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PREFACE.

Tue Geological Surveys of New Jersey were ordered by the Legislature
for the purpose of making known to the Public our Agricultural, Mineral,
and Manufacturing resources. The first Survey was authorized by the
Legislature of 1833, and was organized by Governor Peter D. Vroom, and
made by Prof. Flenry D. Rogers. The results of this Survey were pub-
lished in a report of progress in 1836, and a Final Report in 18404 The
latter is an octavo volume of 301 pages. It deseribes nearly all our form-
atiéms, and gives a full and faiv description of our mines, minerals, and
other useful products, as they were developed at the time.  The report was
one of the best that had then been made in the United States, and is
worthy of Prof. Rogers’ eminent abilities in his department of science.
Tn 1834 a second and more detailed survey was ordered. This Survey was
organized by Governor R. M. Price, and was carried on by Dr. W
Kitehell, Superintendent and Geologist; Gen. E. L. Viele, State Topo-
graphical Engineer; Geo. H. Cook, Assistant Geologist; T. N. Conrad,
Paleontologist ; and Henry Wurtz, Chemist and Mineralogist. This Sur-
vey was continued through the years 1854, 1855, and 1856, and full reports
of the progress of the work during those years were published annually,
and were widely distributed.f At the beginning of 1857, this Survey was

* Report on the Geological Survey of the Stute of New Jersey, by Hexny D. Roaers, Philadelphia,
1886, 8vo., pp. 174, with sections.

+ Description of the Geology of New Jersey, being a Final Report by HExky D. RoeErs, State Geolo-
gist, Philadelphia, 1840, 8vo., pp. 501, with map and sectiou.

{ First Annual Report of the Geological Survey of the State of New Jevsey, for the year1854. Dr. W,
KiteaeLy, Surveyor Intendent, New Brunswick, 1855, 8vo., 100 pp.

Second Annual Report on the Geologleal Survey of the State of New Jersey, for the year 1855, Dx.
Wn. KrrcrELL, Superintendent, Trenton, 1856, 8vo,, 248 pp.

Third Annual Report on the Geological Survey of the State of New Jevsey for the year 1856, with a
Catalogue of Plants growing in Monmouth and Occan Counties. Dn. Wi KiTomELL, Trenton, 1857,
8vo, 79, 41 pp. '

Geology of the County of Cupe May, State of New Jersey, Repori of GEORGE 1L Coox to Dm. Wa.
KrrcHELL, State Geologiat, Trenton, 8vo., 208 pp. with map.
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viii PREFACE.

closed through failure of the appropriations necessary for its continuance.
The Legislature of 1864 revived the Geological Survey, and made the
appropriations necessary for its completion. It also appointed the present
Board of Managers, and Geologist in the Act. The Survey was organized
and put in operation by Governor Joel Parker, and hias been continued
under his presidency and that of Governor Marcus L. Ward, fo the present
time, and annual reports® of progress have been made.

The results of these surveys bear testimony to the wisdom of those who
originated themn, and to the advantages of the policy which furnishes the
public with full information regarding our resources.

New Jersey has unequalled advantages in location, soil, and climate. Up
to 1840 these advantages do not scem to have been appreciated or much
improved. The population only doubled between 1790 and 1840, while
that of the United States increased more than fourfold ; and the increase in
wealth was still more disparaging. Between 1840 and 1850 the state in-
creased thirty-onc per eent. in population, while the United States increased
thirty-six per cent. From 1850 to 1860 there was an increase of thirty-
seven and one-fourth per cent. in New Jersey, and of thirty-five and a half
per cent. in the United States. Since 1860 the increase has been equally
rapid, and at this time the total number of inhabitants is not Jess than
850,000, which is one hundred and twelve to the square mile—a density of
population only exceeded by Massachusetts and Rhode Island.

The increase in population has been most rapid in the vicinities of New
York and Philadelphia, and in our manufacturing towns; but there has
also been a large increase in the more thinly-settled agricultural districts.
It is a remarkable circumstance that in the older settled counties there is a
rapid increase in taxable property and in the value of agricultural products,
and not much /increase in population. This is undoubtedly due to the
improvements in management, to the use of fertilizers in larger quantity,
and to the introduetion of labor-saving implements. Iarms without numn-
ber can be shown which produce from two to four times as much as

* Report of Pror. Geo. M. Coox upon the Geological Survey of New Jersey and its progress during
the year 1863. Trenton, 1864, 8vo., 13 pp.

The Annual Report of Pror. Go, H, Coox, State Geologist, on the Geological Survey for the year
18G4, Trenton, 1885, 8vo., 24 pp.

Do, do. do. for 1865. Trenton 1866, 8ve, 12 pp.
Do, do, do, for the 1866. ‘Trenton 1867, 8vo, 27 pp.
Do, do. do, for the year 1867. Trendion 1868, 8vo, 25 pp.
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PREFACE. ix

formerly, and oa which there is no inerease in the amount of labor em-
ployed.

Farin lands have increased in value from year to year, and the price per
acre is higher than in any other of the states, as is seen by the following
abstract from the estimates of the Department of Agriculture for 1868 :

Prices of Land per Acre.

1850. 1860, 1867,
New Jersey. .oovvrrieereneneeenin, $43.67 260.40 $78.00
New York. ...t iiinninninns 20.00 38.00 © o 48.00
Pennsylvania, ............... ... ... 27.33 ) 39.00 49.00
Delaware. ... ..o oiiii i 10.75 31.00 51.00
Comnecticut...........oovvuieannos 80.50 36.00 43.00
Rhode Island..........0evinrnnnnn 90.82 ' 37.00 44,00
Massachusetts. . ..... ... ... 82.5% 24.00 40.00

The annual value of our farm products is steadily and rapidly on the
increase. With the stimulus of good markets and high prices, the use of
fertilizers has increased to o remarkable extent. The following statistics of
mar] transported on railroads this year will give some idea of the orowth of
this trade, for scarcely anything was done in transporting mar] farther than
teams could haul it, until abont 1854 :

Table
West Jersey Marl Company....... P 50,000 tons.
Coamden and Atlantic Railroad .. ... cviieiiian e 8,000 ©
Pemberton Marl Company. .. ..o 80,000
Cream Ridge Mar! Company, in two months.............. .. 7,000 ¢
Frechold and Jamesburg Agricultural Railvoad........... o 14,000
Sguankum Marl Company.......ov.vv i 25,000

134,000 tons.

The Cream Ridge Marl Company has just commenced with a capacity for
delivering 50,000 tons a year. The Frechold and Squankum Marl Com-
pany have just completed their railroad, and are now able to send marl to
the cxtreme ends of the state, and can deliver from 50,000 to 100,000 tons
a year. The Burlington County Marl Company, at Vincentown, are pre-
paring to deliver marl by rail next year.

The use of it in the neighborhood of the pits continues to be very large.

"The Messrs. Dickinson, at Woodstown, Salemn County, have dug by
machinery this year, and sold to farmers 13,000 tons. This fertilizer isour

cheapest mineral manure, and the importance of having it conveyed cheaply
B
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by railroad to all parts of the state can hardly be overestimated. Where-
ever it has been freely used it has entirely changed the faces of the ficlds,
and brought forward an improved and thrifty agriculture.

New Jersey, though twenticth in population, is sixth in the value of its
manufactures, and is yot capable of producing food for all its people, and
in value of erops it does so—if it does not in kind.

The value of manufactured articles is steadily on the increase. Newark is
the third city in the Union in the value of its manufactured produets. The
potteries of Trenton are more extensive than any others in our country.

The glass manufacture is very large. Bore than half the zine products in
the Union are mined and manufactured in New Jersey. About one-eighth

of all the iron of the country is taken from our mines, and the state
stands fifth in the amount of iron made.

The growth of the iron manufacture in this state is interesting. A con-
parison of this business in 1790, 1830, and 1867, gives some idea of the
remarkable growth of this branch of manufacture.

The statement for 1790 is from Morse’s Geography, 1st edition :

“ The iron manufactureis of all others the greatest sonrce of wealth to
the state. Tron works arc erccted in Ciloucester, Burlington, Morris, and
other counties. Thenountains in the county of Morris give rise to a num-
ber of streams necessary and convenient for these works- and at the same
time furnish a copious supply of wood and ore of a superior quality. In
this connty are no less than seven rich iron nines, fromn which might be
taken ore sufficient to supply the United States; and to work it into iron
are two furnaces, two rolling and slitting mnillg, and about thirty forges,
containing from two to four fires each. These works prodace annualiy five
lindred and forty tons of bar-iron, eight hundred tons of pigs, besides
large guantities of hollow-ware, sheet-iron, and nailrods. In the whole
-state it is supposed there is yearly made about twelve hundred tons of bar-
iron, twelve hundred ditto of pigs, eighty of nail-rods, exclusive of hollow-
ware and varions other eastings, of which vast quantities are made.”

The following statement of the condition of the iron manufacture of
New Jersey forty years later, or in 1830, is taken from Gordon’s Gazeteer :
“Twelve of the twenty-eight furnaces are blast furnaces, cmployed in
making iron from the ore; the remainder are cupola furnaces, nsed in the
reduction of pig and other metal to castings. The furnaces of New Jersey,
by the report of the cominittee of the iariff convention, holden in New
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PREFACE, xi

York, October, 1831, produced in 1830, 1,671 tons of pig-iron, and -5,615
tons of castings; and her 108 forges, 3,000 tons of bar iron.

The first, valued at $30 the ton, yields...........ocvviiiiiioneenes $50,130
The second, at 60 “ e e 386,900
The third, at L 270,000

MaKing. ..ot s $0657,030

for her manufacture of iron in pigs, castings and bars. This iron, how-
ever, is further improved in value by the aid of ten rolling and slitting-
mills, sixteen cupola-furnaces, and the extensive machine-shops of Paterson.
And we shall not, we presume, underrate the annual value of the iron
manufacture of the state when we state it at one million of dollars ; all of
which is obtained from her mines, her forests and her labor; not one cent
of foreign matter entering into the composition.”

The amount of iron ore taken from our mines in 1867 was more than
300,000 tons. There was made in our furnaces, during 1867, of anthracite
pig-iron 36,919 tons; of charcoal pig-iron, 9,000 tons, and of bar-iren in
bloomeries and forges, 5,980 tous. There was about 50,000 tons of iron
worked in onr rolling-mills the smne year.

In prosceuting the survey, its practical objects have been constantly kept
in mind. The results of the work thus far are here spread out. They
have already by their partial publication in annual reports been of much
gervice to the state. The trade in marl, the prospecting for iron ores, the
improvement of our new lands, have all been benefited by themn to an
amount vastly beyond the cost of the survey. Every step in advance has
opened new fields of inquiry, and now when the time has come for closing
the work, and when the state may justly ask for an account of what has
heen done, we arc obliged to leave a vast amount of unfinished material, and
that whicli is most interesting and constantly tending to practical appliea-
tions,

The analyses of subsoils from the magnesian limestone valleys of Warren
and Sussex counties, as given on page 383, show the cause of the continued
fertility of those valleys. The Great Valley in which they lie has been pro-
verbial for its rich product of grain in our own state, and in Pennsylvania,
Maryland and Virginia. The amount of phosphorie acid and of potash and
soda in them is probably unexampled anywhere clse. It was late in the
season when these results were obtained, or the subject would ‘have been -
pursued further. . Soils should have been examined, and also the soils on
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adjoining rocks. It would have been interesting to answer the inquiries—
How far have these rich soils been scattered by the drift? Are they worth
transportation to other soils? What treatment will make them most
active—liming, burning, composting, or simply thorough tillage ?

The analysis of Mr. Robbins’ mar! from near Sharptown, Salem County,
as shown on page 440, is suggestive of further inquiry. It is not a greensand,
and yet it is rich in phosphoric acid, and is an active fertilizer. IHave we
found all or even the richest of our mineral fertilizers? This onc is used by
farmers. It is from the green earth under the Middle Marl Bed, and it is
probable than many other places can be found asvich as this. It certainly
appears to he of the same character in some places in Mommoeuth County,
though it is not there used.

A new invention for turning cast-iron into wrought-iron by the use of
oxides of iron, promises to revolutionize the iron manufrcture. Half the
fuel is saved, there is much less time and labor needed than by the old pro-
cess, and the quality of the iron is better. TPure ore in considerable
quantity is essential to the process. This must greatly increase the value
of all our iron mines, and quicken the cfforts to find new ores.  What more
can be done to develop this portion of our mineral wealth? Should sur-
veys like that of the group of iron mines near Dover be extended all over
the iron-ore region, and maps be supplied at cheap rates to all who may
wish'them?  Can the miner’s compass be improved in its construction, or
made to give any more certain indications? Tt now shows the existence of
ore, and can be used to detect a fault in a vein of ore—can it be made to
give any information as to quantity? Some of the Dbest ores in the state
have once contained pyrites, whicl they have lost in the course of time
and under the influence of air and moisture. Can these processes of nature
be imitated and hastened, and all the ores containing sulphur be purified ?
Westerman’s furnace for roasting sulphurous ores is now in operation at
Ringwood Iron Works. It purifies ores containing four per cent. of sul-
phaur so that they work well in the blast-furnace.

In the agriculture of our state, can the great Lody of tide-meadows be
profitably reclaimed, and their incxhaustible stores of fertility be made
available? Will the continued agitation of this subject, and the publication
of facts showing its advantages finally bring capitalists to nndertake it ?
How shall the state best prepare for this improvement which is sure to

come ?
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In the large tracts of undrained ground in which the state has a heavy

interest, can concerted action be sccured for bringing them into cultiva-

. tion? The meadows on the Wallkill, the Pequest, the Paulinskill and the

Passaic are rich lands and comparatively unproductive, though lying in
the midst of the finest parts of the stato. The improvement must be made
and the lands brought to the degree of productiveness which the best
interests of the state demand. Upon the fall in the Passaic River, and the
consequent rige and fall of water during freshets, much material has been
collected. The results of these examinations are to be found in the Appen-
dix. Tt is to be hoped that inquiries on this subject will be pursued and
made public, until it is thoroughly understood, and the immense taxable
property it would bring to the district—appreciated.

The changes along the shore of the ocean, by which some important
inlets have been closed, are of national importance. The Cranberry Inlet
opposite the mouth of Toms River was formerly a place of eafety in storms
for vessels coming on the coast. It has been closed for many years past,
and the only access to Barnegat Bay is now through Barnegat Iulet. The
nwinber of wrecks on that shore and the consequent loss of life is nuch
increased by this change. The bay is narrow and decp and the beach is
gnite narrow near the mouth of the Metedeconk. It would not be expen-
sive to open an inlet at that point. Such an improvement would greatly
diminish the perils of navigation® along that shore, and would shorten by
many miles the outside water-passage to New York, for all the country
along the bay. It would also furnish an outlet to part of the water of the
bay, and so might diminish the force of the current at Barnegat Inlet,
where it is now so rapid as to seriously threaten the destruction of the
lghthouse by undermining. The attention of our members of Congress
might well be called to this subject, as one worthy of Congressional acti();].

We have between one and two million acres of land in Southern New
Jersey which is comparatively unimproved. Private enterprise is doing
much for its development. Millions of money have been invested for
its improvement within the last fifteen years, and thriving settlements
have been formed. These pioneers deserve well of the state, and they
should be furnished with every information and facility for pushing for-

ward their improvements.

¢ Elghty-five vessels were wrecked on the beach between Baraegat and 8quman, in the twenty
years preceding 1868, and moat of them near where this new inlet should be.
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In the report which follows, much of the material hias been obtained
from others. The original work of Prof. Rogers was well done, and while
the attempt has been made to give him credit for what has been taken from
liis report, it is not possible to estimate exactly the influence of his labors,
or to tell how much he has smoothed the difficulties for those who came
after him.  Dr. Kitchell’s results also have been largely used in preparing
this report. His plans for the Survey were laid out on a very comprehen-
sive scale, and had he been allowed to carry them out, his work wounld
have been a most valuable one to the state, and a monnment to his scientific”
attainments. By his sudden death in the midst of his active duties, his
notes and papers were left unarranged for publication. Quotations have
been made from his annual reports and from those of his assistants, and

we desire to acknowledge the valuable information veceived, and also to

_ bear testimony to the importance of the three years of hard work which

they spent in the service of the state, and for which, owing to the suspen-
sion of the Survey, they never received that public hearing and approval
which they justly expected.

Extracts from the reports, of Prof. Henry Wurtz, the Chemist and Min-
cralogist, and of Ernest Hauesser, the Greological Assistant, to Dr. Kitchell,
have been copied, in full, upon portions of the work which they had in
charge; and these bear testimony to the minute and patient as well as able
examination they were giving to their departments of labor. The reports
of Mr. E. . Baldwin to Dr. Kitchell have also been found useful in pre-
paring this work. General E, L. Viele, the State Topographical Enginecr,
had completed the Topographical Survey and map of Cape May County,
and had had it engraved when the work was suspended. The map of Sus-
sex was in the engraver’s hands, and that of Monmouth was ready for the
erfgmver ; and the surveys of Cumberland, Salem, Warren and Morris were
well advanced at that tine. These surveys have all been made available
in the maps which are now presented. The oxtensive triangulations pro-
Jected as the basis for the aceurate construetion of the map, were not
sutliciently perfected to be of any use, and the large amount of labor spent
upon them was lost. This was a great disappointinent to those engaged
in the survey, and a source of regret to all who know the absolute neces-
sity for accurate and reliable maps on which to delineate geological results.

In the present survey begun seven years after Dr. Kitchell’s closed, the
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plan has been materially changed. The topographical survey has been
omitted, and the geological work has been a general one, instead of making
a separate report for each county and township of the state. In construct-
ing the maps the Survey has had the materials prepared by Gen. Viele, in
the former survey; and through the favor of the United States Coast
Survey has had the full use of all their work in New Jersey, both in their
topographical surveys, and in the latitudes and longitudes of the many
places they have determined. It has also had the benefit of the long expe-
rience of Gr. M. Hopkins, in condueting county surveys, and in construct-
ingmaps. All the maps except that of Ringwood were made by him,
and to insure greater accuragy they have been sulunitted to the critical
examination and eorrection of surveyors, land-owners, and land-agents in
different parts of the state. The maps are the best testimonial to Mr.
Hopkins’ work. The Ringwood Mines map was made by Major T. B.
Brooks, and is a fine specimen of a survey of a district containing veins
of magnetic iron ore.

The map of the Cretaceous Formation, was engraved by the late George
Eimermann, of Philadelphia. The other maps were engraved by Julins
Bien, of New York, and the illustrations were mostly made by photo-
graphic methods at the establishment of the New York Lithographic Engra-
ving and Printing Company. The latter process is an interesting one, as
it saves labor in reducing drawings, and does the work of the engraver by
chemical means.

The chenieal analyses put down in the report have been mostly made by
E. H. Bogardns. Heshas devoted more than three years of steady work to
this part of the report, pursuing his researches in the laboratory at New
Brunswick.

Tt is proper to acknowledge the large share of this Survey which has been
done by the Assistant Geologist, Prof. John C. Smock. He has traced out
and put down on the map very nearly all the boundaries of the formations,
and has done much of the other work of the Survey, and considerable por-
tions of the report have been written by him. To the constant, careful
and unwearied devotion of Mr. Smock and Mr. Bogardus to the interests
of the Survey, a large shaxe of its results is due.

Attention is called to the Appendix, comprising the following papers
A catalogue of invertebrate Cretaceous fossils found in New Jersey, pre-
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pared by T. A. Conrad, of Trenton, New Jersey ; a catalogue of vertebrate
fossils from New Jersey, prepared by Prof. E. D. Cope, of Haddonfield ;
and a catalogue of New Jersey minerals, by the Rev. E. Seymour, of
Bloomfield. These catalogues prepared by men able in their several de-
partments, add much to the value of the work.

Dr. C. C. Abbott, of Trenton, has with great labor prepared for the
report, catalogues of all the vertebrate animals of New Jersey, Mammals,
Birds, Reptiles and Fish. It is a full and valuable one, and is of much
interest to all who are in any way conversant with Natural Iistory.

There has also been colleeted from different engineers and officers of
railroads and canals of the state, a list of elevations of numerous places
over which their surveys have been made. This list extends to many
liundred points and will be of value to those studying Physical Geography,
as well as to those projecting new works of interval improvement.

It was expected to have had this volume out some months ago, but it
was found impossible.  The care and labor necessary for such a book must
consume tine. Tn order to complete it within the present year, it has
been necessary to allow it to go to press without revised proofs, and in
many cases without seeing it after it was made up into pages. This must
explain, if it does not excuse, blunders, errors and marks of haste, which
are too frequently found in it.

It would be invidious to attempt here an enwmeration of the many per-
sons who have generously contributed time and information, for the ad-
rancement and perfecting of this work. A friendly and licarty response
has everywhere been made to all applications for information. And our
thanks arc tendered to the many friends in all parts of the state who have
contributed. .

It only remains to gay that the thanks of the officers of the Survey are
due to the Board of Managers, for the hearty interest with which they
have sustained us in our work, to congratulate them on its completion,
and to express the hope that the publication of these results of the Survey
may be eminently nszeful to the State of New Jersey.

NEW JERSEY GEOLOGICAL SURVEY
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GEOLOGICAL SURVEY OF NEW JERSEY.

INTRODUCTION.

GEOGRAPHICAL DESCRIPTION.

Bounparmes.—New Jersey is limited by natural and easily defined boun-
daries on the east, south and west.  On the north the boundary between it
and New York is a straight line from the west bank of the Hudson River
in latitude 40° N., to a point on the north bank of the Neversink River at
its junetion with the Delaware.

* The costern, southern and western boundaries of New Jerscy were described os above in the
original deed from the Duke of York to Lord Berkeley and Sir George Cartaret, dated June 23 and 24,
1664. The northern boundary was to begin * northward as far as the northernmost branch of the said
bay ot river of Delaware, which isin 41° and 40' of latitude, and crosseth over thence in astraight
line to Hudson’s river in41° of latitude. The location of this line was long asubjeet of dispute and
litigation, and in some eases the cause of violence, but was finally settled by the joint actionof the
lepistatures of New Jersey and New York, a3 appears in the following reporta:

COMMIBSIONERS REPORT.

In pursuance of au Act of Assembly of the Colony of New York entitled *“ Aun Act for establishing
{lsc Boundary or Partition Line between the Colonics of New York and Nove Cwmesaren or New Jer-
gey, and for confirming Titles and Possessions.”” And of one other Act of Assembly of the Colony
of New Jerscy entitled ** Au Act for establishing the Boundary or Partition Line between the said
Colonies of New York and Nova Cesarea or New Jersey, and for conflmming the Titles and Posacs,
glons,” We William Wickham and Samuel Gale, two of the Gommissioners in the frst of the snid
acts mentioned and John Stevens and Walter Rotherford two of the Commissioners in the other of
the sald ncts mentioned Do hereby certify that we have ascertained and marked the Partition Linc
in the said acts mentioned so that it may be sufficiently known and distinguished. In doing this
Business we have been greatly assisted by Jumes Clinton and Anthony Dennis Surveyors by us ap-
pointed for that purpose as witl more particularly appear by their certificate hereunto annexed.

That the rock on the West side of Hudson’s River marked by the surveyors in the said Acts men,
tioned in the Latitude of 41°, we have marked with o stralght line throughout its surface passing
through the place marked by the soid Surveyors snd with the following words and figures to wit—
Lotltnde 41° North end on the South side thercof the words New Jersey and on the North side

1
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Beginning at the northeast corner we have the Mudson River, Staten
Island Sound, Raritan Bay, and the Atlantic Occan on the east; Delaware
Bay on the south; the Delaware River on the west; and the State of New
York on the north.

Extreymi Larropes anp Lozerrupes.—The most northerly point of the
state is at the western end of the boundary line between New Jersey and
New York. Its exact position has never been determined by astronomical
ohservations. TFrom the various topographical and other surveys which
have been made, its position may be approximately put duwn at latitude 41°
21" 19" N. and longitude 74° 41/ 53" W.  The castern end of the northern -
boundary is the most casterly point in the state. By measurement and
computation from the U. 8. Coast Survey station Duer, it is found to be in
latitude 40° 59" 47".78 N. and in longitude 73° 58’ 51°.25 W.  Cape May
Light House is at the sonthern end of the state and according to the U. 8.
Coast Survey Reports isin 38° 537 50”42 north latitude, and in 74° 57 15”.
57 west longitude : and high water mark is 1,188 feet due south from it, or

thereof the words New York., That we bave marked Trees agreeable to tho sald acts standing in
" the guid line with s blaze and flve notches under the same, And that wo have erected stone Monu-
menta ot one mile distance from each other along the said line except the monument number twen-
ty-six which by reason of the long Pond wo were obliged to place one chain further from the sta-.
tion on Hudsow's River. And we havenumbered thesaid Monuments from the Westaide of Hudson’s
River, beginning with Nuwber one, sud ending with Number forty-cight, and have marked the
words New Yark on the North side of each of the spid Monuments and the words New Jersey on
the South side of each of the said Monuments,
In witness whereof we have hereunto set our hands and geals the thirtieth day of November onc
thousand seven hundred and seventy-four,
Sealed and signed
' W, WICKHAM (L.8.)
in presence of } SAM'L GALE  (L.8.)

ROBERT HALL WAL'T RUTHERFORD (L.8.)
CHARLE3 WICKHAM CROOKE
SURVEYORS REPORT.

We James Clinton of Ulster County in the Province of New York and Anthony Denais of Mon-
mouth County in the Province of New Jersey surveyors employed by the Commissioners appointed
by acts of Assembly of the gald Provinces for ascertaining and marking the Partition Linc Between
the eaid Colonics Do Certify that we have run the sald Partition Linc with the Utmost care and
Exactnegs we were eapable of, that in Running said Line we found in geveral parta thereof the nee-
dle attracted which we correeted by staking that from the Station Rock marked on the West stde
of 1Tudson’s River in the Latitude of forty-one Degrees to the fork or Branch formed by the june-
tlon of the stream or waters called the Machockemack with the River called Delaware or Fish Kill
the course according to the Best of our Judgment [s North fifty-four Degrees and forty minutes
West 28 the Magnetic Needle now Poluts and that the Distance between the two Stations is forty-
cight miles and thirty-eight chains. Ix WiTNESS whereof we have hercunto set our hands and seals
the twenty-sixth Day of November in the year of our Lord one thousand seven hundred nnd seven-
ty-four.

Scaled and Delivered }

. JAMES CLINTON  (L.8)
Jdn the presence of

BARENT MARTLINGS ANTIIONY DENNIS (L.8)
JACOB GARRABRANTS

Copied from the originals in the Office of the Seerclary of State, Albany, N. Y.
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GEOGRAPHICAL DESCRIPTION. 3

in latitude 38° 53’ 39”.65 N. and longitude 74° 57" 15”.57 W. The most
westerly point in the state is on the bank of the Delaware River, in the
township of Lower Pemns Neck, Salem County, at the U, 8. Coast Survey
station Kinsey, and is in latitnde 39° 38" 03”11 N, and in longitude 75° 33’
02”74 W,

Duorensions.—The extreme length of the state from Carpenter’s Pomt io
Cape May is one hundred and sixty-seven and three cighths miles. It is
narrowest in the middle; the distance from the Delaware River above Bor-
dentown to Raritan Bay being scarcely thirty-two miles, while in the northern
part of the state from the bend of the Delaware above the Water Gap to the
TIudson at Jersey City, is alinost fifty-nine miles ; and in the southern part
a straight line from the Delaware to the sea-shore, following near the south-
crn boundaries of Gloucester and Atlantic Countics, is fifty-cight miles long.

Arrs.—The state is divided into twenty-onc counties and two hundred
and twenty-three townships, with a total area of seven thousand five hun-
dred and seventy-six (7,576) square miles.

The arcas were compnted from the maps of the survey. The method
pursued was to take engineers tracing cloth, which by trial was found to be-
of very even texiure and weight in all its parts, and to cut from it what
would represent, on the scale of the map, one square mile, or several square
miles. These were carefully weighed and found to average 0.177 grains per
square mile, in ten different trialg, the extremes being 0.158 and 0.181 grains,
A picce of the same cloth was then laid on the map, and the outlines of the
different: counties, townships or other areas to be measured, traced npon the
cloth. The included surfaces were then cut ont, weighed, and their areas
caleulated by proportion.

In these arcas are included the streams, ponds, lakes, bays and other water
surfaces within the boundaries of the several townships and counties.  The
cast shore of Delaware Bay and the Delaware River forms the western
boundary of the computed area.  On the east the outside beach shore con-
stitutes the line from Cape May to Sandy Ilook. North of this point the
asstined boundary coincides with the western limit of Raritan Bay—the
middle of the Arthur Xill, the shore of Newark Bay, and the west bank of
the ITudson River.

The following is a tabular statement of the whole area of cach of the town- -
ships and counties in the state in acres, and also in squarc miles, The arca of
land in beaches, tide-marshes, and wet meadows is given ; and also the areas
covered by water in the various bays, ponds, crecks, &e.
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TABLE OF AREAS.

ATLANTIC COUNTY.

TOTAL OF
TOWNBSHIIS. BEACH TIDE MARSH. | WET MEADOY. TOWNEIIIPE.
BQ. M. ACRES, Bg. X. AQRES, BQ. A1 ACRES. BQ. M. AQRES,
Egg Harbor (¥).| 4.26 | 2,726 '| 16.95 10848 |......| ....... 130.77 | 83,698
Gulloway (f).....| 1.1 | 1222 | 95.58 16,358 ;..... |........ 160.52 | 102,733
Mamilton. ......[..... .o 166.08 | 106,291
Muallieas. .......fooo o feveean oo e L N 97.91 1 (2,662
Weymouth.,....|.....[........ 16.87 | 10,797 |......|........ 75,13 | 48,083
Totals......... 617 | 8,948 |50.38| 38,008 |......|........ 630.41 | 403,462
(*) Includes £3.30 square miles, 14,512 acres of water iz bays, inleis, &e.
(1) ¢ 38.52 square miles, 24,652 ncres of water in bays, inlets, &c.
BERGEN COUNTY,
TOWNSHIFa, DEACK TIDE MARSEH, | WET MEADOW, TOTAL oF
TOWNSIIPS,

, BQ. M. ACQRES BQ. M, AQRES. B8 M. AQRES BQ. M. AURES.
Franklin...... .o nbeL LT 34.52 | 22,003
Hackensack ....[......[........ 4.52 1 2803 [......].... ... 41.04 | 26,265
Harrington. ....|......|... ..o L 198 | 1,107 24,17 | 15469
Hohekus.,......|. IR O I seeaefeeenoaal ] 88,08 4 24,371
Lodi...........0......1........ 0.83 | 3,731 civebaeeeaes | 14.69 9,402
New Barbadoes.[... ..]....... N S T EERTEYY 10.13 | 12,243
Saddle River...|...,.. S R I cee.] 1856 | 8,678
Union..........[...... 0.l 82| 5286 |......]........ 15.04 0,626
Washington ... [......{..............0 .00, 0.60 384 | 3043 | 10475
Totals..........0......] ....... 18.61 ¢ 11,910 222 11491 {230,066 147,622

S
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GEOGRATITICAL DESCRIPTION. 5

BURLINGTON COUNTY.

TOWNSHIPS, BEACIL TIDE MARSE. | WET MEADOW. TOTAL OF
TOWNSHIPS,
8Q. M. ACRES, 8q. M. ACRBES. BQ. M. AOQRES. 8Q. M, ACBES.
Bass River......|......0 ........ 1087 | 6,957 | .vuv]iiinnnnn 73.82 | 47245
Beverly ...oooufivveai]oennnnn, 0.43 b4 T PO 7.80 4,672
Bordentown... .. |..... |........ 0.26 167 ... feeeeenan) 974 6,233
Burlington ..ou. |oovnna]inenn ot 0.43 218 | e .oo] 17.89 | 11,130
Chester ... . R U T 0,33 b A O 17.82 | 11,405
Chesterfield.....|......]...... P SN SN J N 21,13 | 13,623
Cinnamingon... i......[....c.uss 1.56 (1 [ 18478 1 12,019
Evesham........[...... U PR caelrerenaa ] 6000 | 82,000
Little Egg Har*, | 0.61 390 2087 | 13,357 {.. ...[.& .... 75.65 | 48416
Lumberton......{......] i iuee A BT O P 2078 | 13,209
Mansfield ...... R P .08 i1 I (P D 31.22 19,981
Medford........ [ooooi o] ee i T Y 38,17 24 429
New Hanover...|...... N T S P eeees .} 8713 | 23,763
Northampton ... |, ... ... oo oo, SR DO 2.60 | 1,722
Pemberton......l . oo oo e c b e e 57.56 ) 36,338
Shamorg.......[.coiiifunaanns B ) TP . «eel} 71018} 45,523
Southampton.... [..ooou]eveanead]iennn T P e 45,13 | 28,883
Springfield...... | oo )i aens R T R A 8017 ¢ 19,309
‘Washington. ....|...... cerieaas 4.60 8,002 [...... ceeeaens] 8617 1 61,549
Westhampton ... |......[....... .08 56 [..... leveso-aa] 17,89 1 11,130
‘Willinghorough . |......}.I..... . .08 5 |......[.... eeely 7182 5,005
Woodland ...... |coweer]oven coi]envenifovininii]ieiand]uns ceesl 11498 | 73,459
Totals ......... 0.61 390 30.70 | 25420 1......0.... vl .| 881,77 | 551,633

* Including 20.09 square miles, or 14,137 acres of bays, inlets, &o.

CAMDEN COUNTY.

TOWNSHIPS. BEACIL TIDE MARSH. | WET MEADOW. TOTAL oF
TOWNBOIPS,
BQ. M. ACQRES. BGQ. AL ACRES. BQ. M. ACRES. BQ. M. AQBES,

Camden., .. een [0 veer]vennen-s 0.43 276 Jiieiia]onrnians 2,00 1,280
Center..........|..veue).s e 0.01 390 ..l LLlf 12,09 7,738
Delaware ... fuwevens|ennnnan. 0.26 166 t....u0| -unn...] 22.87 14,637
Gloucester...... P AU DO P A P i X 20,922
Haddon........ [......5....... 0.87 Li17) S AP DU 8.26 5,286
Monroe ........ ] .. ufieeiine, B S ET T PR 41.66 20,508
Newton ..ovwuv fueaesd] v oe 1.22 T8L |eacvridvnnnanes 5.8 3,725
Stockton........|...... S K 1 1,588 4...... cerareee 14.08 9,011
Untonm ..ovveninifoannec]oannnns 0.22 BT S O 1.48 047
Washington..... [c.oovi|iveeeiad]arinn. R I e X 14,470
Waterford,,..... R PR A P B Y e 1 X3 ) 34,950
Winslow....... A R B O O P S 57.22 36,621
Totals. . oo o ov e feaeeerfenneans | 870 1 3,648 1......|-...... [275.20 | 176,185
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CAPE MAY COUNTY.

. TOTAL OF

TOWNSHIPS, BEACH. TIDE MARSH, WET. MEADOW TOWNSIIPS.
Bg. M. ACRES, BQ. M. AURES, 8Q. M, ACBRES. 'BQ. M. [ ACRES.
Dennis. ... ..., 0.60 . 391 17.26}F 11,050 |.,.... vessee..| TO20 44 958
Lower......o.| 187 | 880 | 11d1f 7802 |......|........ 3744 { 23,968
Middle..-.....«| 3.24 | 2,078 | 87.81; 24107 |......|... .. 95.83 | 60,047
Upper.......... 1.69 | 1,080 20,43 16275 ). ... 64.33 41,173
Totals,......... 6.91 ! 4,424 01901 58824 [......]........ 265.89 | 170,171

Ineludes 10,443 acres of sounds, boys, &c.
CUMBERLAND COUNTY.

TOWNSIILPS. BEACH. TIDE MARSH. | WET MEADOW, TOTAL OF

TOWNSHIPS,
Q. M. ACRES. Q. M, ACRER. BQ. M. ACREA. BQ. M. AOREH.
Bridgeton...... Ceeeas B I I . veeeaens 15.30 9,849
J Deerfidd..,....{..... [..... R PO A I v 41.65 | 26,656
Downe..... ...|...... seeeeaas| 8362 21517 L., L., .., 80.13 57,043
Fairfeld........;......]..... Lea| 22161 14176 |..... 18] P 75.30 48,192
Greenwich.......|......[........ 6.80 | 4410 |.,....]....... 17.75 11,360
Hopewell ...... PN ET T 2080 1815 ... . ee...... 30.00 16,200
Landis... ooviifoiuioreevnnn]ii s e U PR B vee.| T2.89 | 46528
Maurice River..[......] ....... 1121 1 7174 |, ..o ... 105.56 | 67,550
Millville.. ......}..... N T, 1.81 L158 |......0... .... 50.35 32,224
Stow Creek.....{...... ceaases| 1,20 T8 [L.vesidunann... 17.93 11,476
Totals................1........ 70.81 | 51,078 |...... -oe.. .. |B15.75 | 830,080
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ESSEX COUNTY.

TOWNSHIPS, BEAGH. TIDE MARSH. | WRT MEADOW. TOTAL OF
) TOWNSIIPS,
BQ. M, ATRES. BQ. M. ACEES. Q. X. ACDES, £Q. M. ACREB,
Belleville.o oo |ovvven]eer covafoonaad]ovannifonen]onnan, 7.91 5,062
Bloomfield..,...|......}..- P DRSS [N S I 11261 8,070
Caldwell........{......|... S D P 4.00%} 2,617 [28.00 | 17,920
Clinton ........|...... O Y T veenae..| 817 5,220
East Orange. ... [ ..o ]oeeeoooiinaeoenenad]oanfvenn v | 374 2,304
Fairmount .....|...... Y DTN I IR ceaee] 722 4,621
Livingston ..... S . P TR 0.52 333 (174 11,354
Milburn. ..o [ooonifnns P PO P RN I 9.74 6,234
Newark.... ... |.coaocfennns | 089 ] 4282 |, 14.26 0,126
Houth Orange,..|......leenenvifeennaed] oinan R PO PR 9,66 6,118
‘West Orange....|..oon feennns PO P P P . .eo] 5.82 | 3,726
Totals. ..\ eern]er. s ) P 660 | 4282 | 461 | 2050 |12a77 | 70,852
Great Pieco Mendow, 1,331 acres.
b lncludes{ Littls Pieco Meadow, 389 acres.
Hatfield Swamp, 686 ncres.
|
|
GLOUCESTER COUNTY.
TOWNSIIPS, DEACII. TIDX MARSH, | WET MEADOW, TOTAL oF
TOWNSHITS.
Q. M. ACHES, BQ. M, ACHEB. BQ- M- ACRES, 8Q. M. ACTES,
Clagton. ..onves [eraene]ovanneae]oneanefioeiaitiii i boennen .| 21.56( 17,638
Deptford.......[coeerafaienann 485 | 2,784 |...... veee.ess]| 4087 26,157
Franklin .......oocoo e doaeet T e vee ..-.| 6330] 40,612 |
GreenWich, . ..., [ooe i feeeaeans 489 [ 3,002 |eeeiii|iernnenn 23.48| 16,097 |
. Horrison ...oecn feienal b B I R DT are e 35.651 22,816
Mantua ........ J [N 0.17 109 foeai]eivennn. 10561 128,619
Woolwich......|.....o| veveaes 635 {40064 j_.....]-einen 43.65 | 27,936
Totals ......... ... P 18,56 | 9,058 ... ]l 254.07| 162,605
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HUDSON COUNTY.

TOWNEIIIES, BEACK TIDE MARBH. | WET MEADOW, TOTAL OF
TOWNSIIPE,
. N ACRES. Q. M ACRES 8Q. M. ACBE] Q. M. ACRES,
Bayonne....... N N vovees| G8T i35 S DS B .eo | 408 2,611
Bergen,..i..... ... R eed| 191 1222 L.l 4.26 2,726
Greenville, .....|......][. A, 089 | 442 ... .|.... ... 261 [ 1,670
Harrison 6.95 | 444 ) )
............ everoae] 6.95 A48 | ..l ] 1129 7,181
Hoboken........|......l1.. P C.61 300 [P 1.04 666
Hudson City. A R veved] 0.52 1132 2 R P 3.4 2,394
Tersey City.....[......|.. el 148 | o047 (..U 148 | oan
North Bergen... ...... ........ 2.08 | 1,831 ‘eee 5.40 3,450
Becaucus .. ... |.. ... fouee e | s0d | mpes fIIITI 6.70 | 4,288
Union. ........ N DR P 1 RO PN 0 PR 111 | es
Weehawken ... [......f.eueua.. PR I PO 1.30 832
West Hoboken. . {oooooufoveniifveeinfvrvnin]enenns ‘e 0.87 557
Totals..........}J......]... e 120361 12,886 |..L. ... L 43.83 | 28,051
HUNTERDON COUNTY.
TOWKSIIPS, BEACIL ‘TIDE MARSH. | WET MEADOW. TOTAL OF
_ TOWNSHIPS,
BQ. M. AORES. 8G. M. AQIES, BQ. M ACRES. 8Q. M. AQRES.
Alexandria......|......[. DU A S I P, 562.081 33,331
Bethlehem ......|.oovui|eennnn.]-.. P R (P 20,30 [ 16,192
LS1VE.TZ WU I R P PR N P, 88.82| 21,645
Delaware ..o fouund|. oot P T I e 45481 20,107
East Amwell, . [ ... feeieiviilvinrarfineraee |omrnedoeanenn, 26,951 17,248
Franklin ....... UUNEN ISR FUDURIN IR IO S 23.04 | 14,746
Kingwood .....[.. P N FEET T P PO N T 38.00| 24,320
Lambertville....|... PP P (U NP 1.21 T4
Lebanon .......|..o0uif..s O Y P Y B 33.48 1 21427
Ratitan........|cceeee|oeennns N DR RN FORRY M 36.58 | 23,539
Readington ....[.,..ou].uens T P T O B L T 44.69 | 28,602
Tewhksbury ... {<nveotfenenes|en: BN RPN SOOI PSR 36.82 | 22,025
Union..........fcocoifees, O B T O TSN 21.821 13,965
West Amwell... |......|. ...l . B A 19.04} 12,185
{2711 [ VORI P U PR SRR P DU, 437.51 | 280,000
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GEOGRAPHICAL DESCRIPTION.
MERCER COUNTY.
TOWNSITPS, BEACIL TIDE MARSIL | WET MEADOW. TOTAL OF
TOWNSIHIPS,
BQ. M. ACRBRS, BQ. M. ACRES. | 8Q.M, ACERS, 8Q. M, ACRLS,
East Windsor...{......{........[...... R feernann 16.78 | 10,739
Bwing ..oy 1648, 10,515
Hamilton ,,....[......]...... .. 304 | 1,946 ..., 42.26( 27,046
Hopewell .......0...... ..o (..., R < weeesaf 87131 36,663
Lawrence ........... [ o o 21,39 13,690
Princeton.......|.... P U R RO PR ceveoe | 1704 10,900
Trenton.,.......0..... 0o oo 2.69 1,722
Washington ....|......f..ooo e 20.09| 12,858
West Windsor_. X EEE R PO BRI PN S . 27.82| 17,805
Totals,......... [ 3.04) 1,946 ......]........ 221.63 | 141,844
MIDDLESEX COUNTY.
TOWNSIIITS, DBEACH, TIDE MARBIL. | WET MEADOW. TOTAL OF
TOWNBIIPS.
BQ. M. ACRES. BQ. M. AOREY, BQ. M. ACRES, BgQ. M. ACRES,
East Brunswick.|......]... [ 078 499 I......|... ..., 26.26 | 16,807
Monroe...,..... 1 P R DU N P 44,69 28,602
New Brunswick.{......|....... |...... P I 47 2,669
NorthBrunswick}. ..... Cerere. P P e ei]er .. ] 1478 9,450
Perth Amboy*.,.|......[........ 0.69 42 ... voel 801 3,782
Piseataway......0......[.... .... 0.52 BET 2 I P 43.74 27,004
South Amboyt..|.. ... AR 382 2445 ..., 58,73 | 34,387
South Brunswick|......[........]......|....... S I .| 57.85 36,896
Woodbridge} ...|...... ... veee| B08G6) 8016 [......|....... .1 40,56 31,718
Totals ......c.'ciiis ciean., 11.46° 7,885 '......|........'30049 | 192314

* Includes 2 square miles, 1,280 acres; waters of Raritan River and Arthur Eill,
+ Includes 1.47 square miles, 940 acres; waters of Raritan River.
} Includes 1.56 square rniles, 995 nores ; waters of Raritan River and Arthur Kill,
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MONMOUTH COUNTY.

TOWNSHIPS, BEACH. TIDE MARSLH. | WET MEADOW. TOTAL OF
TOWNSHIPE.
8Q. M. AORES. Q. M, ACRER. BQ. M. AORES. 8. M. ACRES.
Atlantic ... .. feere i fireaenns VIS R PR 29.82 10,0856
Freehold. . oo |oeeei]oomiinsidoenins] v, RN 39.22 25,110
Holmdel ... b e oo [ e fenee o 16.63 10,687
Howell ... ... [ ... R P I T 58.87 37,677
Manndapan , ..o o e ]l R R ..o| 30.00 19,200
Marlborough... . |.oooc loenviiae] et o e 28.01 17,026
Matawan ..., [c.ov-ofoe oo 1.29 828 ... leeieeien 8.96 5,754
Middletownt ....]ccveocfoeaniens 1,90 |1.2186  |......|-.... voof 41,55 26,502
Millstone ..oooufoeeec] v orei e e J O $8.79 24,826
Ocean ......... 2,52 | 1,612 2,28 | 1,462 B T 42.86 27,430
Ravitan ..., oo |eeneiifrerenss 202 1,293 ... geee. - 9.64 6,170
Shrewshury ... 0 ... [ ... ... ] 1.88 2121 S D 33.21 21,254
Upper Frechold, |......p el U R N T 39.13 25,043
Wall oo, e 043 Q76 | 85.80 22,950
Totals ... .... 252 [ 1,612 0.30 |5,958 ... a0 452.55 | 289,620
MORRIS COUNTY,
TOWNSHITS. BEACIHL. TIDE MARSI, | WET MEADOW. TOTAL OF
_ TOWNSHIPS,
BQ.’)’. ACLE3 5Q. M, ACBES. 5, M. ACRES. 8Q. M. ACRES,

CHAtham v | oo cnifoiee vodeeenedeoannnns 4.00 | 2560 | 23.30 | 14,912
Chester ... .. Joveeeidoeener|oeonne]iaeonns]esnnes veeattt] 29,22 18,701
Hanover... ..o |venvasdaa.. N P IR 9.22 5,901 | 52.87 | 33,837
Jefferson.... oo |oeerenf e —ues A S [ e ...| 40,78 26,009
Mendham. . ool covfieer wo]ree oranen e iaan veeanes.| 23.04 14,746
Morris.........| ..., R Y P §.43 5,395 | 53.30 84,112
Pequeannock... ... Jooebo R e eeea]| G217 30,780
Randolpl. . ..o | oo oaoineeifienni]eneann L U D 27.56 17,638
ROCKAWAF o oo | oo oo feaneeees]oeannn]erieeini]eoene foeiie . ] 68,35 43,744
Roxbury ... ... 0 o0 o] oo o e e e ..| 58.26 37,286
Washington ... [.. ...]  ceeei]evniatanee N P N 44,87 28,717
Totals . ..vvo]oavenn]oees wnrfinevae|orirnnns 91.65]) 13,850 |483.72 | 309,581
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GEOGRAPIIICAL DESCRIPTION. 11

OCEAN COUNTY.

TOWNSILIPS, DEACH. TIDE MARSH. | WET MEADOW. TOTAL OF
TOWNBHIPS,
BQ. M. AOREB, /Q. M. ACREB. 8g. M, AGQREB. B89 H. ACREB.
Brick* ...\-.... 1.04 666 | 4.43) 2835 |.oooii|eenn oo 60.361 98,630
Dovert ..... ... | 6.35 4,084 | 9.68 6118 1......0...c.oo. 178.06] 110,758
JacKBOTL. e vvenie|areans cieve Y N T I ool 9405 60,768
Manchester. ..v .l feeinee NP R T DE PO .83 49,806
Plumstead......]..occfae < I SR I P 53.04| 33,046
Staffordf ....... 4.52 2,803 | 20.26] 12.967 |...... Cenanes 88.87; bG,877
Uniong ..os ... | 2.43 1,555 | 14.43] 9235 |......{ .- .- 1. 185.13| 8,483
Totals,...sev... (14.84 9,178 | 48.68] 31,135 |.....- ] ... 683.23] 437,268
# Including 2.43 square miles, or 1,555_ ncres of bays, inlets, &e.
+ Including 29.56 squarc miles, or 18,018 ncres of bays, inlets, &c.
1 Including 22.96 square miles, or 14,695 ncres of bays, inlets, &e.
§ Including 28.00 squarc miles, or 17.920 acres of bays, inlets, &c.
Total, 82.95 square miles, or 533,088 acres of water orea.
PASSAIC COUNTY.
TOWNBHIPS, BEACH. TIDE MAMSH. | WET MEADOW. TOTAL OF
TOWNSHIPS.
8Q- M AUBES, BQ. M. ACEES, BQ. M. ACEBES. BQ- M. ACREH.
Acquackanonck. [...ood seveene]iees cereneai ki ]| 22035 14,304
Manchester. ... DRI I AR R ORI IETE R 11.13 7,123
POLEISOM oo vnvnn |cevvosfosansrs Jroaees [ I 6.52 4173
Porpton..... T O N LR S P FE R vere.. o1 8078 32,409
Wayne......... T deven dlevan o I . veeenee | 25,04 16,026
West Milford. .. [eesoedennns eelenens I PP P veees...| TB.8T 1 49,107
Total8. .. oeneaefosnaaalorranse N TP VU DN I 102.69 | 123,322
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BALEM COUNTY,

TOWNSHITS. BEACKL, | TIDEMARSIL |WET MEADOW.  TOTAL OF
TOWNSHITS,
BG. M. ACRES. Bg. K. ACRES BQ N ACIHEB, BQ. M. ACRES.
Elsinborongh......... |, ...{....... 6.09] 3808.....]....... 13.21 8,454
Lower Alloway's Creek.|.... |...... (|24.08( 13,418(...,,.]....... 48.69 31,162
Lower Penn's Neek....|.....|....... 6.43[ 4115|.....[....... 24,87 15,917
Mannington ... ......5.....0 ...... 2.69] 171, ..., 87.2% 23,821
Pilesgrove .  ....... Y % T R P PO 85.47 22,501
Pittsgrove ... - 60.43 32,275
L) S P B 0.87 657 .....|.......| 8.13 2,003
Upper Alloway’s Creek. |..... 3 EST I DR TN T vee ooo| 62,87 40,237
Upper Penn's Neck,....[.....| ...... 4.52] 2.8988|.....[....... 36.43 23,315
Upper Pittsgrove.. ...|..... R FTTT sereafavs wad| 85,05 22,816
Totala................ ceanalinnaa, 144.69] 28602].....].......1847.07 222,701
BOMERSET COUNXKTY.
TOWKSHIPS, BEACH, TIDE MARSH. | WET MEADOW, "TOTAL OF
TOWNSHIPS,
8. M, AQRESB, Q. M. ACRES, EQ. M. ACHES, BgQ. M, AURES,
Bedminster ... .J......1.... .. [...... R P o) 32.95 21,088
Bernard.... ...f.oufeen o oo 41.47 20,5641
Branehburg..c . [0 Lo Ceeevena 10.74 12,684
Bridgewater..... ). oo L L 40.08 25,651
Franklin, ... ..f.cooobooe i benss, Pl PP . . . 49.389 31,610
Hillshorough . .. : R R P P 59.21 87,804
Montgomery....|.....o|oeee o e idlo PR EETTIAN 30.61 | 19,690
Warren......... TR T PR N P veeaa]iieaa .| 32,20 20,646
Totals. ......... Lo T . ......1305.71 | 105,654
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GEOGRAPNICAL DESCRIPTION. 13
BUSSEX COUNTY.
TOWNSHIPS, "BEACH, - TIDE MARSH. | WET MEADOW. TOTAL OF
TOWNBILLPS.
BQ, M, ACBES. 8q. M, ACRES. Q. M. AQRESB, éq. M. ACRES.
Andover........|.... N PR TR P 1.72 1 1401 | 26.04 { 16,665
Byram.........0.... Y I P T P P 34,95 22,368
Frankford., ... feeweecforeraedl oo feoiiainnnann 34.43 22,035
Green ......ooofeeenfees R N P .| 0.95 608 | 19.65 12,6706
5 370 o31): VY DR R FETTI PR 1.48 047 | 20.87 18,707
Hardiston. ..ol woerealae i biniiaefininnens 0.34 218 | 34.08 21,811
Lafayette.......l oo oo oo N O 16.35 10,464
Montage ... .fceeeei]oenemanfoeiiiifiaiiiiiifera.. varesses 40.17 25,709
Newton coneeeeeleinenefornacanafoneneliaaans, 0.27 173 2.41 1,642
Sandiston. ... ofeeeenefo- e PP Y ET T P 36.87 23,507
Sparta ...l o]t AN RPN Y .| 40.08 25,651
Stillwater ......|....-. AP U DI [ I 36.17 23,149
/0511 S AN [ PPN vevmanas 4,61 2,950 | 66.84 42,458
Walpack........ R P R N T P 21,30 13,633
Wantage. ...... ROUDE FONP veeeedieiii 1,82 1,065 | 6174 | 39,514
7Y Y S O O P 11,19 7,162 $490.05 | 319,008
2.87 square miles, and 1,838 acres Panlins Kill Meadows.
8.78 square miles, and 6,619 acres drowned londs.
UNION COUNTY.
TOWNSHILS, BEACH. TIDE MARBIL | WET MEADOW TOTAL OF
TOWNSIIFS,
ag. My ACBER, AQ. M. AORES BQ. M. ACQBES. BQ. XK. ACRES.
Clark . ocovvee]venna]onnnnns Y S P e veenai 4.73 3,060
Elizabeth. ... foeeieiforeeanns 417 [ 2660 [ooiiifeeieenns 11.82 | 7,565
Tinden...cooeraforcvsa]ncannans 2.60 1 1,722 [ . feeaeann 14.61 9,850
New Providence.f..oovefoeerranafere soiveanneiooness]eenenes 15.04 0,626
Plainfield ......{... vaedieann N PR UDRUN I PP 8.00 5,120
Rahway ...... IS DU PN .1 0.08 G |oveeoa|everanen 5.18 3,283
Springtield.... . l..... oo o] e veveaeanle 778 4,947
TUnion ...oevee]earansfenes. R R RN P weeressn) 16,78 | 10,7390
Westfiehd, ......}...... P P P S veee .| 0,95 | 13,408
TOtals covvnreae conene vrennens 6.04 " 4446 1, o). ... 104,84 7 67,097
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WARREN COUNTY.

TOWNSHIES, BEACH TIDY, MARSI. | WET MEADOW. TOTAL OF
TOWNSHIFS.
Bg. M. AQRES. Bg. M, AURES, 8Q. M. AQRES, 5Q- M. ACRES.
Belvidere.......t..oofeeenntn, Y N P Ceraeees 1.47 041
Blairstown......f......]-.. [ PO T I D 27.30 | 17472
Franklin .......|{......|........ P S Y 21.01 | 14,023
Frelinghuysen . .|..... B T P P 22.60 | 14,522
Greenwich... .. | i fenen i foe v idiene o] eiaa] e e veun) R6.61 | 17,080
Hackettstown ... [......[.... SUUOY PN FURTURE IO R o] o218 1,179
Hardwick vvovo]ianae, —_—e]aenn S PP ORI e 15.91 | 10,182
Harmony.......l...ovefovnan 1 P N R E I FTPT 22.87 | 14,637
Hope..........} . .... Y P P vos| 0.87 557 | 80.17 ; 19,309
Independence ...[......].. R P P ..o 8,96 1 5734 | 37.65 | 24,096
Knowlton......0......0.coocaif o] S . 25.18 | 16,083
Mansfield.. ..o e 1% PR 27.83 | 17,805
Oxford ....oooooeees foni i vee e {oen o e 32.17 | 20,589
Pahaquarry ....|......|. PR I PR PR P veeln] 19.04 | 12,180
Phillipsburg. ... |.ovesfovnninn ] et R R e e 9.74 6,233
Washington ....|...... Ceeraies N R R 20.60 | 13,242
U ENE O R cofeevene. D.83 | 6,201 '343.95 | 220,128
SUMMARY.
COUNTIES, BEACH TIDE MARSH. | WET MEADOW TOTAL OF
COUKTIES,
B8Q. M ACRES. B8g. M. ACLES, BQ. X ACRBES. 8Q. M. ACRES.
Atlantic. ......} 6.17] 3,948 | 50.38| 38,008 |......{........ 630.41) 403,462
Bergen.........|..... ) . 18.61] 11,910 | 2.33 1,491 | 230.66( 147,622
Burlington ..... 0.61 390 [ 39.70] 25420 |...... ool | 861,77 551,523
Camden .......J|.. IO P 5.7 36862 {......[........ 275.29] 176,185
Cape May......] 6.91] 4424 | 91.01f 58824 [..... |........ 205.89( 170,171
Cumberland.....}......] ....... 79.81) 51,078 |......[........ 515.75| 230,080
JUTC). SR I S 6.60| 4282 | 4.81 2,950 | 124.77| 179,852
Gloucester v.... ... eenast, 15.56) 9,958 |...... ........ 264.07 162,605
HUASOn .vvven, o |evnnnifonnnnnn 20,15 12,806 |......].\u..ns 43.83] 28,051
Hunterdon .....|c.oevoifvvenvni ool s R I N 437.51f 280,006
Mereer. . oveeeen|vennn. . ves 3.04f 1048 |.... ..} ........ 221,63 141,844
MiddleseX. .oy feueesi]eennnnn, 11.46) 7335 || .. ... 800.49| 192,314
Monmouth . . ... 2.52| 1,612 | 9.30] 56,958 |......ieeeeinns 452.55| 280,625
Morris....o. ..feeeei]ee ciiileene e ..|21.65 | 13,856 | 483.72] 309,581
Ocean ......... 14.34] 9,178 | 48.68] 81,155 | .....[... o....| BB3.23[ 437,268
o7 T A DPUIU BRI PR S IR P 192.69| 123,322
o7 S Y 44.69| 28,602 |...... versenae] 347,97 222,701
b 10T O e e I 305.71| 195,654
BusseX ...viveeefaanans vevs P I LS B i 7,162 | 499.05 310,968
Union ..ovvevnufereenn]ernnnn. 6.04) 4446 |  |........ 104.84| 67,007
Warren ... b eeenea e ..] 9.83 1 6,201 | 843.95| 220,128
Totals.. ...... 80.66' 10,552 1461.62) 205,474 [49.61 | 31,750 [7,576.08'4,840,000
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POPULATION.—The population of the State in 1865 was 773,500, being
102 persons for every square mile. The following tabular statement shows
the population by counties at various periods during the last one hundred
and thirty years. The countics are grouped, so that those which have been
formed last may be near those from which they were taken:

POPULATION OF KEW JERSEY AT DIFFERENT PERIODS.

COUNTIES. i X . . 3 L 3 3 . 1865,
Hergen ....oove- 24,636
Pasanie oo aeeiifeeeneen 34,860
Hudson,... .i... §7,81%
Esaex..... 124,441

14,203

Burlington ... .. i 50,719
Camden couvanr-. . 28,464
Glouncester,...... . T 25,438 20,134
Atlantic,.... .. 5| 11,344
Balem . ...... . 23,162
Cumberland.....[-+z---- .- 8,24 ! 20,233
Cape May....... 1,004 2571 8,066 8,632 4,986 824 3 T 7,625
Total...ooaiies 47,360 li1,403|140,435 184,198 811,949 [ 245,556 2‘1’1,4‘26‘3%,823 273,306 480,655 672,035 713,70

New Jersey was first settled by an agrienltural population, and the way
in which they distributed themselves over the state is well shown in this
table. And in it we have another confirmation of what has often been
remarked, that the geology of a country has the highest influence in deter-
mining its industry and wealth. The following statement of areas, total
population and population per square mile in the several geological districts
of the state, shows this in a strong light. Tt is made for 1865, but a like
comparison may be made for any other of the years given in the table of

population.
TABLE.

GEOLOGICAL FORMATION. AREAS | POPULATION RURAL | RGRAL POT.

{N 8Q. MILES, IN CITIES, | POPULATION. |PER Q. MILE.
Azoic.....oennes e - TTE Jeernnnren .. 40,000 52
Pale0Zoit vocvirvooraonnnrens 692 fasainara e 50,000 5
TFISSIC « o veens o cseenrner 1,548 200,000 210,000 130
Cretaceous . .uu voee serasnrsre 1,401 40,000 .150,000 100
Tertiary.... ... s e aees 3,078 10,000 73,000 24
Totals ..........- . seabeans 7,576 250,000 523,000 69

NEW JERSEY GEOLOGICAL SURVEY




16 INTRODTCTION.

A time might have been taken, before the population of our manufac-
turing towns had grown up to so large a proportion of the whole, but at
any period the result would havo needed modification. We have therefore,
in this computation, omitted the population in cities and towns of 5,000
inhabitants and upwards,

In the Azoic part of the state, Byram Township, in Sussex County, has
40 inhabitants per square mile. Excluding the manufacturing village of
Stanhope, the rate is probably not 20 to a mile. Vernon Township, in the
same county, has 30 ; Pompton Township, in Passaic County, 34; sothat the
range in the mountainous districts is from 20 to 40 per square mile. The
mining interests bring up the average of the Azoic region of Morris County
to 100 per square mile. The range, however, in the purely agricultural
townships is from 20 to 60 persons to one mile of territory.

In the Paleozoic Formation the variation is considerable. Pahaquarry
Township, embracing the northwest slope of the Blue or Kittatinny Moun-
tain, in Warren County, has 30 inhabitants yer square mile.  The limestone
valleys of Warren County are more densely populated. Greenwich Township
has 121 ; Franklin 123, and Washington 123 inhabitants per square 1ile,
Greenwich contains no large villages, and is a fair representative of a rich
limestone country. Franklin Township has Asbury within its limits, and
Washington has the village of Washington. But the villages are more than
offset by the mountains within the township. These figures indicate the
limestone as the most thickly settled formation in the State. On the slate

* outerop, Knowlton, in Warren County, has 61; Hardwick, 44 ; Frankford,

in Sussex County, 52, and Wantage, in the same county, 50 inhabitants to
a square mile. Wantaee Township is almost all underlaid by slate, and is a
dairy district, whereas the limestone valleys of 'Warren County are mostly
devoted to tillage. The average for the slate country is thercfore about 50
per square mile,

Turning to the red shale soils of the Triassic Formation, there is more vari-
ation as we near or recede from the large citics and towns. Somerset County
ranges from 55 in Montgomery Township to 75 in Bedminster. In Iunter-
don the numbers for Kingwood, Readington, and Delaware Townships are
63, 77, and 78 respectively.  Hopewell, in Mercer County, has 71, and
Piscataway, in Middlesex, 68 to a square mile. The average density of
population for Somerset, Middlesex, Mercer and Hunterdon Counties is
therefore about 70 persons to a mile. Thig rate is much increased in Union,
Essex and Bergen Countics, but here the population i largely made up of
people more or less connccted with the business of the adjacent eitics of
New Jersey and New York. The rate for these counties is not, therefore,
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representative of the density of the agricultural population in them. The
average given above more properly represents the Triassic Formation.

The total Triassic population is 265 per square mile. At the rate of 130

to a mile, the population of the state would be nearly a million.
" Holmdel Township, Monmouth County, is purely agricultural,  Its popu-
lation is 97 per square mile. This is one of the best townships in the marl
region. Springfield Township, in Burlington County, has 50 inhabitauts to
onesquare mile; Mannington Township, in Salem County, has 63 per square
mile. Both of these are in the midst of the marl district. The population
of each is alinost entirely agricultural. The three fairly represent the
density of population in the rural districts of the Cretaceous Formation.

In the Tertiary Formation, Manchester, in Ocean County, las only 13
inhabitants to every square mile. Excluding the village of Manchester,
the population of this township per square mile is not over 7 inhabit-
ants. Bass River, in Burlington County, has only 8.6 per gyuare mile ; Ham-
ilton, in Atlantic County, 10. These are inland townships, and very few of
their inhabitants are engaged in manufacturing or commercial enterpriges.
The population of the district of country running across Ocean, Burlington,
Camden, and Atlantic counties, constituting the water-shed of Senthern New
Jersey, docs not exceed fifteen to the square mile. Further southwest, in the
highly cultivated region of Cumberland County, where the miocene marl of
Shiloh enters into the agriculture, we find 60 to a mile. The adjacent
township of Greenwich, with its rich, alluvial soil, sustaing a population of
%0 to the square mile. The townships along the shore, in the tertiary
region, contain 20 to the square mile; and those inland from 7 to 20, while
the marl region ranges from 50 to 100 per mile.

PHYSICAL FEATURES.—New Jerscy occupies a portion of the great
Atlantie slope of the United Btates, and partakes to some extent of the physi-
eal characters which belong to the whole region. The Appalachian chain,
with its broad belt or series of ridges, laps over into the north and northwest
parts of New J ersey, and gives form and character to that part of the state.
The belt of red sandstone, with its trap ridges, which is so prominent a fea-
ture of all the states from Massachusetts to South Carolina, gives character
to the central portion. And, the comparatively level border, with its sandy
goil, and its forests of pine, which fringes the Atlantic coast from New York
to Florida, covers all the lower half of the State.

Mountams.—The ridges of the Appalachian chain in New Jersey way be
grouped in two main ranges—the Dlue or Kittatinny Mountain and the
Highland Range.

3
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The Bive Mountain—This, which is known in New York as the Shaw-
angunk, and in Pennsylvania as the Kittatinny Mountain, is an almost un-
broken ridge from the New York state line to the Delaware Water Gap,
a distance of forty miles. It is the highest ground in the state, being at the
Water Gap 1,479 feet above the level of the sea. At Iigh Point, near the
New York line, it is 1,800 feet high; and it is scarcely less than 1,200 feet
throughout its whole length, except at Culver’s Grap, whicl is 925 feet high ;
and at the Water Gap, where the Delaware bursts through it at an eleva-
tion of 290 feet above mean tide. This mountain ridge is a remarkable
feature of the landscape as seen from the Kittatinny Valley or from the High-
land range beyond.  Its almost level crest is everywhere clothed with forest,
its steep slope brings the fields, trees, and houses on its sides in view ag plain
ns a picture, and the contrast between the wooded crest and upper slope,
and the smooth helds of the lower slope, are ever grateful to the eye. To-
ward the northwest the Kittatinny Mountain slopes off more gently, and rises
again to lower but still considerable ¢levations in one or several parallel but

' subordinate ridges. Nearly the whole surface of these is rocky and wooded,
though the underlying rock being a red sandstone or shale, is subject to dis-
integration and in‘some places is covered with soil that is tillable.

Between the foot of the mountain and the Delaware is a line of rocky
hills of limestone and slate. It rises in irregular knobs and crests to the
height of from 100 to 200 and even 300 feet above the Delaware, and in its
wooded summits, its cultivated slopes and valleys, and its plain though
thriving hushandry continually presents new ebjects of interest and beauty.

Ilighland Range—Unlike the Kittatinny Mountain, this range is com-
posed of a great nmnber of mountain ridges, and while it occupies a belt of
country 22 miles wide on the New York state line and 10 miles wide on the
Delaware, it really includes no long, unbroken ridges, exept the Green-
Pond mountain range; and the subordinate ridges of which it is comyposed
are not really in line with each other, nor are their axes parallel to the dirce-
tion of the main range, but are somewhat oblique to it, so that if the direction
of the range is northeast, that of these ridges would be about north-north.
cast. The effect of thie peculiar arrangement is to make it possible to eross
from one side of the range to the other in a north-northeast direction,
without surmounting any considerable elevation, while it is impossible to
cross it from southeast to northwest without rising over a succession of
steep and high mountain ridges. The road from Clinton up the valley of
the South Branch of ‘the Raritan through German Valley, Flanders, Succa-
suny Plaing, Berkshire and Longwood valleys, and s0 on through West Mil-
ford to Greenwood Lake, and to Monroe on the New York and Erie Railroad,
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is all the way in a valley, although it crosses entirely from the southeast side
of the range to the northwest side. The Ringwood, the Sparta, the Black
River, the Rockaway, and many other valleys, owe their form and direction
to this remarkable feature of these ridges.

Tor ¢onvenience of description the range may be grouped into several
belts, by a division somewhat natural.  If we begin on the northwest bor-
der of the range and at the southwest end near the Delaware, we have for
one belt Marble Mountain, Ragged Ridge, and beyond, Jenny Jump Mt.
The second belt consists of Scotts Monntain, Alamuche Mountain, the Pim-
ple Hills, Pochuck Mountain, and Mounts Adam and Eve in New York. The
Pohatcong Mountain is parallel to Scotts Mountain near the Delaware, and
joins it to run into the Alamuche Mountain. The Musconetcong Mountain,
Schooleys Mountain, Brookland, Hamburg, and Wawayanda Mountains,
form a broad and high range which reaches from the Delaware to the New
York linc and may form a third belt. The Bowling Green, Green Pond, Cop-
peras, and Bearfort mountains, are long, narrow ridges of conglomerate rock,
lying in the midst of this vegion of gneiss, and remarkable for their steep and
rugged sides, and thier unbroken evenness of outline. They constitute a fourth
belt. Fox Hill and the high grounds of Chester, the Mount Hope hills, and
the Macopin Mountains, belong to another serics of ridges. Mine Mountain,
Trowbridge Mountain, Stony-Brook Mountain and the Ramapo Mountain,
form still another series on the southeast border of the belt.

The crests of these mountaing rise from three hundred to six hundred feet
above the valleys, and the highest point that has been tried in the range—
Rutherford’s Will on Hamburg Monntain—is 1,488 feet above the sea. The
range is lowest at the Delaware. Tt gradually rises in elevation towards the
New Yorkline. Thesummit of the ridge near Hampton Junction on the Cen-
tral Railroad is 554 feet above tide.  Scotts Mountain, near Oxford Furnace, 13
1,114 feet above tide. The Musconetcong Mountain near its southwest end is
986 feet above the same level.  The Morris and Essex Railroad summit near
Stanlope is 922 feet. The smnmit near the turnpike, from Berkshire Valley
to Sparta, is 1,200 feet. The summit of the turnpike from Hamburg to
Snufftown, is 1,184 feet. The Wawayanda Mountain, near the New York
line, is 1,430 feet above mean tide. . .

These mountains vary greatly in their surfaces, though all are much
smoother and more rounded in outling than the Kittatinny Mountain, or the
trap ridges of the Red Sandstone. Many of them are covered so decply with
carth or decayed rock that they can be cultivated entirely to their sunmits,
while others are covered with Joose stone or bare rock, and can only be left
in wood, Thero is one remarkable feature to be scen in the greater number
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of these ridges, and that is the very gentle slope with which they sink away
towards the northeast and are lost, while at their sonthwest ends they fall off
very abruptly. This is owing partly to the diluvial agencies which have acted
powerfully over this whole region; but it is chiefly structural and is the re-
sult of the peculiar and inclined folding of the rocks.

The mineral wealth of this mountain region early attracted the attention
of sottlers, and the working of iron mines was begun about 1700; but
the ills, bad roads, and the more or less stony surface, joined to the ynicker
returns of mining, have disconraged agriculture. There are, however, large
districts, in which the rocks have disintegrated rapidly, and which now ghow
a rich and productive soil.  The mountains near the Delaware; along the
New Jersey Central Railroad; a large district between Morristown and
Dover, and the country about Mendham and Chester, arc of this character.
Thongh requiring more capital to ¢lear up, these mountains are making for
themselves & good name, and will gradually be occupied and improved in
sheep-hushandry, dairy-farming, or in arable culture. Some portions are
now second to no others in the state, in agricultnral wealth and development.

The Trap PRidges—The Red Sandstone region of New Jersey, like that
of Massachusetts and Connecticut, as well as those of New York and Penn-
sylvania, is traversed by various and irregularly distributed ridges of trap
rock. These rough, rocky, and wooded ridges are remarkable from their
occurrence in the midst of a rich, highly-cultivated, and productive agricnl- .
tural district. The principal of these ridges are: Sourland Mountain, in
Hunterdon and Somerset Counties ; Rocky Hill, in Somerset ; Round Valley
Mountain, in Hunterdon ; Bergen Hill and Palisade Mountain, in Hudson
amd Bergen Counties, and the First, Sccond, and Third* Mountains which
form the long, narrow, and parallel ridges that rise in Somerset, and run
across Union, Essex, Morris, Passaic, and Bergen Counties. They are rough
in outline, very abrupt in their descent toward the southeast, and gentle in
their slope toward the northwest.

In elevation they vary; some-only just appearing above the surface, while
othcrs rise several hundred feet above the rolling country around them.
ILigh Point in Passaic Comnty is the highest trap ridge in the state, and is
868 feet above tide-water. Pickle’s Mountain, & part of Round Valley
Mountain, is 767 feet above the sea. Goat Hill, at Lambertville, is 491
feet high. The First Mountain is 650 feet high on the Mount Pleasant
turnpike, and the Second Mountain on the same road is 586 feet above the

#* Under this designation are included the several trap ridges known a8 Packanack Mountain,
Towakhow or Ilook Mountain, Riker'a Hill, Long ILill, aud the hills about Bagking Ridge.
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sca. Bergen Hill, at its southwest end is very little above the ordinary
level, but rises gradually till at the New York line it is 480 feet above
the Ifudson River. From the hard and durable rock of which they are
composed, they present a strong contrast to the soft and easily disintegrating
red sandstone in which they occur. And the courses in which they run,
though too intricate for description here, have given direction to all the
lines of communication in the state, and have meodified, to a very large
extent, its development.

The lands on these ridges have been considered of much less value than
those on the plain below, and have consequently been neglected. But as
the country is more resorted to by the business men of the great citics, or
by those who have retired from active life, the advantages these hills afford
for pure air and fine scenery, are beginning to be appreciated.

IENs of South Jersey—The southern half of New Jersoy is character-
ized by the absence of any rocky eminences, or any elevations worthy tho
namec of mountains., Its rounded hills are all earthy and are results of
denudation or erosion. The Navesink Ilighlands, on which the Navesink
light-honses arc located, and which are the first lands seen when coming
from sea, into New York harbor, are about 400 feet high. The series of hills
running off from the ighlands in a southwesterly direction continue about the
same height : Garrett’s or Pigeon Hill being 208 feet, Telegraph Hill 344 feet,
Big Hill 375 fect, Beacon Hill 362 feet, Pine Thill 295 fect, and Red Hill 205
feot above the sea level. These elevations, however, are only a little above the
uniformn height of the whole central portion or backbone of the state, from
Monmouth to Cumberland—ZFreehold being 172 feet above tide; the high
ground between New Egypt and Manchester 182 feet; the summit of the
Raritan and Delaware Bay Railroad, near Whiting’s Station, 187 feet; the
suminit of the Camden and Atlantic Railroad, east of Berlin, 176 feet; and
the summit of the West Jersey Railroad, near Glassboro Station, 158 feet.*

Varreys AND Prains.—While the mountains of a eountry shape its fea-
tures, determine its drainage, and give direction to its roads, railroads and
canals, its valleys and plaing farnish the fields and supply the chief portion
of food for its inhabitanta. '

The Delaware Valley.—~The Delaware river in its course from Car
penter’s Point to the Water Gap, a distance of about forty inileg, runs
nearly parallel to the base of the Kittatinny Mountain. Between the Point
and Walpack Bend the valley varies from one to three miles in width, and

* A table containing the heights abave mean tide, of several hundred places ln the state, will be
found jn the Appendix.
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from the Bend to the Water Gap it is a half imile or less wide. It contains
hills of limestone, and much good land, and affords Lountiful crops to its
owners, while to the traveller it presents a constant succession of pleasing
and in many places beautiful scencry.

The Kittatinny Valley.—The belt of country lying between the Kitta-
tinny and Ilighland ranges is designated by this name. It is a part of that
great Valley of the United States, which extends from Canada to Tennessee,
and which is known in New York as the valley of Lake Champlain and the
Hudson River, and in Pennsylvania and Maryland as the Cumberland
Valley, in Virginia as the Shenandoah and Great Valicys, and in Tennessce
a8 the valley of East Tennessee. It is everywhere noted for its rural heauty
and agricultural wealth. In New Jersey it has a length of 39 niles and an
average breadth of 10 miles. Its surface is not a level plain, but is marked
in the direction of it length by short ridges of Hmestone and slate. These
ridges are of slight elevation and are covered with soil, and throughout the
gummer with the richest verdure. Its elevation is greatest about the centre
of the State, Newton Court House (water-table), being 643 feet above tide,
while the Wallkill, at the New York line, 1s 883 feet, and the Delaware at
Belvidere, 232 feet (low water mark), which is a suflicient fall to give a lively
descent to the streams that water it, and to render thorough and eflicient
drainage casy of application.

ITighland Valleys.—DBetween the subordinate ranges of the Highlands
and in some cases, between its ridges, valleys of greater or less extent are
found, which add beauty to its scenery and wealth to its husbandry. The
valleys of the Pequest, the Pohatcong, and the Musconetcong, which open
to the Delaware, are of this kind. 8o too is the valley of Sparta and Ver-
non, which opens to the Kittatinny Valley in New York. ~German Valley,
on the South Branch of the Raritan River, is almost shut in by the moun-
tains. Succasunny I’laing, on the head waters of the Raritan, lies between
the hills at an elevation of 725 feet above tide water. Towards the north-
cast they extend into Berkshire Valley, Longwood Valley, and the beautiful,
though unnamed valley which stretches onwards to Greenwood Lake and
into New York. Some of the valleys of the Rockaway and its branches,
which lic among rough and wooded hills, are perfectly charming in appear-
ance. :

The Led Sandstone Valley—The Red Sandstone district was once a val-
ley like the Kittatinny. The Highland Range was its northwest border, and
the low ridge of gneiss which lies east of the Hundson River from Peckskill
down into New York City, thence to Staten Island, and so on across New Jer-
sey to Trenton, and into Pennsylvania, was its southeastern horder. The por-
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tion of this ridge lying between Staten Island and Trenton has decayed and
washed away in some of the later geological changes, and its place is now
marked by the white clays of Woodbridge, South Amboy, Washington, and
Trenton. When the sandstone was deposited this valley existed, and it is
casiest now to study its pecunliaritics in view of its origin.  The removal of
onc of its edges leaves it a plain with a moderately undulating surface, and
a few abrupt ridges traversing it.

The most clevated portion of this plain is the high table-land which covers
much of ITunterdon County from the Delaware to the South Branch of the
Raritan and northeast of Flemington, This high ground is from five Lun-
dred to eight hundred feet above mean tide.

The Valley of the Passaic which is almost closed in by the Highlands on
one gide and the Trap ridges of the Iirst, Second, and Third mountaing on
the other sides, is a remarkable feature of this great plain. On the south- -
eastern side and near the trap ridges, it is from 160 to 180 feet above tide,
while along its northwest border and along the Morris Plains it rises to 400
feet. Inaddition to this variation in level it is divided across into three very
plain drainage districts. A banlk of carth or series of drift hills extends from
Morristown southwest of Madison and Chatham, to the end of Long Hill,
forming a very complete watershed between the Great Swamp on the south-
west, and the Whippany and Passaic meadows on the northeast.  Another !
bank of drift extends across the valley from Montville to the Towak-
how or Hook Mountain, at an clevation of 2388 feet, forming a watershed
between the Rockaway and Pompton Rivers.  The beautiful valley extend-
ing from the New York line almost to the Raritan, and having the First
Mountain on the northwest and the Palisades and Bergen Hill on the sonth-
cast, is another feature of this plain.  Some portions of its surface rise to the
height of from one hundred and fifty to two hundred feet, as at Bloomfi¢ld,
Orange, and Scotch Plains, while the tide flows for a long distance across it in
the Hackensack and Passaic. The southeastern border of this plain is the low-
cst part of it, and is the least clevated of any land on the central line of New
Jersey. The Delaware and Raritan Canal crosses the state here without any
deep cuts, and with a summit level only 57 feet above mean tide.

The Southern half of New Jersey seems like a great plain, whieh slopes
gently from its centre towards the Atlantic and the Delaware, and which has
been eroded in the drift period so as to leave rounded hillocks of a few feet in

height, and has been furrowed by the streams of water which give it drain-
age.

Tme Marsnes.—These form a striking feature of the country bordering
the ocean and the tidal waters of New Jersey. They are usually covered
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- with grass and sod, and their upper surface is near the level of high-water,
They arc generally of soft mud underneath the sod, and fregnently so miry
that horses or cattle cannot walk over them. This mud varies from six
inches to thirty feet in depth, and is underlaid by firm gravelly or sandy oil.

“They are susceptible of improvement, and by ditching and banking some of
them have been made very productive. There are along the borders of the
Atlantic and Delaware Bay in our state, 295,474 acres of these marshes.

Rivirs.—The river system of New Jersey is a complicated one, some of

its principal streams, as the Passaic and Raritan, flowing toward every point
of the compass in some parts of their course. The state is, however, well
watercd in all its parts. The abundance of streams renders perfect drain-
age very easy, and their rapid fall gives them great value for their
water power. The Delaware River and Bay receive all the streams
which flow from the western half of the State. Those which are above
Trenton have a southwest course, following the strike of the rocks, while
those below that place run directly down hill in’ the shortest line to the

* river and bay. Those running into the Atlantic south of Sandy Hook, also

run very nearly at right angles to the coast line, the waters following the

line of swiftest descent, which is directly down hill.

The Hudson River, which runs along our eastern border for 28 miles,
receives scarcely a stream from New Jersey. This is owing to the position
and structure of the Palisades, which rise abruptly on the western bank.
The Wallkill and its branches, in Sussex County, empty into the Hudson at
Rondout, in New York. The peculiar position of the Palisades, and other
trap ridges, has caused the rivers of the northeastern part of the state to
pursue gingularly long and crooked courses. The source of the Passaic is,
near Mendham, only 25 miles from its mouth, and yet it runs 80 miles in
passing from one of these points to the other.” The Raritan, from its rise
at Budd’s Lake to its mouth at Perth Amboy, runs 80 miles, though the -
distance between its source and mouth is only 86 miles. No description of
the courses of these streams can give an accurate conception of thczn. For a
full understanding of them reference must be had to the accompanying maps,
and to the geological structure of the country, which in some measure ex-
plains the cause of their extremely crooked courscs. The accompanying
tabular statements of the principal streams and their main branches, with
their lengths and drainage arcas, is a proper supplement to the above
description.
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RIVER S8YSTEM OF NEW JERSEY.

ATLANTIC OCEAN.

Hudson River.

Walikill.

Black Creek.
Wallkill,
Papakating River,

NEWAREK BAY,

Passaic River.

Pompton River,

Passaic River.
Rockaway River,
Whippany River,

Ramapo River.
Ringwood Creck.
Pequannock River

Hackensack River.,

Saddle River.

RARITAN BAY.,

Raritan River.

North Branch,

South Branch,
Millstone River.
Green Brook.
Scuth River,

—~—

Black River,
Lamington River,

Stony Brook.

Staten Island

Rahway River.

Sound.
Sandy Hook |Navesink River.

Bay. Shrewsbury River.
Sluﬂﬁ eItl.lver Shark River.
Ma}l&s&:mn Manasquan River,

Metedeconk River,
Barnegat Bay. |Toms River.
Cedar Creek.
Great Bay. | Little Egg Harhor, or

Mullicos River.

Muliicas River,
Whading River,
Batsto River.

Egg Harbor.

Great Egg Harbor River.

DELAWARE BAY,

DELAWARE RIVER.

Tuckahoe River.

Flat Brook.

Poulinslkiil,

Pequest River.
Pohatcong River.
Musconetcong River,
Assanpink Creck.
Crosswicks Creek.

—~—h

Rancocas Creek,

Cooper's Creele.
Big Timber Creck.
Mantua Creck.
Raccoon Creek,
Oldmant’s Creek.,
Salem Creck.
Alloways Creck.

Big Flat Brook.
Little Fiat Brook.

Nortl: Branch,
South Branch,

Cohansey Creck.

Muurice River.
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RIVER BYBTEM-—CONCLUDED.
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NAME. LENGTH IN REMARKS, DRAINAGE AREA.
MILES. BQUARE MILES,
Black Creek........ 10 [Tothesinte line. .v.vriiiieiiinarannrreonneeoes
Papakating River,.. 15 |To the junction with the Wallkil |27/ 100 00
WALLKILL ....... 25 |Tothestate Hoe,. . .coviiiiviiiiaiisiiaiiisieans 180
RAMAPQ RIVER., 3 |From the state line to the Pomplon............... 40
Riogwood Creek..,, 19 Frnm the siate kine to the Pompton.......... perees 72
Pequannock River.. 40 . 82
Rockawsay River,. 88 165
Whippany River,. 19 59
PASSAIC RIVEK..| 80 500
N From the N. Y. line to the junction with lhe Hack-
Saddle River..... } 18 ensack. . ...... cereterera e ians 57
ITACKENSACK R. 50 From the state line to Newark Bﬂ-)". 132
Lamington River... 25 Including the Black River...c.ovvvcienrennsre vees 135
North HBranch....... 24 85
South Branch..... . 50 280
Millstone River 35 190
Stony Brook....... 20 55
Green Hroek........ 15 63
South River..... 30 132
RARITAN RIVER: 80 1000
RAHWAY RIVER. 232 g2
Navesiok River..... 22 88
SHREWSBURY R.. 10 20
SHARK RIVER.... 11
MANASQUAN R... 29 60
METEDECONKR.. 22 100
TOMS RIVER...... 80
CEDAR CREEK... 20 70
Batsio River....... . 18 0
Wading River....., 28 |Including the East Branch..... . ..ociiiveecvnnns 140
LITTLE EGG HAR’
or MULLICAS R. 42 476
TUCKAIIOE RIV., 26 100
GRFAT EGG HAR.
RIVER ....... e 41 425
Big Flat Brook ..... 14
Little Flat Brook vees 1]
Flat Brook., ' 10 50
Paulinskill.. 38 170
Pequest River....... 30 140
Pohateong Creek, ... 26 50
Musconetcong River. 40 124
Assanpink Creek.... 21 105
Crosswicks Creek,.. 25 115
Raoncoces Creek. ... 32 |locloding thoe North Iranch. 229
Cooper's Creek..... 17 | Including the South lranch,.. it}
Big Timber Creek... 15 Includ:ug the South Brnnch .......... 56
Mantug Creek....... i3 51
Ruceoon Creck...... 20 63
Oldman’s Creek...,. 28 48
Selem Creck........ 84 109
Alloways Creek..... 18 285
DELAWARE RIV..{ 220 100
COILANSEY RIV.. 31 100
Maurice River....... 45 860
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SUMMARY OF DRAINAGE AREAS OF NEW JERSEY,

The Hudson River receives throngh the Wallkill and its tributaries in

New Jersey the drainage of... .. e e e 180 sq. miles.
The Hackensack River drnins. ... vvnieieorrcne conerirrannnranns 130 0«
The Passaic River drains ... ... oo i i it iaraec e 800
The Delaware River draing, ..o cvve vieivvinin sner cieearearanns Lo 2100 ¢
The Maurice Riverdrains. ... ... ovev v PP 360 ¢
The Mullicas or Little Egg Harbor River drains ........o.ovvvennnt 476 0«
The Great Egg Harbor River drains. ... ......ovivaiien coii L "

Total ...ovvunuennnnn. frmrer eeraaaaeieieesaiae aeaees veaanes 4,471 s. miles.

The above named rivers arc the largor streams in the state, draining
about six-tenths of the whole area. The remaining fowr-tenths is drained
by the numerous smaller streams that empty cither directly into the Atlan-
tic Ocean, or into the hays which lic along the coast.

Classified according to the Atlantic and Delaware River and Bay slopes
we have the following result:

The Delaware River and Bay receives the drainageof... ............ 2,850 sq. wiles.

The Atlantic OCenm..v .o it cierer st aer e ansars caeee s 4,546 ¢

Tle Hudson RivVer. ... vve corviiinivn e sisesnneraieians veonens 180 &
Total area of the stafe. ... ..o e iirrriiiiiin ceraiiiaeneen 7,576 sq. miles.

Laxes anp Poxps.—There are no Lakes or Ponds of much size in the mid-
dle and southern portions of the state. In the northwest part, which is
represented on the Azoic and Paleozoic map of the survey, there are many
beautiful sheets of water. .

Lake Hopatcong or Brookiyn Pond, on the top of the Highlands, and 914
foet above mean tide, is five and a half miles long and from one-third to
one and three-quarter miles in width, It is the largest body of fresh water
in the state. It is easily reached by the Morris and Essex Railroad, and is
much resorted to by persons secking pure air, and recreation in fishing, for
swhich it furnishes fine opportunities.

Budd’s Lake is also in the highest part of the Highlands, on the top of
Schooley’s Mountain, and six miles southwest of Lake Topatcong. Tt is
nearly circular and about three and a Lalf miles around. It is a beautiful
sheet of water, and the pleasant roads and other surroundings render it a
delighttul place of resort. The South Branch of the Raritan flows out of it.

Greenwood Lake or Tong Pond is partly in Passale county and partly in
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New York. It is from one-third to one-half mile wide, and seven or cight
miles long. It is much frequented by lovers of fishing. _

Green Pond is a most beautiful sheet of water, sitnated very near the top of
Green-Pond Mountain, and between it and Copperas Mountain. It is about
three miles long and from one-quarter to onc-half mile wide. It receives no
tributaries other than springs and the surface drainage of the cncloging
mountain slopes, and yet it is always full of pure and cloar water. Greon
Pond Brook is its outlet. Tt is 1,044 feet above the sea, and were it more
easy of access it would soon become a favorite place of resort.

There aro many other beantiful shects of wator lying among these hills,
such ag Macopin Pond, in Passaic County; Swartout’s Pond, in Sussex
County, and Culver’s and Long Pond, near Culver’s Gap, in the same
county. Some very pretty ones, like Speedwell Lake, Denmark Pond,
Wawayanda Lake, and Split Rock Pond, have been made by damming the
streams that now flow through them, and there are many other localities
gusceptible of this kind of ornamentation,

Bavs.—In addition to Delaware Bay, Newark Bay, Raritan Bay, and
Sandy Hook Bay, which are well known to every student of geography,
there are considerable bodies of water lying in the tide marshes along
the seashore, which arc known as bays or sounds. They are conneeted with
each other by narrow passages called erecks or thoroughfares, and so com-
Plete is this internal connection, that vessels of light draft can sail from the
mouth of the Metedeconk River to Cape May without going outside the beach.
Beginning at the north, there are Barnegat Bay, Little Ego Harbor, Great
Bay, Little Bay, Grassy Bay, Reed’s Bay, Absceum Bay, Lake’s Bay, Great
Egg Harbor, Peck’s Bay, Ludlam’s Bay, Townsend’s Sound, Stite’s Sound,
Leaming’s Sound, Jenkins’ Sound, Grassy Sound, Richardson’s Sound, Jarvis
Sonnd, and Oape Island Sound. These are of much value to the country
along which they lie, as furnishing an casy and safe communication at all
times. They are also highly prized Loth by the inhabitants and visitors, for
the abundant supply of game, fish and shell fish which they furnish.

CLIMATE.—The climate of a country has much to do with the prosperity,
the comfort, and the health of its people. A geographer of the last century
said of New Jersey that “it cnjoys a happy temperature of climate, and
its air is very healthy and agrees well with all constitutions.” .

Comparisons of salubrity would be: inappropriate here; but astatement of
temperature, winds and rain, which have been recorded in different parts of
the state, will be intercsting and suggestive, and may be productive of much

good to the cultivators of the soil.
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Jan. 24.8|27.3)27.5 91.9/24.8/98.621 7/97.2123.2/28.7/30.0,27.316.0(30.0/24.7|26.7 25.6/26.6(25.7 : W
s | 8| 1 Vs s 1 s s |z} 8|8 |afr| 2| T s | 5
o Feh. 50.9/27.9120.7 85.827.1181.8/34.4(28.7/31.4/36.6 mm.m_ 1 1(80.6(84.9{84.5/83.8 85.0(35.3132.4 »
e} e | e | e | e e | e | | [ —_— [ —_— i |
m sl 6] 10 Huuﬂma_u;_quaup 1| s S
B March. 37.0i87.0(36.7 35.1(85.8/35.6/34.0,25.5136.8 39.4.59.2.84.2141.0l40.2]87.2[39.8 40.9/40.6[57.7 3
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e e ) PN, PR SO S, R R P N SN ME—— [ —— — | — | s | e )
& 36| 1 tlst el adslale | 2] 8|16 2]| 4| - W . =
m July. T7.1177.56|73.8 70.7174.5|74.8:73,0l76.0774 .2 qu.a_qm.w 70.5]76.58173.2:76.3(75.0 " 74.5|74.7(74.8 W
2 3| 6| 1 1| 5 | o1 s afslels| 116 s]a T 4| 2 Exclusive of
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December.  (30.9/83.0(50.7)29.0/50.8[30,836.530.9(32.4/88.8 mm.o_E.u 53.2(33.4/84 5(21.7/80.7 34.1(30.2{81.0]84 ¢ 80.8] “Sergeantville.
Mean for Years.l51.2/50.8l50.2 50.1140.83'53.0]  30.5051.1'84.4'51.1!51.2052.3'50. gl50.0l52.4| ¢ 52.5 51.4! * Incomplete.
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The above table gives the observations of temperature at, the places
named ; showing the monthly and yearly. mean at each place, and the month-
ly and yearly mean of the state as represented by them ; also the number of
years during which the observations were continued.  For fuller details the
reader is referred to the Appendix and Meteorological Observations.®

Tt is well known that strawberrics ripen from ten days to two weeks
carlier in the southern counties than in the northern, although the mean
temperature of the spring months is only three or four degrees higher. Our
carly corn is brought from Burlington and countics south of it, some two
wecks earlier than can be raised in the central or northern portion of the
state, and we see that the minimum temperature for April, May and June,
is from four to cight degrees higher in the former than in the latter. Early
potatoes arc raised in sheltered spots by some of our farmers, so as to be fit
for market by the middle of Junc, and to compete successfully with those
from Norfolk. This can need but a very slight variation of temperature—
five or six degrecs at most—or it would scarcely be under the control of the
farmer. The melons, swect potlatoes and other semi-tropical products, which
are raised in perfection in the southern and middle counties, and are scarcely
attempted in the extremo northern oncs, owe their exeellence to a mean
summer temperature not more than three or four degrees higher than is
obgerved in the northern part of the state. The study of these tempera-
turcs with the modifying;inﬂuenees of bodies of water, screcns of trees,
bushes or evergreens, has only just begun, but it is'a promising field of inves-
tigation, and will yet yield valuable results.

The temperature of places which are near the sea is not near so variable
as that of those which are further from such influences. Compare the obser-
vations of Greenwich in Cumberland, or Semﬁllq in Cape May, with those of
Lambertville in Hunterdon, or with those of Goghen, just heyond the north
line of the state, and it will be very plain that the extremes of cold in winter
and of heat in summer, are greater in the latter than in the former—and
that though the summer heat is not so intense near the sea, yet the mild
weather begins earlier in the spring and continues later in the fall.

* Metcorologicnl stations for observing the thermometer, barometer, clouds, winds, rain,
snow, and moisture of the atmosphere, have been established in many places in the United States
*and Territories, where observations are made and recorded three times a day, viz: at 7 A, M., 2 .
M., and 9 P. M., and copics of these are sent every month to the Department of Agriculture, forthe
Smithsonian Institution. Twolarge volumes of the obscrvatlons made in the years 185459, have
been printed for the Institution. At present a monthiy abstract is prepared by the Institution, and
published by the Department of Agticulture in their Monthly Bulletin, and scnt to parts of the country.
The tables in the Appendix bave been mostly. prepared from these publications, though we have
also received additional particulars from W, A, Whitchend, of Newnrk,who hos kept a daily register
of the weather for twenty-five yeors past.
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The study of the rain fall is curious, as showing how uniformly the rain
is distributed thronghout the year—and, that while extremes are occasionally
observed, the balance is maintained in the different months and years with
wonderful regnlarity. The amount of rain at different stations varies—
partly, perhaps, with the summer showers, which are extremely variable and
limited in extent, but in cases like Paterson or Trenton, where the rain fall
is larger than the average, there must be some cause peculiar to the locality.

For full particulars of the rain fall in various parts of the State, the
reader is referred to the Appendix. The following table gives & few of the
results, and is inserted here to illustrate the, general statements made above:
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TABLE.

Mcan monthly and annual fall of rain and melted snow in inches, for years 186467
inclusive—at Paterson, Newark, New Brunswick, Burlington, Haddonficld and Green-

wich :
-
g 4
E . A . B 5
ay . z g é E E§
MONTHS. 7 , g B 3 e
2 i = 2 B E [ 8%
-3 ] ﬁ o -4
5B < 8 a ¥i I
& E B g & 4 g9
s | E | BB A % |4
_ 1 8 5 7
JANUARY Lttt inn i vannviennr vanas 1 2.6 2.46( 1.74] 2.211 2.59] 2.61] 2.88
T ' 3 7
FEDRUARY o.@vvcvnennnnnnnnnnnens 4,33 4.02| s8.84] 4.33' 3.17 4.39] 3.89
MARCE Juvvvarnnnrs vennannns vereo 4,68 8.56( 2,96y 3.56) 4.24] 3.64] 3.77
[}
APRIL tov o oircvnnnneivanannnnas 8.87 3.10] 2.77| 8.25] 2.52) 2.24| 2.51
4
MAY & ovvnrnnrnnnnnns vees 6.53] 5.49/ 5.74| 6.32| 6.69] 5.20] 5.99
1
JUNE ¢ v v mamssturnocanaearaneinss 6.76| 4.41] 4.20| 4.66 3.98] 2.65| 4.46
1
JULY ettt vreivanannetonne venans +| 6.54] 4.02] 4.31 3.17] 2.88( 2.42] 3.80
: -
AUGUST ... ........ et v weans T.84) 5.78| 5.43[ 5.11) 6.15] 4.07) 5.64
1 ]
BEPTEMBER 4\ 0r tove cenrnnnnnnrnns 3.74] 8.65| 8.19 4.00| 5.83 4.08) 4.08
1 .
OCTOBER. .. ..v.vevinvens seevesed) 4,92 3,99 3.85 3.87 3.14; 2.00| 3.73
1
NOVEMEER ... .0vveununsnnsn veeennt 3,83 2.820 3.04| 3.27 3.08 2.38 3.02
DECEMBER .. vtrvrnnnnnnrnnnronns 3.23; 3.562| 3.7 3.04| 4.45) 3.01| 3.064
-
TOTALS OR MEAN FOR THE YEAR. .. 57.86) 406,82) 44.88] 47.691 48.71] 89.29
1. Months for 1864 wanting.
2. February 1867 wanting,
3. Months for 1864 wanting,
4. May 1865 wanting,
5. fanuory 1864 wanting,
6. April 1866 wanting.
7. January and Februnry 1864 wonting,
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GEOLOGICAL DESCRIPTIO.N.

Within the boundaries of New Jersey rocks are found representing
nearly all the periods of Geological History, from the earliest to the nost
recent. The only important member of the series wanting is the Coal or-
mation. To give the formations that occur in this State, and to show tle
order of their succession is the main purpose of this chapter.

Rocks have been deseribed under various systems of classification, accord-
ing to the theories or objects of different writers. This, however, does not
indicate any difference of opinion in regard to the order in ‘which the rocks
succeed cach other, as will be seen from the following tabular exhibition of
the different rock formations, and several systems of classification which
have been applied to them as seen in Figure 1:

The first column shows the classification adopted by the early writers on
ceology. Tt was in aecordance with the hypothesis then accepted. It
assumes that the rocks were deposited in successive layers, primitive being
the lowest, and so on in sunceession. The common way of distinguishing
them was to call all the crystalline rocks containing no fossils, Primitive;
the semi-crystalline, but fossiliferous, Transition ; the fossiliferous and non-
erystalline, Secondary; and the fossiliferous, earthy or but partially petritied,
Tertiary. These terms are not now used in scientific geology, but having
become the common property of the English language, it is of importance
to know their significance,

The second column has the same divisions of rocks as the first, but the
names adopted are in accordance with the conclusions of paleontology.
These conclusions are that during the Primitive period there was no animal
or vegetable life on the globe ; this was the Azoic period ; during the Tran-
sition period the forms of .mlma,l life were quite unlike those now in exist-
ence; this was the Paleozoic period ; during the Secondary period the forms
of animal lifc were partly like those of the preceding period and partly like
those of the present time; this was the Mesozoic period ; whilst throughout
the Tertiary the forms of animal life were, in their generie characters, like
those of the present; this was the Cenozoic period. These terms are in
common use among geologists, and their significancy is well understood:

The third column shows the clagsification and names used in accordance

5
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Frc. 1.

SYSTEMS OF GEOLOGICAL CLASSIFICATION.

' 8

12]s| 4 5 [ 6 i
-, = —
Y P e N TN e T
B £ &2 | Tertiary. Drift, Post Pliocene. EAIE N B Drift.
] — DRI N
- {*] X, I T Ix
L 3 , Pliocone. Marly Snnla
& g E| Tertiary, Plastic Clays. Miocene. and Clags.
©la Eocene, Upper Marl Bed.
U. Cretaceaus, 21 Miadlo Mar] Bed.
Cretaceous, M. Cretaceous Lower Marl Bed.
6 lg L. Crotaccous. Flustic Clays.
. o
i < Wealden.
1HP
§ g ,5 Jurassic, Oolite. {Wanting.)
81|32
woEy g Lias.
. o
. Keuper.
"1“5‘““‘}?3’ Mesozole
sm‘,’,‘i‘;tofm_ Red Snndstono, | Muschelkalk, Triaselc.
Bontar Sandstein,
Permian, Permian, (Wanting.)
&
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[ o Scral, 5
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§ g = (Wanting.)
o~ = e
-] ] Tmbral, -
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Suh-
Vesportine. | oy i ferous, (5 (Wanting.)
) Panent. Catskill. M (Wanting.)
. ai. qg‘ Vergent. Chemuang. {Wanting.)
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dlel|® ag
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< o Fost Meridlan.| Corniferous. Corniferons,
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Scalent Water Lime. ‘Water Lime,
. i Salloa. (Wanting.)
E . Surgent.
:5; g — Niagara, Niagara.
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e w | Matinar, Hudson, Hudson,
< ) Trenton Fosalliferona.
: Aunrcral. i
Magnesian,
§ Trlmual. Potsdam, Potadam.
; | & g Crystalline
g 5 ‘g. chiats. Taconlc or |
E S Huronian,
E 'g g Azol Azoie.
2 ‘Z‘ ale. Laurentlan,
=
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with the theory that Geology is a History of the successive forms of life
which have been introduced upon the earth. The earliest abundant form
of life was that of Mollusks or shell-fish; in the sccond period Fishes were
the highest and characteristic form of life; in the third, Land Plants flour-
ished to an oxtent never known before or since; in the fonrth, Feptiles, cold-
blooded, air-breathing vertebrates were the highest and characteristic_form
of life; the fifth period is that of Mammals, warm-blooded, viviparous quad-
rupeds, in which the present higher forms of life were introduced upon the
carth; the sixth is the Human Period, and includes the time since man was
placed npon the earth. The terms here used are generally accepted.

The fourth column gives a greater sub-division and names which are
intended to he alnost free from any theoretical significance. It represents
the conclusions of geologists who have studied rocks in their stratigraphical
rclations, and have then given them arbitrary names, from their localities,
mineral composition or other circumstances. Metamorphie is the term applied
to crystalline rocks which are stratified. Silurian was first applicd to the
rocks of Silurin.  Devonian was first applied to the rocks of Devonshire, in
England.  Carboniferous is applied to the rocks’ containing the great coal
beds. Permian to the rocks of the district of Perm, in Russia.  Trzassic is
the name for a series of three kinds of rock. Jurassic from Mt. Jura, in
Switzerland.  Cretaceous from containing chalk. Zertiary is adopted from
the older clussification. Post Tertiary since the Tertiary. These names
Liave been transferred from original localitics to equivalent rocks in all parts
of the world. Though intended to be without significancy, they convey
almost exactly the same ideas as those in the last column,

The fifth column follows the classification of the last, and in addition gives
the subdivisions and names adopted by Prof. Henry D. Rogers, State Geolo-
gist of Pennsylvania. “The terms are significant of the different natural
periods intowhiclt the day divides itself from earliest dawn to latest twilight,
and which are metaphorically expressive of the relative dates of produe-
tion of the several formations.” The terms mean Dawn, Daybreak, Morn-
ing, Snnrise, Ascending Day, High Morning, Forenoon, Noon, Afternoon,
Waning Day, Descending Day, Sunset, Evening, Dusk and Nightfall. This
series of names is not likely to be adopted, notwithstanding the brilliant
talents, industry and high reputation of the author. Tt is given here because
the rocks of Pennsylvanin run across the Delaware and appear in New
Jersey. An inspection of the section shows the relation of this series to
Qur 0wIL

In tho sixth column the Paleozoic portion shows what is ealled the New
York System. The Geologists of that State found their Silurian and Devon-
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Fia. 2.
MESOZOIC AND CENOZOIC SECTION.
Gealogleal [ moreign Equivalents. Bection. N. J. Berics,
i i o
Post Tertiary Post Plioceng, ) mv d::mn_::o'.'a'-_a
Pllocem_s. Glass Sand.
l:-‘" Marla and Clays.
z! * Mi .
5 oeene White Sand.
3]
Astringent Clays.
Locene, Upper Marl Bed,
Yellow SBand.
Maestrichi Beds,
§ o Middls Marl Bed.
Upper White Chalk. Red Sand.
Lowcr Marl Bed.
s I;)wcr_Whitc Challe, Laminated Sonds.
§
]
o .
2
© Clay Marls,

Upper Green-pand,

Gau]t..
Lignite Beda,

Lower Green-sand.

—c Plastic Clays.
Kgnpcr_._ Co_nglon;cmtcn.
Maachellalk, Shales.»
&
2
=
5]
2]
Red Sandstono
and Trap.
Bunter Bandstein:
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. Fia. 3.
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ian rocks largely doveloped and also that many characteristic and well
defined subordinate formations were distingnishable in them. To deseribe
these layers they gave local names to them, generally using the names of
places where they were best exhibited. These names need no explanation: .
They have been extensively adopted in American geology, and they will
probably be continued to be used for a long time to come. The upper part
of the geries is completed by inserting the names generally received among
geologists at this time.

The seventh i a columnar section, in which limestone, sandstone, shale and
crystalline and igneous rocks arc shown by peculiar marks indicating struc-
ture. The conventional meaning of these is scen in the two succeeding
scctions, and a reference to them is better than any description.

) The eighth column shows the series of geological formations found in
New Jersey; and also what members are wanting. While each of these
several columns has a kind of completeness for itself, their positions side by
side, and of the same length, show that they all cover the whole period of
geological time, and the horizontal lines which are drawn across the colwnns
subdivide this whole into subordinate periods or epochs, and those which lie
between the same lines are of the same date, i. e., are equivalent in age.

Figures 2 and 3 arc drawn upon a larger scale than the preceding,
g0 as to show the subdivisions of the different formations, and also to give
an approximation to their comparative thicknesses.

In speaking of the geological series of rocks, most geologists have begun
at the lowest or earliest formation and procceded in order to those which
were highest or latest i the series.  We follow this order, placing the Azoic
and Paleozoic section first, and then the Mesozoic and Cenozoic. In the
column of New Jersey formations the subdivisions arc carried out muel
‘more fully than in the other scetion.  The names, as far as possible, are those
of the New York system, and when new ones have been inserted, they are
such as can be easily understood. The only change we have ventured to
make, is in the Paleozoic to change the names Calciferous Sandrock to Mag-
nesian Limestone, and Trenton to Fossiliferous Limestene.

The outcrops of these several formations will be shown in detail upon the
large maps. The accompanying small map, Figure 4, shows the portions of
New Jersey which are occupied by the Azoie, Paleozoie, Triassic, Creta-
ceous and Tertiary Formations. DBy a system of markings these formations
are easily distinguished from each other, and .a glance of the eye will
impress them npon the memory.

Themap Figure 4 is drawn upon a scale of 20 miles to aninch. It ghows
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from the New York line to the Delaware River. The southeastern parts
of Sussex and Warren Counnties; almost all the northern and western parts
of Passaic; a strip on the west border of Bergen; the northwestern portion
and three-fourths of the area of Morris; most of Bernard township in
Somerset County, and a small area across the north end of Hunterdon County,
are undertaid by rocks of this age. The Highland Range of mountains
marks the extent of this formation. Some of the included valleys between
the mountain ranges contain rocks of the Palezoic age.

Tur Pavezow Foraations oceupy the northwestern portions of Sussex
and Warren Counties, the Green Pond Mountaing in Passaic and Morris
Counties and the limestone valley of the South Branch, in Morris and Hun-
terdon Counties.

Tun Triassic o Ren Saxpgrone Fomrarion, occupies the belt of country
which crosees the state from .HOI‘tilCaSt to southwest, adjoining the High-
land Range on the southeast,  Almost the whole of Bergen, half of Passaic
all of Essex and Union, a part of Morris, most of Somerset and Hunterdon,
and considerable portions of Middlesex and Mercer Counties are of this
geological age. Its southeast border is nearly on a straight line between
Jersey City and Trenton.

Tur Creraceovs Formaron is found immediately southeast of the Red
Sandstone, in a long and narrow strip that reaches from Raritan and Sandy
Hook Bays to the head of Delaware Bay near Salem.  Parts of Middlesex,
Mercel‘,‘ Monmouth, Ocean, Burlington, Camden, Gloucester and Salemn
Countics arc of this Geologienl period.

Tue Terriarvy axp Recext Formatioxs are almost entirely limited to the
southern part of the state, below the Cretaceous. They cover the Counties
of Atlantie¢, Cumberland and Cape May, and most of Ocean.  Burlington,
Camnden, Gloucester and Salem are partly oceupied by thew, and alzo a
small portion of Monmouth.

Of these five divisions the Azoic and Palezoic run into each other so as to
require a single map for their surtace delineation.  The other three are so
entirely distinet from one another that they can easily be drawn inseparate
maps.  And the work has been thus done. The general maps are on o
geale of two wiles to an ineli.  Their titles are:

Azore axp Pavezorc Foryations ; INcrumye e Irox-or1 AND LnrestoNe
DISTRICTS.

Triassic Foxsaros : Incrupixe tur Rep Saxpsrone axn Trar Rooks or
New Jursny.

Crerackous Formaron:  Ixcrumixe roe Greix Saxp Manrn Brps.

TERTIARY AND RECENT FoRMATIONS OF SoUuTHERN NEW JERSEY,
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The Grorocy of these tive formations will be given in separate divisions
each formation having its geographical boundaries, its geological structure,
its rocks and minerals, and the geology of its surface and soils, given in or-
der.  This will furm the subject of Purt 1.

The Georocicar, History of these formations with matters relating to
their origin and the changes they have undergone, will be the subject of
Part TI.

The uses of the rocks, ores, minerals, &c. of the state, or FEconoaic Grovo-
av will be treated of in Part 111,

The Arrrxvix will contain tables of latitude and longitude ; of heights of
scveral hundred places above the sea level 5 of meteorological observations ;
catalogues of the vertebrate animals of the state ; of the fossils which have
been described ; of the minerals found within our horder ; and a list of local-
ities, for the use of students of geology.

A Grossary of geological and other technical terms used in this Report
will close the work.
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PART I

DETAILED GEOLOGY.

DIVISION L
AZOIC FORMATION.

CHAPTER I.
AGE AND GEOGRAPHICAL EXTENT.

Uspgr this division are included the gneiss rocks, the erystalline limestone,
and the beds of magnetic iron-ore. There has been some uncertainty in
many minds, in relation to the age of these rocks, it being thought that
they were of the same age with the Blue or Magnesian Limestone, only
changed by metamorphie action, and that the passage from one to the other
was a gradual one. Professor Rogers in his Final Report on the Geology
of New Jersey, pp. 61-80 under the head of “ Igneous Rocks connected with
Formation I1,” discusses “ the changes induced upon the ¢ Blue’ Fdmnestone
by igneous action,” and agsumes that all the white or ¢rystalline limestones
are made from the Blue Limestones by the action of heat which has been
applied by the ageney of dikes of granite.  He also states, on p. 21, that the
beds of iron and zine-ore, © are unequivocally genuine lodes or veing,” and that
they are filled with “injected matter.” Therc was, however, no uncertainty in
his views or words regarding the age of the gneiss.  He, everywhere in the
New Jersey Report, culls it primitive rock, and discriminates clearly be-
tween it and the limestone and metallic ores,—and no better illustration has
been published of the difference in age of the gneiss and blue limestone than
that on p. 100 of the first volume of his Geology of Pennsylvania. In re-
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gard to the erystalline limestones he was mistaken.  They are everywhere
conformable to the gneiss and interstratified with it. His mistake is acknowl-
cdged by his former assistant, J. P. Lesley, in the American Journal of
Science, vol. 89, p. 221, The true position and identity in age of the crystal-
line limestone and gneiss, was proved by Van Nuxem and Keating, in the
Journal of the Academy of Natural Sciences, in 1822, and this view has been
sustained by all the observations of Dr. Kitchell and his assistants, and can
casily be verified by any one who will visit the localities cited in this Re-
port.

The question upon the origin of iron ores has been much discussed and
there are still those who agree with Professor Rogers in considering them to
be of igneous origin, but the majority of geologists now think them to be
true beds, whicl were deposited as sediments, in the same way as the mate-
rial for the gneiss rock.  This view is the only one consistent with the facts
observed during the present survey, and these facts will be presented in fuil
as the report progresses.

Bouxnaxizs.—For the convenience of geographical description, the Azoic
Formation may be divided into four parallel belts, crossing the state from the
New York line to the Delaware River in a northeast and southwest direction.
The southeastern includes the several ridges east of Greenwood Lake, the
ranges of Green-Pond Mountain rock, Suecasunny Plains, German Valley,
and the South Branch of the Raritan River. The second belt includes the Wa,
wayanda, Iamburg, Wallkill, Brookland, Schooleys, and Musconetcong
Mountains, which lie northwest of the above-described line. The third
belt consists of the Pochuck Mountain, Pimple Hills, Alamuche Mountains,
and Pohatcong Mountain, The fourth or northwest belt, comprises within
its limits the Jenny Jump, Scotts and Marble Mountains. These helts are
scparated from one another by valleys or depressions in the surface which
are marked features of the country.  Puleozic rocks oceupy most of these
valleys. Thus the first and sccond belts are separated by a continunos
depression from Clinton to the New York line, which is filled throngli most of
its length by limestones and the Green-Pond Mountain rocks. The Mus-
coneteong and Roseville valleys, separate the sccond and third belts, from
the Delaware River half across the state, and the Sparta and Vernon val-
leys lie Dbetween them from there on to the state line.  Between the north-
west and the third belt the Pequest and Pohateong Valleys intervene, ex-
cept near Vienna where the Scotts and Alamuche Mountains seem to be con.
nected.  Two of these belts terminate in this state, the southwest end of the
first terminating at Clinton and with Mine Mountain near Peapack. The
third ends in Orange County, New York, a few miles beyond the state line.
The second dies out near Newburgh.

-
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Tirst or Southeastern Belt. Beginning at the state line near Sufferns, the boundary line
hag been drawn down the valley of the Ramapo, between the foot of the Ramapo Moun-
tain and river, to the Pequannock River near the Bloomingdale road. - Throughout
this distance the gneiss slope of the mountain is Lordered by low, rounded drift knolls
andt the alluvial deposits of the valley. On the enst the recky trap ridges appear at
several points.  In a boring on Abram Garrison’s lands, a few rods west of the river, the
redl shinle hias been found lying upon the Azoic rocks, It is also seen near Pompton Fur-
nace. The two rocks have not been seencin close contact anywhere clse along this valley.

Crossing into Morris County, the east boundary of the gneiss is not clearly marked by
nny natural features, exeepting as this rock is known to constitute the mountaing that
overlook the valleys cast of them.  This southeastern border of the Highlands is bounded
by smooth drift hills and level valleys or plains which cover up the red shale and sand-
stone that is supposed to lap on the gneiss. The line is represented as following the
western border of Pompton Plains, west of Jacksonville, and thence by Montville to
Boonton. At Montville a conglomerate of the Triassic age crops out close to the gneiss.
At Boonton the gneiss appears, the red sandstone occurring cast of it, along the Pequan-
nock River. Thence to Morristown the line runs west of Parsippany, Littleton and
Morris Plains, to Johnson's mill; down the mill stream to the next point, thence south-
west, along the road to the Whippany River, which is the boundary from there to Speed-
well. Here it turns to the south, and its course is west of the road to Morristown.
Gnciss crops out on the west of the above deseribed line, but no rock is seen in place near
it on the east. The most easterly exposure of the gneiss is therefore assumed as the
dividing line between it and the Triassic Formation, which is here covered by drift.  South-
west of Morristown the line follows the base of Mts, Washington and Kimble of the
Trowbridge Mountain Range, very nearly coinciding with the road to Bernardsville, gen-
erally a few rods southeast of it. It crosses the Passaic River near Yon Dorn’s mills, and
rung thence nearly straight to Bernardsville From the latter place it follows Mine
Brock for one mile, after which on a west course it goes to the North Branch of the Rari-
tan, In this valley of Mine Brook shale appears at frequent intervals, while on the south
is the trap, and on the other side the goeiss of Mine Mountain. From the Nortl Branch
the line runs a northwest course to Peapack. The limestone of Peapack sends a spur
from the main body of the rock in a northeast direction to the North Branch, which the
gneiss boundary passes nround. It then skirts the east side of the village and crosses the
road leading to Meodham near the grist mill. Keeping west of this road it passes
Roxiticus and so up a small valley nearly to the Mendham and Dover road. Curving
around the end of this narrow hand of limestone it then runs a secuthwest course across
Burnett Brook and the Chester road, and follows down o valley west of Mt, Paul to the
Peapack limestone, Traced around the south end of Long Hill, it interseets the road to
Chester about one and a half miles north of Peapack, and then pursues a W, 5. W, and
8. W. direction to the Lamington River, at Pottersville.

From Peapack to Roxiticus the magnesian limestone is the bounding rock. Mt. Paul
is of Potadam Sandstone. Southeast of Long Hill the gneiss is again bordered by lime-
stone. Between the Chester road and Pottersville the Trinssic rocks overlap on the gneiss,
West of the Lamington River the line of gneiss and red shale has a southwest course
along the foot of the mountain as far os the New Germantown and Fairmount road,
beyond which it pursucs a west course to the North Rockaway Creek, passing north of
Silver Hill and nlong the road by Melick’s limestone quarry. Following the south and
southeast border of the mountain, the line crosses the Lebanonville and Clinton (old
Baston) turnpike about o half mile west of the former place. The calcareous conglom-
erate adjoins the gneiss north of New Germantown, northeast of Lebanon, nnd again, near
the North Rockaway Creek, west of Silver Till. The latter trap hilt is separated from
the gneiss of Fox Hill by a narrow depression where no rock is seen in place. Between
Clinton and Lebanon a peninsula of gneiss extends southward to the mouth of the Round
Valley, surrounded by the rocks of the Paleozoic Age. Its boundary south of the Central
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Railroad runs southeasterly, across the road from Lebanon to Hoffman’s Mills, around its
eastern extremity, and then west, gradually assuming a N. W. course—parallcl to the
Clinton Station and Allerville road, until it again strikes the railroad southenst of the
former place. Rounding the head of n small valley east of Clinton Station, the line then
crosses the railroad, and runs south of the last mentioned village—on a west and after-
wards on a northwest course Lo the South Branch of the Raritan, about one mile north-
cast of Clinton. 'West of Round Valley and north of Sharp’s Mllls. this line is that of
division between the gneiss and Potsdam Sandstone. Thence to Clinton Station end on
to the North Branch, except ut two short intervals, the limestone edjoins the gneiss. No-
where, however, are the rocks scen in immediate juxtaposition. Drift and soil hide the
ling of contact. Generally the rocks are to be found in place not far from the deseribed
line.

The northwest border of this belt is not so marked in its natural features, Beginning
at the southwest, where we left off in the description of the southern boundary, the nar-
row stream-valley of the South Branch separates it from the second belt as far as Cali-
fornia, where the broader boundary-valley beging which continues thence to the state
line. Thelimestone of German Valley bounds the gneiss from the most southern outcrop
of the latter, to-Sharp’s Mills, one mile northeast of Naughtrightville. This line of
division runs slong the northwest foot of Fox Hill throughout that distance. North of
the limestone the drift of the valley borders the gneiss, by Bartleyville, east of Flanders
and east of Succasunny Plains, to the Rockaway River near Baker's Mills. North of the
Rockaway the valley of Green Pond Brook borders the gneiss nearly to Denmark Forge,
scparating it from the conglomerate of Green Pond Mountain and the limestones of
Middle Forge. West of Denmark o spur of gneiss extends up the narrow valley between
the Copperas and Green Pond Mountains, quite to Green Pond. A fuller description of
its limits will be given in the chapter on Potsdam Sandstone, From Denmark north to
the Pequannock River, and thence in Passaic County to West Milford, a valley separates
the Highlands on the east from the Eonglmnemtc ranges of Copperas and Kanouse Moun-
tain, although the dividing line between the two rocks runs upon the eastern slope of
these ranges. Beyond West Milford the drift of the valley bounds the gneiss to Grecn-
wood Lake, which is thence to the state line the western boundary of this belt,

Seeond Belt. The castern boundary of this belt has the same general direction, and
lies on the west side of the same continuous valley as the houndary just described. The
following detailed delineation is given : Starting at the state line, where the Long House
Creek crosses info New York, the boundary runs up the valley east of the stream, ncross
the road to Weat Milford, a little enst of Greenwood, and then along the valley west of
Bearfort or Rough Mountaip, to the Dunker Pond outlet, which coincides with its route
thence to the Pequannock River. Throughout Passaic County the gneies forms the moun-
tain west of the line, while on the cast is the conglomerate of Bearfort Mountain, the
two formations being separated Ly marked natural features. In Morris County the
boundary of this belt pursues o southwest course on the west side of the valiey to Russia.
From this point the gneiss is bounded by conglomernte, and the line of separation runs
southwesterly in a direct line west of Milton and the Bowling Green Mountain to the
head of the Weldon Brook. Thence it runs across this mountain to the Longwood Val-
ley. Resuming the southwest cottrse, it follows on the west side of the valley of the
Rockawny to the Mcrris and Essex Railroad near the Drakesville Station. Between
Longwood and the Morris and Essex Railroad the drift of the valley may cover gneiss.
The line continucs its southwest course passing cast of Drakesville, through Flanders and
Bartleyville, and g0 along the west side of German Valley to the end of the limestone
tract, one mile southwest of California. Thence to the end of the belt the South Branch
is thc assumed houndary. At Drakesville the conglomerate abuts against the gneiss.
The drift of the valley hounds it thence to the German Valley limestone. The details of
the line northwest of German Valley will be found under the head of magnesian lime-
stone. The line pursues a northwest course to the Spruce Run near the mouth of Will-
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oughby Run, abont two and a half miles north of Clinton, Tuming to the west-south-
west, it then passes close to Union Farms, Van Syckles, Patenburg, north of Little York
and 8pring Mills, through Amsterdam to Johnsen's Ferry, on the Delaware. The road
between Spring Mills and Jolinson’s Ferry is approximately the correct southern boundary
of this belt, following as it does in the valley between the gneiss and quartzite of
Gravel Hill, and the limestone at Amsterdam and Jobnson’s Forry.  Along the Delaware
the river plain covers the end of the range, although the gneiss reappears in the river,
showing a connection with the same rock in the mountain south of Durham, in Pennsyl-
vunia.

The northwestern boundary of the second belt runs through the Musconeteong, Rose.
ville, Sparts and Vernon Valleys, Beginning at the southwest end, the line of gneiss
and limestone pursues a course parallel to the Musconetcong River to the end of thia
limestone tract, abous half a miie above Eughesville. For this distance it is about a
quarter of o mile south of the river. Between Hughesville and Bloomsbury the Muscone-
tcong flows through o rocky gorge, with gneiss on either hand in the steep mountain sides,
The gneiss of the seeond and third belts is here separated by the river only. The
magnesian limestone reappears about one mile southwest of Bloomsbury and bounds the
gneiss of the Musconcteong and Schooley’s Mountains nearly to Waterloo in Sussex
County; the limestone occupying the valley, und the gneiss forming the mountaing, so that
the boundary of the belt may be said to coincide with the foot of these mountains, or the
eastern border of the Musconetcong Valley. For the details of this line the reader is
referred to the boundary of the magnesian limestone of this valley as deseribed in the
chapter on Magnesian Limestone. Following the Musconetcong River to Andover, the
line leaves the tiver and runs up the valley te Roseville and Columbia, and then crosses
the water-gshed between the Musconetcong and Wallkill, and runs thence in the 8parta and
Vernon Valleys to the New York Hne. Between Sparts and Columbia these two belts
seem to coalesce, there being no marked natural division between them, The division is
here, therefore, arbitrary. North and south from this water-shed or connecting link, the
separation is a natural one, Keeping east of Sparta and Ogdensburg, slong the foot of
the Wallkill Mountains, the boundary line meets the Snufftown road cast of Franklin
Furnace, andd then continues on u north and afterwards a northeast course, about a half
mile southeast of Hardystenville, by the Edsall Mine, to the southern cnd of the blue
limestone of the Vernon Valley. Limestone bounds the gneiss on a ling coinciding closely
with the road as far as the village of Vernon, and then along the foot of the Wawayanda
Mountain to the state line—a few rods cast of the New Milford road. A more detailed
description of this boundary of the gneiss will be found in the chapter on Magnesian
Limestone, and also in the deseription of the crystalline limestone of Vernon.

Third Belt. This belt of the Azoie Formation consists of two detached ranges of
gueiss, the Pochuck Mountain on the northeast and the Pimple Hills, Alamuche and
Pohatecong Mountains on the southwest, connected east of Hamburg by the crystalline
limestone of the Vernon and Sparta Valleys. The eastern boundary line of this belt
coincides with that of the erystalline limestone from the New York line fo the end of
Sterling Hill, near Ogdensburg, and will be described under the crystalline limestone,
Northeast of Franklin Furnace to the southern limit of the blue limestone of the Vernon
Valley, this belt joins the second belt, the white limestone of the valley bounding the
gueiss of the Hamburg Mountain. Passing west of Sparta and the Wallkill, the Jine
crosses over to tlie Columbis and Roseville Valley and runs by Andover to Waterloo,
Thence to the Delaware River the western border of the Musconetcong Valley and the
Musconcteong River constitute the eastern boundary of the belt. Between Waterloo and
Port Colden the Morris Canal is on the linc of gneiss and limestone or slate. East of
Washington this gnciss Delt or range lowers considerably. The rock is continuous
throughout, however, and its eastern limit crosses the Warren Railroad about s half mile
cast of the Washington station. The eastern basc of the ‘Pohatcong Mountain is the
further boundary to the next break or depression of the range—northwest of Bloomsbury.
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The road to Stewartsville passes through one of the depressions and the Central Railroad
through the other.  The clevated ground between them shows ledges of gneiss, and it is
probable that it is connected acress to the Pohatcong Mountain on the north, and to Sil-
ver Hill south of the railroad, although this is not shown by the railroad cut or by any
ledges in these depressions. Curving slightly west at each of these places, the line
crosses the Central Railroad about one mile west of the railroad bridge over the Mus-
conetcong River, and then turns easterly and at length strikes the river, about one mile
southwest of Bloomsbury. Throughout the whole length of this valley the rocks are
nowhere seen in contact, although at many places they are separated but a fow feet by
carth and drift masses, The river separates the two belts from this point nearly to
Hughesrille, when the limestone appears in the valley thence to the Delaware River, The
bounrdary of the gneiss is about a quarter of a mile northwest of the stream and paraltel
toit. It comes out to the river plain at the corner of the river road and a road leading
northwest over the mountain,

Passing around the end of the Pohatcong Ridge, the Pohatcong Creek forms the bor-
der of the pgneiss for two miles from its mouth. Then the line diverging from the creek,
runs along the base of the mountain and crosses the Central Railroad about one quarter
of a mile enst of the Springtown railroad-bridge. From the railroad it continues at the
foot of the hill, east of Kenuedy's Mills, to the end of the Pohatcong Mountain, Then
the foot of the mountain marks its further course to Washington, The limestone bounds
the gneiss from the Delaware River to Washington. And this boundary will be more
fully described in the chapter on Magnesian Limestone. Sweeping around the end of
the mountain on which Washington stands, the northcast course is resumed and the line
follows along the cast side of the valley of the Pohatcong Creek, by Karrville, to Mount
Bethel, Beyond this point there is no natural Qivision between the third and fourth
belts. Thetwo appear to conneet with Scott’s Mountain, whicl runs northeast and merges
itself into the Alamuche Mountain, The boundary between the two belts may le
described as crossing the low ridges and knobs which here conneet them and deseending
into the Pequest Valley near Vienna. In this valley the line, after pessing around the
hiead of Bacon Run Valley, returna to the Pequest, and eurving about the south end of a
sharp, rocky ridge, skirts the edge of the Great Meadows to Long Bridge. It then fol.
lows the foot of Alamuche Mountain by the village of Alamuche, and across the Sussex
County ling to Anddver. Bordering the gneiss of this mountain are the alluvial deposits
of the Great Meadows and the meadows along Trout Brook. * At Andover the dirce-
tion of the houndary is changed to the north, which is maintained as far as the Andover
Minc. Here it bends to the usual northeast direction, and runs thence a remarkably
direct course to the north end of the Pimple Hills. It is close to Struble’s and Hall's
Ponds on the southeast ; passes through Pinkneyville ; along the east border of German
Flats ; and along the east shores of White, Lanc’s and Kimble's Ponds to Monroe Corners.
From Andover to the north end of the Pimple ITills, the drift of the valley reposes on
the foot of the gneiss of this helt. Beyond Monroe Uorners the western limit of the
gneiss outerop runs a N. N, E. and N. E. course to the road from Franklin Furnace to
the North Church. A few yards north of this road the rock disappears under the iime-
stone and drift. The interval between this end of Pimple Hills and the southern point
of the Poclinck Mountain, is filled by blue limestore more or less covered by drift, except-
ing two small patches which expose gneiss in low ledges: “onc oceurring about three-
fourths of a mile from North Church (Hardiston Village), near the road from that place
to Hamburg, and the other about three-fourths of a mile northwest of Frankiin Furnace,
at the side of the road leading from that place to North Chureh,”—XKitchell’s 24 Annual
Report, page 137, This break in the outcrop causes a deflection of the boundary line of
the belt towards the east, to the west border of the crystalline limestone which appar-
ently connects the Azoie rocks of the Pimple Hills and Pochuck Mountain. Resuming
the delineation of this rock boundary, it is represented as bounding a limestone tract
along the Wild Cat Branch, and then crossing the Wallkill, west of Franklin Furnace,
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as running on the western slope of Mine Hill to the end of the gneiss near the zinc-mine
at the Hamburg rond.  From this point to the Pochuck Mountain the crystalling lime-
stone is bounded by the hlue limestone of the Palcozoic Age. The road thence to Hardys-
tonville runs between these rocks and forms their boundary to the latter place. Thence
almost to the Pochuck Mine the line has & nearly direct north-northenst course, although
the amount of drift is here so preat as to remder accurate location almost impossible.
Turning around the blue limestone the gneiss houndary has a southwest course, along the
wountain to the southern point. of Pochuck Mountain, near the Wallkill, The further
description of the western boundary of this Azoic Belt is cquivalent to that of
the Pochuck Mountain for that distance. Most of the way this is the same as the road
along its base, being nowhere but o few rods from it. Limestone lies on this base of the
range from the Wallkill, on the south, to Independence Corner. North of this, on to
the state live, recent deposits bound the gneiss, excepting at Owen's Island, where the
blue limestone oceurs in close proximity to the gneiss. The line thus described from the
Warren County line to New York, is not only the western border of the third belt, but
also the west limit of the Azoic Formation in Sussex County. West of it Pnleozoic
rocks only are found.

ourth or Northwest Belt. This helt is much shorter than the three that lie cast of it,
being only about twenty-five miles long, while the others stretch across the state. On
the east it is separated from the third belt by Paleozoic Valleys, except near Vienna,
where the two scem to run together, as was mentioned under the description of the third
belt,  Beginning on the southeast side at the Delaware River, the houndary runs & north-
cast course to Lower Harmony. Encompassing a little spur of limestone that runs nerth
from the main body of that rock, the line of gneiss outcrop, and limestone boundary
curves around the southern end of Scott's Mountain to Cooksville. DBetween this village
and Brasscastle the Morris Canal is on the line, following as it does at the border of the
Pohatcong Valley. From Brasscastle to Karrville the foot of Scott's Mountain coincides
with the gneiss limits, Thence to Mount Bethel and across to Vienna the description
has been given on o preceding page.  North of Oxford Fumnace the valley of the Pequest
shows o great extent of drift and alluvial beds, with a few outcrops of magnesian lime-
stone. The boundaries of the gneiss in this valley follow the base of the mountains, and
for a fuller account of them the reader is referred to the biue limestone boundaries, From
Danyille to the north end of the Jenny Jump Mountain the limits of the Great Meadows
constitute those of the gneiss also. The northern termination of this belt is east of
Southtown, and about one-third of a mile north of the road which passes over this north
prolengation of the mountain. The bluc limestone bounds the west side of this and
Scott’s and Marble Mountaing to the Delaware, appearing in places quite close to the
guciss. Narrow bands of sandstone intervene st one or two points between the gneiss or
Azoie rocks dnd this magnesian limestone. Along the west side of Jenny Jump Moun-
tain the boundary line is plainly marked, foltowing from its north end to Shiloh, the
valley of Albertson Creek; across the Hope and Danville road, about a half mile east of
the Newton road, to Beaver Brook, which is its course to James Iliffs, where the road
crosses said stream. Thence it is nearly parallel to the valley road, passing upon the
slope, cast of Sarepta, and around the south point of the mountain to the road leading
to Butzville, near its interscction with the outlet brook from Green’s Pond.  Thus fur the
division is plain, as the rocks are scen at frequent intervals on each side of the described
line. TIn comsequence of the great accumulation of drift in the valley of the Pequest
River cast of this, nccuracy is almost impossible.  As loeated, the line runs from thie last
mentioned point on an casterly course to the Pequest, which it crosses about cne mile
cast of Butzville. Crossing the stream, it keeps parallel to the river on the south of it as far
as the Oxford and Bridgevillo road.  From this point it pursues a very direct course to the
Delaware River, passing through Oxford, Youngsville, and a few rods west of Upper Har-
mony. The road from the first mentioned villnge to Upper Hartnony, deviates very little
from this west limit of the Azoiec Rocks, From Upper Harmony to the Delaware the

7
NEW JERSEY GEOLOGICAL SURVEY




H0 AZOIC FORMATION.

line may be said to follow the northwestern base of the Marble Mountain—or rather of
the subordinate ridge which is properly a protongation of Chestnut Flill ncross the river.
The line ag thas described along Jenny Jump, Scott’s and Marble Mountains, taken in
connection with the western boundary of the third belt from Alamuche to New York,
constitutes the exterior border, on this side, of the Azoic Formation. Beyend we find
ouly Paleozoic Rocks and recent «deposits,

In a line with this belt, and southwest of it, in the town of Phillipsburg, is an isolated
fmeiss knob, surrounded by the river flat whick covers limestone. Tt is close to the water,
lying between the Delsware River and the Central Railrond., 1ts longest diameter, on an
cast and west line, is about two hundred and fifty yards, while along the canal its extent
may be two hundred yards. Its greatest elevation above the river is about one hundred ~
feet. -The nearest outerop of gneiss is three quarters of a mile south of this, in the
mountain on the Pennsylvania side of the river. It scems to be an isolated knob, pro-
truding above the later beds that surround it. It encloses a narrow band of blue lime-
stone and u little slaty rock, which crosses the hill from north to sonth.
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CHATTER II.
GEOLOGICAL STRUCTURE.

Tue rocks of this formation, with very trifling exceptions, are all stratified.
They are not horizontal, however, but very much inclined, the great majority
of them having a general northeast and southwest strike, and a dip to the
southenst of from 0° to 90°, The whole surface is traversed by a series of
short and parallel ridges. The ridges have a general northeast and south-
west direction, and the strike of the rock corresponds with it. It is a

Fio. 6.

little move to the north than the general trend of the range. This pecu-
liarity of structurc may be illustrated by a diagram showing the axes, or
lines of elevation, along which the hills appear to have been raised up,
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This Fieure gives the main axes in the Highlands, not only in New
Jersey but westward to Reading in Pennsylvania, and castward to West
Point and the Hudson River in New York, where it diverges somewhat to
the east and crosses the river towards the Massachusetts line. The oblique
direction of these ridges to the mountain range 18 well shown,

Wherever cross sections of these ridges. have been obtained they almost
always show a southeast dip, from one side to the other. Occasionally, how-
however, a nortliwest di p is found, but such are comparatively rare. The
tollowing table of dips gives the results of many observations, and isa fair
exhibition of their usual direetion and amount.

TABLE OF DIPS,

DIRECTION.  AMOUNT, LOCALITY.
N. E. Steep. Turkey Mountain, limestone quarry.
8. E. Steep. North of Montville.
N. W. “ West of Stony Brook Church,
8. 50° E. 70°. Stony Brook Mountain and west of Stony Brook.
8. E, Steep. Pequannock Valley ; Smithville to Copperas Mt,
8.70° E, “ South of Vernon, summit of road to Snufftown.
5. E. “ Hamburg Mountain.
8. 40° B, 55° R. R. cut, west of Dover, near the Rockaway R.
8. 45° E, “ Half mile cast of Dover, along the M. & E. R. Ti.
N.w. 50° - Davenport's Mine, west of Berkshire Valley.
8. 53° BE.? 60° West of Berkshire Valley, on the road to Sparta.
E. 8. E. 50° Near Lake Hopatcong.
5. E. Steep Woodport near the store. *
N.E. (strike) Vertienl,  Drakesville,
E S E 30°, West of Pimple Tills.
5. 80° E, 20°, House's Corner,
3. 70° E. Moderate.  Near white limestone, Andover.
8. 70" E. G3°. Wild Cat Road, west of Franklin Furnace.
8. 70° E. Steep. West of Dlenmark, near Green Pond Brook,
5. 65° B, 42°, it “ “ it
8.45° E. 40°. Near Copperas Mt. west of Timber Brook.
8. 50°E. 70°, Pruden’s Saw Mili, south of Green Pond.
E.8.E 40°, Near D. Cisco’s limestone quarry, west of Milford,
E. 8. E. 15°. East of Gould’s limestone quarry, Macopin,
E. 8. E. Steep, South end of Pochuck Mt., Hamburg Road.
N.W° B 60°—70°.  Long cut cast of High Bridge, N. J. Central B. R,
5. 60° E. 70°: R. R. cut, west of High Bridge.
8. B. 60°. R. R.cut, west of Willeughby Run, cast end.
8. E. 50°, " i " west end,
E. 8. E 70°, R. R. cut 100 yards, west of above locality.
E. 8 E. 40°, West end of above R, R. cat,
5. 60° E. 50°, R. R. cut one quarter mile cast of Gardnersville,
8. E. 60°, At the R. R. quarry near Gardnersvyille,
E 8 & 30°, Gardnersville cut.
8. E. 60°, R. R. cut west of Gardnersville,
8. E. G5°, R. R. cut, cast of Hampton Junction, cast end.
8. E. 35°, “ “ west end.
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Three-quarters of a mile South of Bridgeville ;

E. R. cuts, Hampton Junction to Changewater.

Warren R. R. cut, east of Washington,

Van Nest Gap tunnel, west end.
“ “ cast end.

rond to Oxford.

Southeast of Oxford.

Enst of Washington, Warren County.

Musconetcong Mountain, opposite Durham,

R. R. cut, =outh of Riegelsville.

Pohatcong Mountain, along the Del. Bel, R, R.

Marble Mountain, river road,
1 “ north of above locality,

further north.

still further north,

] [

i 113

R. R. cat, Marble Mountain,

Steep to vertical. Subordinate ridge of Marble Mountain,

Marble Mountain, near Iarmony.
Southwest of Oxford.

Dips taken from notes of E. Haeusser.

E. 8 E. Gentle.

8. E. 50°.

8. 8. E 60°,

N. of E. 30°,

N. 45°. W. 70,

N. 20° W. Steep.

8. 45° E.  40°

8 E Moderate

5 E 40°,

E 8 E. 30°-50°.

N.4c°wW,  70°

N.40°W.  50°

N. 40°. W. 40°.

N.40° W. 30°,

N.40°W. 50°

N.40° W,

8. 40° E, Stecp.

8. E Steep.

8. 30° E. 50°,

8. 30° E, Bteep.

5. E. 55°,

8. 30° E. 65°

8. E. 12°,

E. 20°-30°.

8. 50°~60° E. 80°.
Vertical,

N.20°W., 80°

4. E. 650°-60°.

B E 50°-80°,

8. 45° L. 70°

B. 8° E. 65°-%°

8 E. 30°-356°

8. 20°-30°E. 60°-70°,
N. W. 80°.
Strike N.E. Vertical.
8. E. 80°,
70°,
Steep.
45°
5.
45°.
45°,
e N. E. Vertical
-88°,
e N.E. Vertical.
60°,

W pnE®m
=

,
SEEEE

(=g

65°
728,
65",

@ @

Very steep.

Pochuck Mine.
North Vernon.
West slope of Pochuck Mountain,
In crystalline limestone, Smithville.
East of the Sussex Lead Mine,
Sussex R. R., south of Cranberry Reservoir.
Longwood Mourtain,
113 11
One and three-quarter miles northeast Upper Longwood,
Two miles west of the Longwood Valley.
West of Russia,

The following are from the second annual report of Dr. Win. Kitchell.

Owens Island, Drowned lands.
North end of Pimpte Hill range.
East of Kimble’s Pond.
Enst of Strable’s or Long Pond.
One mite northeast of the Pompton Church.
Near the above locality.

[1} 113
Noland’s mine, near Hopatcong Lake.
Roseville Mine.
Oshorn Mine, Schooleys Mountain,
Hilts Mine, “
Drake's Mine, Schooleys Mountain.
Btevens’ Mine, &
Oak Mine, Ringwood.
New or Wood mine, Ringwood.
Blue Mine, H
Iard Mine. “
0l1d workings, Mount Hope.
Hickory Hill deposits,
Elizabeth vein, Mount Hope.
Allen Mine.
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8. R 30°-35°. Hubbard Mine,

8. B. 45°. Stirling Mine,

8. E. 45°, Corwin Mine.

8 E 50°, Byram Mine.

5. E. 64°. King Mine.

3. E. 60°, Iibernia Brook, (in adit tunnel.)

8. E. 86°. Glendon Mine, Hibernia.

8. L. 81°, ‘Willis Mine, b st surface.

S E. 73", “ " 80 feet down.
8. E. 80°. Beach Mine.

N. W. Very steep. Beach Glen Mine, northeast opening.

N.W, Gentle, “ % (near surface.)

N.W. Steep. i southwest opening, near surface.
S. E. 113 o 113

5. E. 75°, Kitchell and Muir Mine,

3. E. Steep. Sweed’s Mine, ]

8. E. 10°-15°.  Glendon Mine, (Haeusser.)

The following wnarranged localities ave appended.

E. 8. E. Steep, Searle’s Mine, Hackettstown,
8. E. 75°. Solitude Mine.
8. E. 45°, Zinc Mine, Btirling Hill.
8. E. 70°. Succasunny Mine,
8. E. 85°, Mount Hope mine,
8. E. 85°, Hurd Mine.
N.W. 85°. Ogden Mine R. R., near Hurd Mine.
NW Near Splitrock Pond.
8% 78°. Splitrock Mine,
Crystalline Limestone.
N.70° E, Bteep. 0. Himenover's, Byram.
E. N.E. “ Roseville Mine,
N.W. “ Cranberry reservoir,
8. 835° E. 5%, East of Jenny Jump Mountain,
8. 70° E. Steep. Oxford.
N. 60° E. “ G
E. 8 E. b East side of Pochuck Mountain.
8. 70° E, “ East of Hardystonville.
E.8.E “ Ridge near Hamburg Mountain, east of Mine Hill
8. 60°E 60°. East of Herdystonville,
E. 8 E Steep. Near P. N. Ryerson’s, Vernon,
) '
The following are taken from Haeussors notes.
8. 35° E. 50°, Near P. Van Nostrand's North Vernon.
8. E. 6o° Near 8. Edsall's, Vernon,
N.40°W. 60°. Wm. Drew’s lands, “  at sapphire locality,
N.w. 45°, Cranberry Reservoir.

Strike.—The diagram of axes of elevation, of course shows the strike of
the rock. It is always at right angles to the dip, and as that has been
already recorded, it is unnecessary to more than mention that the strike may
casily be computed from it. '
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SrramrieaTion.—Some of the rock is so thin bedded as to be schistose,
while other portions are so thick bedded and solid, that for long distances it
is almost impossible to tell which way the rock dips. In going from Berk-
ghire Valley up the mountuin on the Sparta turnpike, all the examinations
that could he made were unsatisfactory, for distinguishing which was the
stratification and which were joints, and finally we had to be guided by the
reneral characters of the formation. In most cases where the rock is
exposed, however, its stratification is very casily determined. As a general
rule the rock does not split easily, even in the direction of its stratification.
Tn some localitics, however, very goed building stone have been obtained
from it. At Dover therc arc fine exposures of rock that quarries hand-
somely; also near Port Murray, and at Franklin Furnace. And other
localities will be found when the valne of good building stone comes to be
properly appreciated. There arc portions of the rock which are coarse
grained and erystalline.  The way in which they are distributed is hard to
describe. In gome cases they conform to the stratification for a short dis-
tance and suddenly terminate. In others they follow the line of some closed
joint or erack, and the erystalline matter which may be of feldspar, quartz,
hornblende, magnetite, &c., of which they are composed, runs across the
stratification, though it is not separated {rom the common rock by any line
of demarcation, but shades insensibly into it. Such specimens are to be
met with cverywhere.

Trrcir—This term has come into use among those engaged in iron wiining,
to express the characteristic descent of the iron ore beds beneath the surface,
towards the northeast. It is at right angles to the dip, and is in the same
direction with the strike, though not horizontal. It is measured in degrees
from the horizon downward. Such a word was needed, and it relates to a
peculiarity of structurc which, when well 1nderstood, will help much to
explain the structure of this whole region~—for though most noticed in the
beds of iron ore, it is quite as characteristic of the rock as of the ore.

Fre. 7.

NEW JERSEY GEOLOGICAL SURVEY




6 AZOIC FORMATION,

The cut, Fig. 7, shows a scction of an iron mine, as if opened lengthwise of
its working-—and the observer looking towards the northwest. The ore, it
will be perceived, comes to the surface only between the points C and D, and
Fra. 8. descends or pitches beneath the surface
towards the northeast, and continues
on in the line of its descent for an
indefinite distance. The rock which
bounds it above and below is striated
or streaked in lines parallel to the
pitch of the ore. Figure 8 is a cross
scetion of the mmine and shows the
mass of ore as cut through on the
line of section A. B. The size of this
ore bed would be nearly the same at
any part, as it shows here ; only towards
the northeast it would be further below
the surface and towards the southwest,
it wonld rise higher and finally meet the surface. Figure 9 shows a map
or plan of the vein of ore, at the surface.
Fra. 9.

s

— - = : - i ]

Fig. 10, which is a vertical section across the
country from northeast to southwest exhibits the surface outline of hills
where this structure prevails. ‘The inclined lines show the pitch ; and the
black lines are supposed to represent harder or more enduring rock.

F1g. 10.

The little sketch of a hill in outline, Fig. 11, shows a very common form of

~ knoll or ridge—with the slope towards the northeast very gentle and losing

itself heneath the level surface, while the southwest slope is much steeper
Fra. 11.

and abrupt. 8o common and characteristic is this form of outline that Dr.
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Kitchell had the accompanying drawing, Fig. 12, made to illustrateit. 1t was
“taken from the hills onc mile east of Franklin Furnace, and presents a
view of Pochuck Mountain and Vernon Valley ; and illustrates the charac-

Fia. 12,
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teristic features of the series of ridges, with their gentle inclinations towards
the northeast, and their abrupt terminations towards the southwest.”

The folds or plications of the rock, which are found in this region, also
conform to the piteh. The following cross scction of the iren-ore bed at
Hurdtown shows one of these folds; the ore having actually been taken out
entirely around it.

The seetion of the same mine lengthwise, which is given in the Iiconomic
Geology, shows the piteh of the bed, the track on slope heing absolutely
laid on the bottom rock of the fold from which the ore has been taken out.

¥olds showing the same characier have been developed in the zine mines
at Franklin Furnace, and Stirling Hill, and at the Durham iren mine in

. Pennsylvania; and something very similar is being worked out at Oxford

Furnace. There are fewer opportunities for studying these folds in rock
than there are in the mines, on account of there heing fewer rock cuttings,
and the surface is much hidden by vegetation, decayed rocks, drift and soil.
The following section of the second rock cut on the: Central Railroad, west
of High Bridge, shows a repetition of the rocks through which it passes, and
is probably a synclinal fold like those of the iron and zine mines that have
been referred to. -
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' Fro. 1%,
Gneisa,

Rock cut on Central R.R., one mile west of High Dridge.

The smoothed vock surfuces or slicken sides which correspond with the
lines of piteh, are also remarkable and suggestive in conneetion with this
subject. Fine specimens of such surfaces are to be seen in the railroad cut,
at Hurdtown ; and in the mine, at that place, considerable surfaces of iron
ore, black and polished like a mirror, are io be scen. It appears as if there
had been an actual rubbing or slipping of these surfaces on each other.

The angle or amount of piich in a few instances where it has been meas-
wred, is given below :

Oak mine at Ringwood, pitch...... e e e e "55° N. E.

‘Wood mine “  pitch.. L. et e taiaaeaan 30¢ «

Mule mine “ 3L 45° «©

Hurdtown mine....... —.i.civirverieneieneniananans e eeas L...o200 v

Weldon mHne. ...t ii i ir i i e sy eee eeeeea... 18°00H .
Mt. Hope mine......ve veviivnoniainrerennans eeee e e 120 ©

Succasunny mine. .....vivnan... et e e e e 4p® “

King mine cooovieuiuniniiiiiniieiie et aeaees ceanes 300 ¢ |
Stirling Hill zine mine.......oiiiiiiiier vieaiiie e 62° «© |
Solitude mine.... ......... it emes eeaarin eeeibaeimraraateeiesens .70 |

cast and southeast direction by nearly vertical cracks or joints, and the
rock on one side of the joint has slipped away from that on the other, so that
the strata and layers on the two sides no longer correspond with each other.
The following diagrams, prepared by Dr. Kitchell, to show faults in the iron

a |
Taurrs on Orrsers.—In many places the country is traversed in a north-
ore at Mt. Pleasant and Byram mines, arc good cxamples: |

|

i

Horizontal gectlon of the Mt. Pleasant Mine, showing the position of the faulls (** offsctts.”)
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iL‘,i

' ' il il i .l*ii'i'i

Horizontal scetion of Byram Mine,Jghowing faults (% offsctts,”)

At the northeast end of Mt. Hope ILl there is a fault of a hundred feet
or more, and there is one of equal extent between the ITarvey and North
LRiver mines at Trondate. There does not appear to be any regularity in
regard to the direction or extent of these offsets, and no attempt has been
made to prepare a list of those which are known.

Varss axp Dices—These terms are properly applied to the openings or
fissures which traverse the rocks and are filled with mineral matter. Thoge
which contain metallic ores or crystalline minerals are called veins, while
those which are filled with uncrystalized rock are called dikes. They are
alike in not being generally conformable to - the rocks in which they are
found, but on the contrary they cross the stratification. The accompanying
cut shows a trap dike in gneiss in the rock-cut on the Central Railroad at
Gardnersville :

Fre. 17.-

Gnc:sn.

Trap dike in Gneies, Gardneraville, Hunt. Co.

There are also several dikes of trap crossing the zine mines at Franklin
Furnage.  They are particularly well shown in what i3 called the Buck-
wheat field opening.  Three or four are now exposed, the widest being about
@ foot thick, and others having a thickness of from four to eight inches.
One of them divides into two branches in the mine. Their general direc-
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tion is northwest and southeast, and at least onc of them extends for some
distance across the strata of erystalline limestone; gneiss, iron ore, Potsdam
sandstone, and blue limestone, being secn as far as the Fowler mansion on
the northwest, and for thirty or forty rods in the fields to the southeast. As
the work of mining, or excavating rock extends, more and more of these
dikes will undoubtedly be found.
Veins of granite have been seen in various places. The drawing of one
in the Pequest rock-cut, on the Warren Railroad, near Oxford Furnace, is
Fig. 18. here shown. There are numerous
Gneies. veins in the rock of Marble Mountain,
j near the Delaware.  Others have been
geen in different parts of this region.
It is not always easy to tell whether a
rock belongs to the gneiss or is part of
a dike. There is good reason to he-
) LGS lieve that many Deds of coarse granite
Kecut, Warren R.R. . . N .
gneiss, have been mistaken for granite

dikes, and described as such. This has been the case particularly in the
crystalline limestone, where the alternating or included beds of gneiss
have been by many thought to be dikes. They are, however, entirely con-
formable to the limestone, and arc of the same age and are metamorphie
rocks, '

The beds of iron ore are thought by many persons to be veins ;- and they
are 50 called in all the region where they are mined. This term has heen
applied to them by the English and German miners, who have worked true
veins in their own countries, and are habituated to think that all metallic
ores are of igneous origin, and have been foreed into the positions they now
vecupy, in a melted state. This theory is sustained by the high authority
of Prof. H. D. Rogers. Dr. Kitchell and all his assistants, after thorough
examination of the mines, were entirely settled in their conclusions that the
magnetic iron oves ot New Jersey were of sedimentary origin, and had been
deposited in heds just as the gneiss and erystalline limestone had.  This too
is the view of most writers and geologists of the present day.

From the observations of the present Survey no other conelusion can he
reached, but that the magnetic iron ores, of this state, have originated from
chemical or mechanical deposits, just as our hematites and bog iron ores do
now ; that they have afterwards been covered by strata of sand clay, and
carbonate of lime; that with these they have since heen upheaved, pressed
into folds, and under the influence of pressure and water, for an immense
length of time, they have undergone chemical and mechanical changes, which
liave brought them to their present condition. They oceur both in the lime-
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stone ‘and the gneiss; they are entirely conformable to the other rocks in
stratification ; they contain laminee of gneiss, hornblende, &e., just as the
rocks do, and at their edges they frequently pass from the ore to the rock by.
such insensible gradations that one camnot tell where the ore ends and the
rocks begins, Folds, offsets, &e., oceur in the ores just as in the other rocks.
The columnar structure of some of the ores has been thought to faver the
theory of their igneous ovigins ; but beds of sedimentary limestone have heen
scen which have the same structure,

Jomvrs.—The rock is traversed by smooth divisional planes, which cross
it, usually in two directions. The planes are nearly and in some eases quite
perpendicular.  In some instances the joints are open, like smooth straight
cracks in the rocks, in other cases they are close and only appear when the
rock is broken, and still in other cases they appear to have been once open
and thespace to have been filled with quartz, carbonate of lime, or some other
chemical substance which has joined the two surfaces together again. Insome
tngtances much difficulty has been - experienced in distinguishing the joints
from marks of stratification.

During the present Survey no effort has been made to collect facts in rela-
tion to joints, but in the Survey of 1854-5-6, many observations were
made. A few are here presented to show their general character. .

Strike, dip and locality of joints, in Susse, Passaie, and Morris Coun-
ties, from K. Haecusser’s MS. report to Dr. Hitchell.

They are numbered in sets, and the locality put opposite the first onc at
each place.

STRIKE, orp, LOCALITY.
1 N. toN.15°W. . steep.
2 N. 20° E. perpendicular. E. Martin’s, Vernon.
1 N.30E. E 8. E.
2 N. 50E. Near Conklin's, Vernon.
1 N.63° W. 70° N. E.
2 N.E. 556° 8. B, West slope of Pochuck Mt.
1 8. 25° W. G0° 8. 65° L.
2 8. 45° E. 60° N, E. North Vernon,
1 N. 80° W. 60°-70° 8. 10° W.
2 N. 30° E. perpendicular.
3 N.73° E. 70°8, 17° E, Longwood Mt.
1 N. 30°40° E, 80°-vertical 8. E.
2 8. 50°-60° E. perpendicular
3 E. and W, 45° north. Longwood Mt.
1 N. 15°W. Steep E. B. B
2 N. 45° E.
3 N. 65° W. . North Vernon,
1 N. 35° E. Nearly perpendicular
2 N. go° W, Steep N. E. near the creck and east of
8 N. and 8, do, cast. North Vernon.
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1 N. 70" E. 70° 8. 8. E.

2 N. 15° W, Steep E. N. E. near P. J. Brown’s, Vernon.

1 E. and W, 70° south.

3 N. and 8. 80° west. 0. Himenover's, white lime-
3 N. and 8. 50° enst. | stone, Byram.

1 N. 30° E. perpendiculer.

2 N. 80° W. 70° 8, 10° 'W.

3 N. 73° E. 70° 8. 17° E. Near the Cranberry Reservoir.
1 N. 10° E. 85° East.

2 12°-18° N. E. Stanhope Iron Co.’s quarry.

With these statements in regard to the structure of this formation, the
subject may be closed ; remarking only that the district is rongh—much of
it etill in forest—and large portions so covered with drift carth, and bould-
ors, that its examination is by no means easy, and the results not always
satisfactory. There is so much still to be done that if it were not for the
neeessity of bringing the Survey to a close, some of the points here stated
would receive longer study and fuller illustration before they would be writ-
ten out. In the chapter on Historie Geology the eanses for the peculiaritics
of structtre which have been detailed, will be discussed.
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CHAPTER III.

ROCKS.

* The principal rock of the Azoic Region is gneiss.  Crystalline limestone
and magnetic iron ore arc also found in extensive beds, so as to be properly
classed hs rocks,

The term gneiss, in accordance with the usage of the country, is applied
to any crystalline and stratified rock which is composed of feldspar and
quartz, with small quantities of niica, hornblende, magnetite, or other sim-
ple mineral. Syenite, and syenitic gneiss are the names frequently and
properly applied to this kind of rock. The gneiss of the Highlands is
characterized by the almost entire absence of mica. Feldspar makes up
from two-thirds to three-fourths of the rock, and the rest is mainly quartz.
Hernblende is nsually found in it in sufficient quantity to affect the color,
and somctimes it makes np the largest portion of the rocky mass; this, how-
ever, is not common. The quartz is generally in grains, which are flattened
in the direction of the stratification, and which in size, range from an cighth
to a half inch in the plane of the stratum, and from onc-sixteenth to an
cighth of an inch in thickness. Insome coarse-grained specimens, the grains
of quartz are larger and not so much flattened.  The feldspar varies in color
and case of decomposition, and these peculiarities give the prominent char-
acters of the rocks throughout the whole region. In some specimens the
feldspar is so hard and unchangeable that it can casily be mistaken for quarts .
in others it is opaque, harsh to the touch, and erumbling, and in others still
it is entirely decomposed, and only a mass of soft carth, with the quartz
grains and the stratification yemains. The color of the feldspar varies from
bluish and translucent to flesh-colored, white and opaque, and specimens of
a greenish tinge are sometimes seen.

No Detter idea of the varicties to be found in this rock can be given than
by a description of the speeies met with in passing across the formation from
one side to the other. It was hoped that o careful inspection of the sucees-
sive beds of rock to be seen in crossing this region fromn southeast to north-
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west might reveal some peculiaritios of strncture or composition by which a
classification of the varieties of rock, for theoretical or economical purposes,
could be brought out. But after examining the sections exposed along the
Delaware River, the New Jersey Central Railroad, the Morris and Essex
Railroad, and the Pequannock River, it was not found practicable to make
any systematic classification other than a geographical one. The following
list of specimens collected on these sections will illustrate the point men-
tioned :

Delaware River Section.—In the ledges exposed in the southwest end of the Musconet-
cong Mountain the rock is generally a light colored mixture of feldspar and quartz, with
a little hornblende. A few beds of coarsely crystalline gneiss or gaeissoid granite oceur
intko series. Of ten specimens selected as representatives of the mountain, five are very
fine-grained, compact, greyish in color, and comsist of feldspar, quartz, and hornblende,
Three specimens have the same mineral composition and shade of color as the preceding,
bnt are more coarsely granular, The remaining two specimens are made up of quartz
and flesh-colored feldspar in quite large masses. These, like the first described rocks,
are compact and hard. Nearer Riegelaville a low cut along the railrond exposes a green-
ish-grey gneiss, consisting of feldspar and quartz, intimately mixed,

Along the end of the Pohatcong Mountain there is a fine cross section, showing nearly
every ledgs of the mount. The prevailing type here is a tough, dark-colored hornblendic
gneiss. A few ledges of light-colored feldspar and qusrtz rocks appear. The ten repre-
sentative specimens may be sub-divided as follows: 8ix durk-colured, finely crystalline
gpecimens, consisting mainly of hornblende, with a little feldspar, and in some, a little
mica also; they are tough, but not very hard. Three greyish white, mixture of feldspar
and quartz; and onc massive and magnesian in character, .

Along Marble Mountain there is another remarkably fine exposure of rocks, There are
two separate sections, the southern, or Marble Mountain proper, and the northern or sub-
ordinate range, which is the extension across the river of the Penansylvania Chestnut Hill
range. At the southwest point of Marble Mountain is a ledge of talcose schist, The
mountain section yields the following varieties among several specimens collected : One
feldspar and hornblende, fine-grained, light-grey color; one dark-colored, same compo-
sition as the above, but fine-grained or massive. From the railroad cut, same range,
are two specimens, dark-colored, and finely crystalline. Their composition is feldspar
and hornblende, the latter approaching serpentine in appearance. From the same range
two specimens, a grey quartz rock and a fine-grained gneiss of feldspar, quartz and horn-
blende. Also, o very coarse-granitoid gneiss, consisting of quartz and hornblende, with a
little feldspar. Besides these there are single specimens containing serpentine, epidote, and
calcite, in addition to the usual gneiss minerals,

Section along the Central and Warren Railroads—Bceveral cuts along the Central Rail-
road hetween Lebanon and Hampton Junction, and then along the Warren Railroad to
the Pequest River, afford the best section of the rocks of the Highland Range, crossing ag
they do the several belts at right angles to the strike of the formation. The number and
dimensions of these cuts are such as to present very large exposures of rock at frequent
intervals, Very much of the rock, especially between Lebanon and Washington, is in a
state of disintegration due to the decomposition of the feldspar. Long and deep cuts
expose masses having the semblance of rock in stratification and composition, but des-
titute of firmness, or cohesion of the constituent minerals, The variations in structure,
agpect, and composition, follow no particular order in the successive beds. Hence in
order to present a clearer view of the section, the following specimens arc described :

Three specimens from railroad cut west of Lebanon. (1) One, feldspar and horn.
blende in equal proportions, with scarcely any quartz; (2) one (prevailing type), feldspar

9
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with small percentage of quartz and very little hornblende; (2) one, hornblendic, fine-
grained, with considernble plumbago. These are sl friable, and known commonly as
‘ rotten rock.”

Central Railroad cut east of High Bridge—four specimens.  One, s graniteid mass
of coarscly crystalline feldspar and quartz, with senles of graphite. This is firm and solid.
One, hornblende and feldspar in small grains, crumbling; one (type specimen),
feldspar and quartz, hard snd tough; one, feldspar, quartz and hornblende, conrsely
crystalling, and compact, with scales of graphite through it.

In railroad eut next west of High Bridge, the common varicty of rock is a mixture
of quartz, feldspar, and hornblende in small grains, disintegrated.  From the cut about
one mile northwest of High Bridge—two specimens.  One, light-colored and fine-
grained, feldspar and hornblende, the former in excess; one, dark-colored and fine-
grained, feldspar and homblende, but with the latter in excess, Both specimens, in
Beams, firm and solid, Another specimen contained magnetite, In the cut near Clarks-
ville, one specimen consisting of a greenish feldspar, with quartz in very small grains,
almost amorpheus ; rock tough and of the common variety,

North of the railroad, at Banghart’s Copper Mine, the rock is dark-colored and very
fine-grained, and contains copper pyrites scattered in small strings through it. At the
cut east of Hampton Junction two varicties were obtained,  One, a coarsely erystalling
mass of feldspar snd homblende, light-colored and slightly decnyed ; the feldspar is
chalky; one, feldspar, hornblende and o little quartz, slso coarsc-grained; in this the
feldspar is flesh-colored. Trom the Warren Railroad cut westof the J unction, one speoi-
men (common variety), feldspar and quartz, the former chalky in appearance ; fine-grained
and crumbling, In the cut near Changewnter, one specimen, a greenish, tough rock, con-
sisting of feldspar and quartz; cut east of Washington shows a rotten gneiss composed of
feldspar and guartz, coarse,

Yan Nest Gap Tuanel: greenish-grey, hard rock, feldspar, quariz, and hornblende.
Some of the rock pinkish tinge. Pequest cut, east of Butzville; four specimens were
obtained in this exposure on the section. One, feldspar and sugite in fine groins,
tough; one, augitic rock containing a little feldspar; one, dark-colored and fine-
grained rock, contsining some iron pyrites, very tough; resembles some magnmesian
rocks; granite from dike, coarsely crystalline feldspar and querts, the former predom-
inating and very white,

The section along the Morris & Essex Rail Road, and the Sparta turnpike, presents very
few cuts or sections of the beds. The surface, however, showsa great many ledges, so that
the character of the rock is quite accurately ascertained. The general remarks on the
last section described, are also applicable to this one, Southeast of Dover most of the
rock is erumbling, and hence there are fewer ledges on the surface ; west the rock seems
firm and not disintegrating exeept at very fow points, Beginning ot Dover the following
description of specimens is presented: granito dike, on railroad, half mile east of the
village, iy coarsely crystalling, and consists of quartz, feldspar and hornblende.

Quarry along the Morris & Essex Railroad, west of the village near the bridge; type
specimen. It contains feldspar, and a small admixture of quartz and hornblende, the lat-
ter in parallel laminm in the beds : rock is finc-grained, firm, and cusily dressed. Enstof
McCainsville at the eastern margin of the Succasunny Plains, two specimens taken, one
(characteristic of & great portion of the gneiss) fine-grained, slightly stained by oxide
of iron, crumbling, consists of feldspar and quartz.  The other is identical in compo-
sition with thefirst, except that ithas a larger percentage of feldspar, is dark-colored, fine-
grained and hard. Two specimens sclected from Drakesville: One near the Hopat-
cong Lake Hotel is coarsely crystalline, resembling a conglomerate, Quartz, feldspar and
smalt grains of magnctite, make up its mass. West of the village; is also made up of
feldspar and quartz in fine graing with smaller crystals of hornblende. This is a compact,
hard rock. On the Sparta turnpike, west of Berkshire Valley, five specimens were picked
up a3 representatives of the eastern slope of the range. The rock is grey in color, inclin-
ing to pink, fine to medium-grained, compact, and showing very little appearance of strati-
tication. Feldspar and quartz predominate, with s little hornblende and magnetite,
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Hurdtown: one specimen from the mine, greyish in color, compact, finc-granular,
and consisting mosily of feldspar with a little hornbicnde. One specimen from Og-
den Mine Railroad, near the minc,is very similar to the above, hornblende in small
grains; from the top of the Sparta Mountain a granitoid gneiss was taken : it consists
of angular grains of quartz with a very white feldspar, making the specimen nearly
white.

West of Sparts, along the Layfayette road near Woodrufl's, a type specimen was got:
Tt consists of feldspar, quartz, and a little hornblende in parallel strie: color inclines to
a pink. From the Pimple Hill Range five specimens were taken: all contained feldspar
and hornblende, and four of them some mica also.  All are fine-grained, and quite dark
in color; due to more or less of the hornblende. Near House's Corners is a ledge of very
coarsely-crystalline goeiss, consisting mainly of feldspar and qusrtz, with small quantities
of mica and hornblende. '

The specimens taken from the west slope of Pimple ITill Range, ncar the Sussex Leadt
Mine, were five in number. One firm but not very tough, nearly white feldspar, with
grains of quartz. Four specimens, light-grey color, crumbling, fine-grained, and con-
sisting of feldspar and quartz with very little hornblende.

On the road from Sparta to Brooklyn several specimens were sclected. Near the
Byram lice two samples were taken.  One, feldspar and quartz with little patchesof horn-
blende, fing-grained, friable, and pinkish tinge. The other consists of the same minerals,
is fine-grained, tough and of a brownish color. One mile north of Columbin, type speci-
men, quartz, feldspar and a little hornblende in small graing, inclining to brownish-red
color. Same rock observed near Columbia, About one mile southeast of Columbia the
rock is light-colored, composed of feldspar and quartz; tho latter disposed in laminze
in the feldspathic matrix.  On the top of the mountain the composition is the same, but
the color is more brown or reddish-brown. The rock is finc-granular and compact.

The Boonton and Vernon section. This runs northwesterly and westerly {rom near Boon-
ton (Montville), across the Stony-Brook Mountain, to Smithville, and thenee up the val-
ley of the Pequannock River to Snufftown, and then north to Vernon. The rock along it
is quite similar to that of the other scctions, excepting that it is more compact, and very
few cvidences of any disintegration are found, While the light-colared, syenitic varie-
tics prevail, there are quite frequent outcrops of darker-colored beds, some of which con-
tain mics. The following descriptions are given: five specimens from the road south
of the Stony-Brook hamlet,  All are slike io mineralogical composition, consisting of
feldspar, quartz, and hornblende. And all are hard and of greyish color.

Five specimens, west of Stony-Brook village: one, contains feldspar, hm-nblgnde,
and magnetite: four arc composed of feldspar and hornblende, two of which are
fine-grained and the other two coarse.  These are grey and black in shades, according to
the respective colors of the constituents.  Five specimens west of Smithville along the
turnpike to Hamburg. Al light-colored, fine-grained and compact,  Scarcelyany horn-
blende, the mass being feldspar and quartz.

8ix specimens along the turnpike near the read to Macopin. (1) Hornblende and
feldspar, dark-colored, fine-grained; common. (%) One, also hornblende and feldspar,
but light-colored, fine-grained; common. (3) One, same composition as the prece-
ding, but muach finer-grained, almost amorphons, greenish-grey color, very tough, (4}
One, of guartz, feldspar aud hornblende, medium fincness, inclining to a red color. (3)
Two, quartz and feldspar, coarsely-crystalline, light colored,

Four representative rocks from ledges enst’ of Copperas Mountain, Composition is
quartz, feldspar and hornblencle. They are finc-granular and of a reddish color. Along
the road from Stécklioln to Vernon specimens representing the several outcrop in their
varicties were collected, Of the twenty-seven thus selected, (1) twenty are made up of
feldspar and quartz with a little hornblende. The feldspar is nearly white, quartz has a
smoky appearance, while the hornblende is green to black in color. In one the feldspar
is flesh-colored, Theseare rather fine, granular and compact. The color is generally light,
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being affected in shade by the greater or less abundance of hornblendo, One of them
has some iron pyrites in addition to its other minerals. (2) Ono specimen is a granitoid
grciss, rather friable. Its composition is feldspar and quartz, (8) Two are greenish
talcose rocks. (4) Two dark-colored feldspar and hornblende, and (5) the remaining
two micaceous, ’

The chemical composition of the rocks of this formation is a subject of
much interest. Hitherto the country in which they are found has been con-
sidered poor and little capable of improvement. But gradually the farmer
has been encroaching upon them, and turning these unpromising hills into
fruitful flelds. Tt is observed that the rocks are in many places subject to
rapid decay, and that in such localities the soil is susceptible of high culti-
vation. It becomes, then, a matter of inquiry as to the cause of this decay,
and also whether it can be controlled or hastencd by art. It is much too
long an inquiry for a survey of, this kind, and the remark is thrown out in
the way of suggestion, hoping that it may find response in the minds of

those who arc in circumstances to carry out the investigation.

In the gneiss rock the chief mineral constitucnts aro quartz, feldspar and
hornblende.  Of these, feldspar and hornblende are the only ones capable
of decomposition, and the former is by far the most abundant of the two.

+ Feldspar is of several varicties, of which three may be noticed here—those
£ containing potash, those eontaining soda, and those containing soda and
lime.  The composition of these in pure specimens is as follows :

POTABH FELDEFAR, BODA FELDEPARL. 80lA AND LIME FELDSPAR.
Siliea ..........o0uu..l 04.6 G8.48 62,1
Aluning................. 18.5 10.6 23.7
Potash....... ... e 16.9 '
Seda............. T 11.8
Lime..................... . 14.2
. 100.0 100.0 100.0

It has been long known that the soda, and the soda and lime feldspars
were much more easily decompesed than the potash feldspars; that the
action of carbonic acid and perhaps other atmospheric agencies would cuuse
the feldspars containing soda and lime to decay and fall to pieces, while
they would exert but a very slight influence on that containing potasl.
Some trials have been made to verify these observations.

A feldspar from Trenton, which is singularly linble to decay, where in
fact large portions of the rock is now decs yed, was found to contain
16.5 per cent. of soda. A feldspar from the Central Park in New York,
which was very solid and apparently unchangeable, was found to contain
12.8 per cent. of potash. A soft and crumbling feldspar from a cut in the
Central Railroad above High Bridge, was found to have the following com-
position ;
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25T .
Aluming and a little oxide of iton. ... eeennsvenerannnnnnn,
Lime...,......... et aeesratens sraseraes caeeten tabteebarasaniranes
1T P
Potash..e e i e e e e e
Water. ... .o e e e e bt aear e aerearerreaeaas

Two other specimens from the Warren Railroad, near Hampton Junction,
-of which the first mentioned was flesh colored, hard and unchanged, and
the second was soft and carthy, gave the following results :

1, 2.
Biliea....... Nt e e m e e e e e e tee e e et ner aesan 64.0 66.3
Alumina and a little oxideof fron.... ... ..o virirrrneninnan. s 21.6 22.0
7 1 2.5 4.5
3L S % 2.6
1 4
Potash...... e, e e eieiareaeaen. mostly potash { 1.9 3.0
B L 1.6
93.6 100.0

Another specimen from the side of mountain on the turnpike from Berk-
shire Valley towards Hurdtown, which was singularly hard and unch‘mged
by the weather, gave the iollowmg results :

Silica.... oot i et e e v e e e 75,40
Aluming, .o ove v iivinenennn.. et ann et ie et eean e aan 17.08
Oxideofiron.... .. ... i iiiiaannnn. et eeeean e aeaias 1.09
Magnesia ....... ... ieiiiiiiiieiie, et e arr e raaeaae .02
L T 2.02
1 N eear meweanan 2.03
Potash..o,oivves cvenennne. e et eeearaaaas et aner e, 4.03

99.09

A specimen of the tough greenish gray rock from the Hurdtown iron-
mine, which appeared to be very unchangeable, gave of silica 69.7, potash
8.6, and sodu 2.9 per cent.  All' these results are in accordance with the con-
clusions reached by others in regard to the easy decomposition of soda and
lime feldspars.

The composition of hornblende is variable, but consists mainly of silica,
alumina, lime, magnesia and oxide of iron. Being in much smaller quantity
than the feldspar, the products of its decay are much less conspicnons.  The
rocks containing it are, however, rough upon their surface, and in many

cases crumbling—showing that they are acted upon by the ordinary agoncies
of air and water. ‘

NOTE.
For continuation of the Azoic Formation see prge 309.
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DIVISION 1L

PALEOZOIC FORMATION.

Tne Paleozoic Formation covers all of New Jersey which lies northwest
of the Highland Range of mountains, together with several of the valleys
which are inclosed within those mountains. It consists of a series of con-
glomerates, sandstones, limestones, slates, and shales. They all belong to
the Silurian and Devonian Ages, but include several periods or sub-divisions
of those ages. The following periods are well marked in our state, and will
become the subjects of special deseription. The lowest and oldest will be
taken up first :

1. The Potsdam Sandstone Period.

The Magnesian Limestone Period.

The Fossiliferous Limestone Period.

The ITudson River Slate Period.

The Oneida Conglomerate Period.

The Medina Sandstone Period.

The Water Lime Period.

The Lower Helderberg Limestone Period.
The Oriskany Sandstone Period,

10. The Cauda Galli Grit Period.

11. The Corniferous Limestone Period.

12. The Marcelius Shale Period.

The rocks of these different periods have a general dip to the northwest,
so that the lowest has its outerop farthest to the sontheast, or next the
Azoic Rocks, and so in succession as we pass towards the northwest we
reach those which are higher and higher in the series. This is well shown
in the general section on p. 40, Tt should be observed, however, that on
account of folds and disturbances in the rocks, there are many places where

for a short distance the rock dips towards the southeast. The explanation of
this is casily seen in ahnost any of the sections.

R

= w
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POTSDAM BANDSTONE.

CHAPTER I.

POTSDAM SANDSTONE,

Tis sub-division of the Paleozoic Rocks received its name from the New
York Geologists, on account of its being very finely exposed at Potsdam, in
8t. Lawrence County, of that state. As indicated in its name, it is a sand-
gtone. It varies, however, very widely in its characters. In German
Valley, the Pequest Valley, and many other localities, it is a fine-grained,
light-colored free-stone, working readily under the hammer, and in some
demand for building purposes. In other localitics, as near Pcapack, Clin-
ton and Amsterdum, it is a quartzite, hard and almost unchangeable by
time or the elements. In various places along the Green-Pond Mountain |
Range, the rock is more like a red shale, soft, crumbling, and easily broken
down into mud. A good example of this can be seen in the middle of the
valley, one mile south of John P. Brown’s Hotel, at Newtoundland. But
in the largest number of cages the rock is a conglomerate, or pudding-stone, |
consisting of white and red quartz pebbles, of the size of a pigeon’s egg, ;
cemented in a quartzose paste of a purplish color. This is a most hard and
indestruetible rock. Tt is found everywhere along the Green-Pond Moun-
tain Range, from Succasunny to the state line, forming rough and ahmost
bare ledges along the mountains for the whole distdnce: and so little is it
affected by wear or atmospheric agencies, that it is the most abundant boul-
der over the whole country for many miles south of the range, and scatter-
ing specimens are found thirty or forty miles away from it. One weighing
700 or 800 pounds was found in a gravel bank, at New Brunswick, and is
now at Rutgers’ College. Its decided colors are pleasing to the eye, and it
has been used to form the walls of several expensive and prominent build-
ings. Near Flanders the quartzose rock has entirely disintegrated, and
become a bed of white sand. At various other places the rock is smooth
and even bedded, and splits into flags ; some of this sort were scen at the
hill near Suceasunny Plains,

The rock is evenly stratified, though some of the conglomerate beds are
very thick. In most cases this rock is found along the sides of valleys dip-
ping inwards, and passing under other rocks whichk occupy the middle of
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the intervening space. The accompanying sections demonstrate the rela-
tions of this rock to those above it.

The age of this sandstone is proved by its position, At Franklin Furnace
it can be seen lying unconformably upon the gneiss, and the magnesian
limestone directly over it.  Figures 19 and 20 are intended to show this point
as clearly as possible. The locality is on the road between the lotel and
the residence of Mrs. Col. Fowler. It is one of the best. exposures in the
state, and being near a noted locality of minerals it can be casily visited.
The mecting of gneiss and sandstone is best seen just at the west of the’
road, in the field, while the meeting with limestone is best seen in the road
ou the east of the wagon track :

Fig, 19,
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Section at Frank!lie Turnace.

Fra. 20,

Map showing strike of Azole and Paleozele rocks.
Franklin Furnace, Sussex Co,
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The section on the Zinc-ore map also shows this. In a railroad cut near
Butzville, shown in Fig. 21, the magnesian limestone is seen lying upon the

Fia. 21.
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Sectlon on Warren R.R., cast of Butzville.

Potsdam Sandstone, and the places where they can be found very nearly in
contact arc mmmerous ; but, these are suflicient to show that it is newer than
the gneiss and older than the magnesian limestone. The identification
of this with the Green-Pond Mountain Rock, hag cost much trouble. The
fact that the magnesian limestone is found in contact with it at Middle
Forge and West Milford, that masses of the conglomerate are fonnd in the
limestone at Gould’s quarry; ‘caleareous shales with fossils of the Trenton
Age are found in the fold of this rock at J. C. Cobb% near Newfoundland
and at Upper Longwood ; all show it to be the same with the Potsdam. The
section here predented, in Fig. 22, is drawn directly across the whole valley
of conglomerates and shales, and shows the structure and relations of the
conglomerates to the gheiss below, and to the magnesian limestone and slate
above. No fossils have been found in it. The only question that might
arise would be whether this immense mass of conglomerate might not be a
representative of the Huronian System of the Canada geologists. There
is no evidence yet to prove this, and after laborious and long continued
examination, we are unable to find in it anything except the Potsdam,
greatly developed as it may have been on its eastern border, and near
the place of its origin.

At Franklin Furnace, on the road between the hotel and Col. Fowler’s
residence, where this rock ean be scen lying on the gneiss and covered
by the magnesian limestone the whole thickness, is not more than
from 4 to 20 feet. Near Oxford Furnace and near Bntzville, there
does not appear to be more than from 10 to 20 feet of the sandstone.
And in all places where it has been found near considerable masses of
magnesian limestone, it appears to be developed in a layer ouly a few
feet thick. The rock of the Green-Pond Mountain Range is very much
thicker-—certainly not less than 700 feet opposite Green Pond, and in
the Bearfort Mountain, opposite the south end of Greenwood Lake,

10
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which shows a dip of 40° towards
the cast for a full mile, the conglom-
crate mnst be more than 3,000 fect
thick.

Though the rock varies through so
wide a range in thickness, there is
reason to believe it wnderlics the
magnesian  limestone everywhere;
and that it may with confidence he
looked for between the latter and the
gneiss wherever the two areseen near
each other. This view is also pre-
sented in the colored maps.  An in-
spection of the Azoie, Zinc-ore, or
Oxford Furnace map, shows the Pots-
dam between the other rocks, and in
its principal development shows it to
lic to the southeast of them.

The particulars of location, strue-
ture, and other characters of this
rock will now follow in detail.

Along the southeastern border of
the Ilighlands there are several out-
crops of quartzites and conglomerates
that probably belong to this geologi-
cal age. The most casterly of these’
localities is Mt. Paul in Morris Coun-
ty, a ridge lying south of the Wash-
ington turnpike and west southwest
of Mendham. The valley from Pea-
pack to Roxiticus lies at its eastern
base. Mt. Paul is a smooth ridge,
whose surface is covered by loose
masses of reddish quartz conglomer-
ates. Although no outeropping rocks
appear, the abundance of quartzose
material in the soil, with the great
numbers of conglomerate rocks on the
surface, indicate the existence of the
rock beneath. Magnesian limestone

A deep valley separates it on the west side
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* from the gneissof the Long Hill range. The rock of Mt. Paul consists of
a reddish-grey quartz matrix enclosing partially rounded pebbles of quartz
and more angular quartz masses,

South of Lebanon and west of Round Valley or Pickles Mountain, is a gmall
arca occupied by sandstone. Itssouthern limit is at Leigh’s limestone quarry.
On this side, as also on the west, limestone adjoins it. A ravine separatesit
from the gneiss on the north. The read to Lebanon forms the eastern limit.
The outcrop is of a triangular form, the southern angle being at the lime-
stone quarry. No rock was seen in place except at this quarry, where its
strata are in a vertical position. Elsewhere this area is covered with a
great deal of quartz rock in sharp, angular fragments.  About two miles
northivest of this point and about one mile northeast of Clinton, near N. 8.
Race’s and W. H. Yawger’s, ave two separate outerops of greyish white
quartzites. One is east of the road, and northeast of Race’s, forming a low
ridge bordering the gneiss rock, The rock is in place. Northwest of Yaw-
ger’s and close to the road, is another ledge of thesame rock. Higher up the
hill is the gneiss, while to the west and south is the Clinton limestone tract.
These are both narrow bands between the gneiss and magnesian limestone,
and hence of this geological age.

Tast of Amsterdam, and between that place and Spring Mills, is the high
hill known as Gravel Hill. This is supposed to belong to the Potsdam
Sandstone. It is a broad hill or ridge, rising quite gently to a peaked sum-
mit, whose altitude is nearly equal to that of the Musconetcong Mountain
north of it. ~ Southward it glopes away to the Delaware. On the north itis
partially connected with the mountain by an elevated neck, which is

‘the water-shed between Spring Mills and Amsterdam valleys. The sur-
face of the hill consists almost wholly of sharp, angular masses of red and
white quartz. Along the road north of the hill the surface is very white and
mostly of quartzose materials. Onlv one ledge was found, and that on the
southeast slope. The hill being covered by forest presents few opportunitics
for cxamining the roek in place. Tt is properly a quartzite conglomerate,
very hard, and of a mottled aspect, due to a mixture of white and reddish
quartz. The amount of this quartz on the surface indicates this as the rock
of the whole hill. .Futurc examinations, after the hill shall come to be
cleaved, may reveal other ledges, and furnish fuller evidence regarding this
locality. The red shale and sandstone lie avound its southern foot. The
hill ocenpics the interval between the Azoic and Triassie formations, and
therefore belongs, most probably, to the Potsdam Sandstone ; a portion of
it may belong to the Triassic Age.

About one mile from Gravel Hill, and south of the road to J. ohnson’s Ferry,
is a ridge very similarly si tuated to Gravel Hill.  Most of it is.red shale,
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but some beds on the north resemble the Potsdam rocks. The above-de-
scribed localitics are all that are at present known of this rock or formation,
on the southeast of the Highlands. The formation is so thin and the drifi
covering so thick, that we could not expect to find it at many points, even if
it were an unbroken band along this border of the Azoie rocks.

On the cast sids of the German Valley, at the foot of Fox Hill, large
numbers of sandstone houlders are found, They are identieal in appearance
with the:Potsdam sandstone found in other localities, and there is no doubt
the rock oceurs in place here, between the limestone and the gneiss, though
it has not yet been uncovered. The stone dresses casily and is durable.
The opening of a quarry at this place is entirely practicable, and would be of
value to the neighborhood. !

About one-cighth of o mils east of Kennedy's Mills in. Warren County,
near the road corner, the number of loose blocks of sandstone is such as to
lead to the conclusion that there is a narrow band of this rock interposed
hetween the limestone which crops out only a few rods west of it, and the
gneiss that occupies the higher portion of the Lill on the east. Ag the mili
and also east of it, along the Pohatecong Creek, ledges of magnesian lime-
stone appear.  East and south of this locality gueiss is found. The small
area between them affords an abundance of angular blocks of a greyish
sandstone or quartzite. Some of these are over ten feot in length.  They
arc 10t round, but angular,  This fact, with that of their numbers and their
situation, are sufficient to warrant the representation of this locality as Pots-
dam Sandstone.

At Mount Bethel, near the head of the Polatcong Valley, is another
locality of loose sandstone. They are to be scen along the road, east of the
creck, scattered over the surface, from the corner of the Mount Bethel
church road, southward, for a mile, or to the bridge over the Pohatcong on
the valley road.  They are very numerous and some of them are quite large.
No limestone is seen in the valley nearer than Kareville. On the cast riges
the gneiss range.  The drift which fills this valley and covers the slopes of
the mountains conceals all the ledges, leaving these loose stones as indica-
tions of the parent beds close at hand, These ledges most.probal_)]y occupy
the foot of the Pohatcong Mountain, and underlic a narrow belt of Magne-
sian Limestone that is hidden beneath the drift deposits of this little valley,
The rock so plentifully distributed over the surface is a greyish-white sand-
stone, compact and hard, and made up of sharp, angular quartz grains,
with a very few specks of a yellowish carth disseminated through it.

Sundstone appears on cach side of the Lequest Valley at Ogford Furnace.
It erops out on each slope in ledges that dip towards the valley, doubtless
running under the blue limestone that accupies the low grounds at the

NEW JERSEY GEOLOGICAL SURVEY




TOTEDAM BANDETONE. g

village. The rock is quarried on the western slope of Scott’s Mountain, a
few rods northeast of the Methodist Episcopal church. Not far above this
quarry on the side of the mountain we find gneiss in place. No other sand-
stone appears on this side of the valley in place, hut plenty of the loose stone,
indicating the existence of a continuous belt of the rock covered by drift,
On the opposite side of the valley the same rock appears in place along the
old railroad from the Furnace to the railroad depot. Beyond the depot
along the railroad there are several outerops, extending northeast to the
railroad bridge crossing Furnace Brook. Iere the dip is 15° 8. 60° E.
Between the depot and Mansion House the dip is about 20° E. 8. E. The
breadth of the sandstone north of the depot is about one-quarter of a mile,
_stretching from the meadow west to the wagon road. Near the village it
seems narrower, as the gneiss is close to it on the west. On the eastern side
of the valley it is algo narrow, the dip being at a greater angle and the slope
steeper. The rock is properly a quartzite of greyish aspect, fine-grained
and tolerably firm ; and has proved itself a good building stone.

A wery limited emposure of sundstone ovcurs along the Warren Railroed,
south of the Pequest River, and about a half mile cast of Butzville. It is
seen at two points in cuts along the railroad. The eastern one of these
consists of a few ledges in a side cut. This is between the gneiss of the
Pequest Cut and the railroad bridge across the river. lere the rock dips
abont 20° W. N. W. West of this, at the castern end of the limestone cut,
the sandstone underlies conformably the blue magnesian limestone. The
dip of the two rocks in this ent is 30° to the northwest. Only about ten
feet of the sandstone can be seen, and over it ten or cleven feet of thick-
bedded limestone, snceceded by a thin-bedded, dark-colored limestone. The
sandstone is a greyish quartzose mass, firm and hard. A refercnce to the
section on page 738, will show more vividly the relative positions and thick-
nesses of the several rocks.

Eust of the (Great Meadows, and about one and a half miles south of Long
Bridge, are two isolated patches of sandstone which probably belong to this
formation, Gneiss ledges em them in closely on all sides, except towards the
meadows. The most northerly outcrop is a few yards north of the school
lonse and near the twn of the road. A few rods east of southeast from
this is the other onterop. The dip is 20° N. 70°'W., towards the meadows.
The rock is very thick-bedded, and remarkably nniform in dip and jointage.
The mass has a greenish shade, with specks of a flesh-color. In composi-
tion it is quartz, in slightly rounded grains, with a little feldspar. The lat-
ter mincral points to the adjacent gneiss as its source. The stone has been
worked for building purposes, for which it is well adapted, as several neigh-
boring structures which are built of it attest.
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Fast of Ogdensburg, on the road going up to the Ogden Mine, there are
great numbers of sandstone blocks scattered over the surface of a toot hill
of the Wallkill Mountain range, but no ledges are known, The appearance
of the rock and its sitwation render it highly probable that it is of this age.

On the west slope of the fumburg Mountain, and a half mile from the
corner of the road to West Vernon, and that following the foot of the moun-
tain to Hardystonville, a greyish sandstone appears, but whether loose, or’
in place could not be learncd. Above it is gneiss in place, and down the
Lill the limestone dips gently towards the northwest.

The last appearance of sandstone in New Jersay along this border of the
gneiss is just south of Vernon village, east of the Snufftown road, and near
a spring run which comes down the hill to the main stream. This sandstone
alternates with a grey, calearcous rock.

About one mile northeast of Hamburg, at the foot of the mountain, be-
tween the road to West Vernon or Smithville and that to the Pochuck
Mine, is a similar outerop of sandstone. It occurs in the eastern face of a
narrow ridge that slopes westward to the mine road. This declivity and
the crest of the hill are of blue limestone. The roek in question is a calea-
reous sandrock, consisting of quartz grains cemented together by calcarcous
matter. Conformably overlying it in the hill is, fivst, a slaty, arenaceous
rock, followed by a bluc limestone in thick heds. The crystalline, or white
limestone, bounds it on the east. The dip of this series is 30° N. 60° W,

Along the northwest border of the gneiss, at FHranklin Furnace, there
is a very narmow outerop of the Potsdam Sandstone. Its exaet loca-
tion may be learned by reference to the Zinc-Mines map, where it is
represented by a brownish band between the blue limestone and the
gneiss.  This sandstone resting unconformably upon the gneiss, and capped
by bluc limestone, can be seen in lcdrres north of the Hamburg road,
and west of the New Jersey Zine Company’s engine-hiouse; also, on the
roadside near the Baptist church, and again on the face of .the hill south of
the Wallkill, The sandstone ranges from four to twelve feet in thickness.
The dip of this and the comformable limestone is 50° N. 40° W, while the
gneiss has a steep dip 8. 75° E.  The sandstone 1Qgreylsl1 quartmse very
hard, and moderately thick-bedded. In places it is quite coarse-grained,
and graduates into a true conglomerate. It has not been used for a build-
ing material.  Geologically, it is onc of the most interesting localities in
the state.  For a better understanding of the relative position of the rocks,
sce the figure on page 72.

The above deseription embraces all the known localities of this sandstone
on the northwest border of the Highlands. The extreme tenuity of the for-
mation as developed in this state, makes the discovery of many localities
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impossible, on aceount of the accumulations of drift and later deposits, which
cover up everywhere go much of the underlying rock. It is very possible
that others are known, and also that more will yet be discovered. At the
following places, it is said, thatsandstone is found loose, and seattered over
the surface: Secott’s Mountain, northeast of Uniontown, near the school-house
and road corner ; west and northwest of New Village, on the same range;
Silver Hill, south of Central Railroad, and southeast of Springtown ; and
also, north of the Pequest River, and cast of Butzville, on lands of John
Anderson. More careful explorations, after the country is cleared up, will
scttle these questions now so diffieult of solution.

Green-Poxp Mountaiy Rocks.—These include the long and continnons
ranges of Green-Pond, Copperas, and Bearfort Mountains, and also several
knobs and ridges of sandstone, south of the Morris and Essex Railroad, in
Morris County, ranging from the railroad southwesterly to Flanders.

Beginning ab the southowest, the first outerop is in the long, low, and flat-
tened ridge, which rises southwest of Succasunny Plains, and runs nearly to
Flanders. The road from Flanders to Suceasunny passes longitudinally
over this hill. A wet valley lies between it and Schooleys Mountain.  On
the north it gently descends to the level of the Plains, while on the cast the
slope is not so gradual.  The surface shows only loose quartzose rocks and
_stones. This is in places much mixed with drift, which, with the later
deposits of the Plains, surrounds the hill. The only exposure of the rock is
at the sand pit near the road-forks on the south end of the ridge, about a half
mile east of Flanders. As here scen it is in a state of disintegration, most
of it crumbling to a loose and coarse sand. It retains the marks of stratifi-
cation, and shows a dip of about 40° towards the southeast. It is white
and is made up of angular grains of sand of varying sizes, with a very small
amount of feldspar, and occasionally a white gnartz pebble. This excava-
tion is about forty feet deep, and in a well sunk thirty feet below the pit
bottom, the same rotten sandrock was found. Oceasionally a harder mass
is met with in the- digging, which will not readily crumble. These, how-
ever, after a while, yield to the atmospheric agencies and fall: to pieces.
This sand is extensively used by the Booriton Iron Company, being carted
to the canal at McCainsville, and thence boated to Boonton.

On a Vine with this outcrop, and west of Succasunny, is another sharp,
but smaller ridge of red sandstone, belonging to the same age as the Flan-
ders hill. The Morris Canal at McCainsville runs at the north end of this
ridge, and the road from the same place to Flanders gkirts it on the east.
Southward it sinks to the valley level a few rods south of the Succasutiny
and Drakesville road. Its breadth may average three hundred yards. The
surface shows a great deal of loose rock, and but very little of the outerop-
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ping edges of the reddish quartzose sandstone. The dip is to the southeast,
though accuracy in measurement is not attainable.

North of  MeCuinsville, following the course of the canal, and on the
west side of it, is another ridge quite similar to the last described. The canal
runs close under its eastern face which is quite steep. The other slope 1s
more gradual and covered by drift. The length of this ridge is about one
mile, and its breadth about a half mile. The roads north of MeCaingville
pass around the south end of it. Duck Pond les on the west. At the
southwest end is a quarry owned by J. 8. McDougall, where the rock dips
very steeply to the southeast. Here the rock is hard, massive, light-colored
and nearly all quartz. On the northeast portion of the ridge the rock is a
red sandstone, which splits uwp into thin flagstones, for which it is used.
This red rock appears to form the west slope of the hill, and rests upon the
white rock of the castern side. The ridge rises about one hundred feet
above the flat gronnd that surrounds it. It is a rough, and rocky ridge, and
mostly covered by forest. Quartz crystals are common at McDougall’s
quarTy. '

The nemt appearance of this sandstone is at the “ White Rock Cut,” on
the Morris & Essex Railroad, ncar Baker’s Mills, and .about one and a half
miles east of Drakesville depot. The hill here ent by the railroad is about
three lundred yards long from north to south, and about two hundred yards
wide. The cut exposes the rock for two hundred yards, and to a depth of
about fiftcen feet. The rock grades from a nearly pure white into a reddish
color. In texture it is compdct, but not very firm, most of it crumbling
easily, although not so readily as that at Flanders. Tt comsists mainly of
quartz grains with a little feldspar disseminated throughout the mass,
The dip is 45° 8. 60° E. Like the hills we have just described, the drift
surrounds it, so that the relation of this rock to the gneiss, supposed to lie
underneath it, is unknown. ‘

Near the Drakesville depot is another locality of this sandstone, occupy-
ing the southeastern face of a hill, the mass of which is of gneiss. Its boun-
daries are difficult of location on account of the drift. The road running
northeast from Drakesville skirts the foot of the hill, east of which is the
level of Suecasunny Plains. The northeast limit of this outerop is about one
hundred yards south of the railroad. The road from Drakesville to the de-

pot runs west of it. The outerops of sandstone on the crest and east face of

the hill, show a dip toward the ngrthwest. The whole area ig rocky and
covered with timber, From the N. W. dip it appears as if this was the
western leg of an anticlinal fold, the corresponding one being in the Me:
Cauaville hill,

North of the Morris & Hssex Railroad, in Morris and Passaic Counties,
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are several mountain ridges made up of shales, slates, schists, sandstones,
and conglomerates, among which the most prominent is that which gives
name to the rock, viz., the Green-Pond Mountain. These ranges run in a N.
N. E. direction from the Morris & Essex Railroad, through Jefferson and Rock-
away townships of Morris County, and West Milford of Passaic, to the state
line. Outside of the state the formation is continued in Bearfort or Rough
Mountain, and Bellvale Mountain to the New York & Erie Railroad, and
then in the clevated, broad Schunnemunk mountain to Pine Hill near Can-
terbury, which is the termination of the range. .

The longest and broadest outerop of this formation is in Bearfort and i
Bellvale Mountains. The other ranges are Copperas Mountain, with its |
extension known as Kanouse Mountain, and the ridge running thence to the
village of West Milford ; Green-Pond Mountain ; and a portion of Bowling-

Green Mountain. Green-Pond and Copperas Mountains are separated by

the narrow, elevated valley of the Green Pond. West of the former range

is the Longwood Valley, on the opposite side of which rises Bowling-Greetf |
Mountain.  In West Milford township the two ranges of Bearfort Moun-

tain on the west, and Kancuse Mountain, with its northern extension, on

the east, arc separated by a glate valley, which may be designated as the

‘West Milford Valley.

To show the structure of this remarkable mountain ridge more fully we
present several sections. Tio 23, is a section across the Green-Pond Moun-
tain near the Middle Forge. It exhibits the position of the conglomerate
in this ridge, and alse shows a small patch of magnesian limestone resting
on it, and farther to the southeast, the gneiss dipping away from the con-
glomerate, and unconformable to it.

L3

T, 23.

Mt.

Green-Pond

Conglomerate,

Fia. 24, 15 a section across the mountains at the upper end of Longwood
Vallev. It shows the gneiss on the west of the Longwdod Valley, the
11
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¢ UpperLongwood att. Slate in  the middle, limestones or
Road to Petersburgh. calcareous shales on the ecast side,
and the Green-Pond Mountain con-
glomerate on the top. Beyond this, in
the valley of Green-Pond Brook,
gneiss is the foundation rock, and in
Mt. Copperas beyond the conglomerate
again appears, but it extends no further-

Fre. 25, shows the long and large
fold of the conglomerate at the sec-
tion across the valley at Petersburg.

It explains itself so fully as to need
no further deseription.

Fic. 22 on p. 74, already given, shows
the structure across this formation in
Passaiec County.

For convenience of description the
boundaries of the several ranges are

“E811

Rockawny Rlver.

e PLA1Y

“INDLEIN

Green-Pond Mt,

"BLYUIRG IR

“Hasmaa(q 03 poosiueT Jeddn tmoay uo§iies

given separately, These coincide very
closely with. the basal eéntour lines of
the mountain ridges, since the valleys
are ocenpied by rocks of later geologi-
cal ages. The outcrops of these several
rocks are marked by decided natural
features, and the lines of demarcation
are such that they can almost always
be casily and accurately located.

As the Green-Pond Mountain has
the greatest extension towards the
south, we begin with a description of the boundary line of that range. On
the west this mountain is bounded by the Berkshire and Longwood Val-
leys, and the valley which opens north to the Pequannock River. The
southern end of the range is near the Rockaway River, about half a
mile north of the Morris & Essex Railroad. The mountain rises slowly
and gradually until its general height is attained, east of Upper Longwood ;
thence it continnes with a remarkably level crest nearly to the Pequan-
nock. Near the latter stream there is a slight offset to the west, and a
depression or gap crosses the range obliquely, on a northeast and southwest
line. The eastern face of this mountain is steep, and throughout most of its
length characterized by precipitous bluffs that are from one hundred to two
hundred feet high. The slope to the west is more gradual, although

Green-Pond Brook.

Copperas Mt.

"RLYIKNOIONET

4] 9U0 03 1%0] OOP'L ORI

Dunmark Forge.
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opposite Longwood Valley it 18
quite steep. The western bounda-
ry of the formation passes east of
the village of Berkshire Valley;
thence northward for one mile, the
road is the boundary line. Leav-
ing this road it keepsaf the foot
of the steep slope abont three hun-
dred yards east of the Rockaway
at Upper Longwood. Here the
fossiliferons limestone rests npon
the red slate of the Green-Pond
Mountain series. Keeping cast of
the stream the boundary line runs
thence to Woodstock Forge. At
the latter place it is only a few
rods from the stream, and here,
again, the fossiliferous limestone
appears above the Green-Pond
Mountain serics. From this point
to the Pequannock drift lics against
the foot of the mountain. The line
of division then pursues a direct
course, east of the creck, to Peters-
burg, and then ecast of the New-
foundland road to the Pequannock
River. This road is generally a
guarter of a mile east of the monn-
tain’s foot, and nowlere exceeds
half a mile. The range terminates
near Newfoundland, the river run-
ning around its northern end. The
castern boundary line of this range
crosses the Sparta turnpike near
the corner of the Middle Forge
road, which latter runs for some
distance at the.margin of the mea-
dows, and along the foot of the
mountain., It runs close to Mid-
dle Forge, along the western shore
[of the pond and so on until it meets
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the gneiss that lics between the Copperas and Green-Pond Mountains, This
gneiss outerop is very narrow, consisting of several ridges that extend from
the south end of Copperas Mountain nearly to Green Pond. The boundary
between this and the conglomerate west of it, passes over the fallen debris,
west of the brook, from the pond, at length ecrosses it and then follows
the road nearly to the site of Pruden’s saw-mill.  IHere the brook flows be-
tween low hills of gneiss, and the west boundary is a few rods west of it,
until the gneiss disappears and the pond is reached. No rocks in place ap-
pear at either end of the pond between the two ridges that inclose this cle-
vated lake-valley.  The gneiss may continue underneath the lake and drift
as a separating ridge or rock-wall between the mountains.  In the absence
of any such rock about Newfoundland where the depression is much greater,
it scems reasonable to suppose that the conglomerate fills up the whole in-
terval. This interval may be said to be on the top of the mountain, as the
lake is but two hundred feet below the highest peaks that inclose it. ~ Fossile
iferous limestone crops out near J. C. Cobb’s, about one and a half miles south
of Newfoundland, on the road to Green Pond.  West of it are the ledges of
the conglomerate, while on the east and northeast of it, the valley is oceu-
pied by drift supposed to rest on slate.  The road from Mr, Cobb’s to New-
toundland runs » little west of our boundary, crossing in its course some beds
of red slaty rock. North of the Pequannock River there is ashort ridge,
which the West Milford road traverses longitudinally, that may be consid-
ered the last rise of the Green-Pond Mountain ridge. It is about a mile
long, its northern limit being at the read-corner near I. Eckhardt’s. The
flat meadows of the valley border it on the east and west. It is a low and
smooth ridge, showing its rocky basis at but one point—on the east side
near Chamberlain’s hotel. This is the red conglomerate, and is in place.
Toward the north and nertheast this ridge declines beneath the slate of the
ralley. .

Copperas Mountain. This is similar in structure and appearance to
Green-Pond Mountain. It shows the same level erest and bluffs to the
southeast. The Kanouse Mountain and ridge to West Milford constitute
the prolonged range, in Passaic County.,

South of Green Pond the conglomerate of this range is separated from the
narrow tongue of gneiss by a long and decp gully or gorge. This eontinnes
nearly to the south end of Copperas Mountain, The two rocks form the
‘opposite walls of this ravine, being in places only a few yards and even feet
apart ; thenee, passing around the south point of this mountain, the gueiss.
forms the lower portion of the abrupt face while above is the coarse con-
glomerate. On the eastern slope of the range the line of demarcation be-
tween them is very sharply defined by the gneiss ledges which constitute the
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around, the line runs northerly over a mile, when it turns to the south-
southeast and follows a small stream, 8. 10° E. to a private rdad, which
constitutes its further boundary to the Milton and Longwood road. The
latter road is the northern boundary nearly to Milton. Leaving this road,
the line runs south of the village, and’ sweeping around a little valley
towards the southwest, crosses the Sparta road a few rods east of the grave-
yard. North of this road, almost to Russia, the sandstone and conglomerate
may be seen in a narrow ridge bordered by the drift of the valley on the
east, and by a wet meadow on the west, separating it from the Hamburg
Mountain.  This is a rocky ridge, sloping gently towards the west, but quite
abrupt on its eastern side. It is abont two miles long, and on an average
two hundred and fifty yards in breadth. Whether it belongs to the Bowling-
Green Mountain tract, or is a scparate outerop of the conglomerate, is not
quite certain, although the configuration of the surface is such as to indicate
that they are connected.

Bearfort Mountoin. This mountain is partly in New Jersey and partly
in New York. It consists throughout a portion of its range of two main
ridges or crests, between which lie Hank’s Pond, Cedar Pond and several
swamps. The western ridge is the highest. Both slopes are quite steep ;
that towards the valley of West Milford is much longer than the western.
It is one of the most jagged, rough and rocky ridges of the state. The
sharp edges of the outeropping rocks appear almost everywhere, except in a
few places where the drift has covered them. Nearly the whole of it is a
wilderness, crossed by only two roads. From the state line to Clinton Falls
the broad range is unbroken. At the latter place, the stream crosses it,
tumbling, in several rapids and falls, ninety feet over the ledges, on its way
to the Pequannock. Southwest of Clinton the conglomerate appears at a
fow points as far as the turnpike, south of which the continued but Iower-
ing ridge marks its further. extent to its southern limit, which is near the
river and a little northeast of Oak Hill. The boundaries are here presented
in detail.  Beginning at the state line, the western boundary line follows up
a valley to the Greenwood road. It continues up the valley, along the road
from Greenwood to Clinton, and then down another stream to a point about
two miles north of the latter place. Iere it leaves the brook and keeps
along the foot of the pneiss ledges, west of the road, for one mile; thence
following the gneiss hills, it crosses the outlet of Back Pond, passes by
‘Wm. Winter’s house, crosses a road that runs north and south, and, striking
a small brook, follows it across the turnpike to the south end of the range
near Oak Hill. The drift is here so heavy that the location of this line as
determined by the conformation of the surface, rather than by its materials,
Bending around thisend of the range, the boundary on the east side has a
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fower and more gradual deelivity, while above are the perpendicnlar cliffs of
conglomerate, with their fallen debris below. The gneiss is in places
two-thirds of the way up the slope. The two rocks were nowhere scen in
contact, 'although only a few feet intervene between them in many places.
This is the character of the rang¢ from Denmark Forge to the Pequannock
River, north of which the same phenomena are observed on the slope of
Kanouse Mountain as far as Macopin Pond. West of this pond the range
lowers to an altitnde of about two hundred feet above the West Milford
Valley. The boundary line between the gneiss and conglomerate runs west
of this pond, then up a valley to Gould’s limestone quarry, across the read
a little west ot Gould’s residence ; thence along the foot of the ridge, near
the sand-pits, Ly Ciseo’s quarries, and so on to the north end of the range
at the village of West Milford. At Gould’s and Cisco’s guarries, and one
intermediate point, the blue, magnesian limestone appears in gmall onterops
within the boundary just described. 'The sandstone at each of these localitics
comes in between the gneiss and limestone in very thin bands. Reference
to the Azoic and Paleozoic map, and to deseriptions of magnesian limestone
on succeeding pages, will give the details belonging to these places. Of the
valley botween Copperas and Green-Pond Mountains, south of the Pequan-
nock River, we have already written. North of this river the drift of the val-
ley rests against the foot of the mountain, and the boundary line between thetn
crosses the first road met (going north from the Pequannock), near where a
small streain crosses it, or afew rods cast of it. The next road (from Macopin
to West Milford) is intersected near a turn in it, at the foot of the ridge.
The line is about three-eighths of a mile east of Daniel Cisco’s. At Terhune's
mill the road approaches the mountain, and about threc-quarters of & mile
beyond this point it runs at the foot of the hill, and then riscs on its slope,
going to West Milford. Here the ridge disappears under the diluvial mass
of the valley, which stretches away to Greenwood Lake on the north. In
this low ground no rock was found except a few outeropping beds of gneiss
on the cast side of this valley. :

Bowling-Green Mountain, and the ridgewest of Milton. Bowling-Green
Mountain consists of a core of gneiss with the conglomerate wrapped about
the north end of it, forming the slope toward the valley on the north.
Drift of this valley borders the foot of the mountain; our line, therefore,
represents the boundary of this rocky slope and the drift level. The whole
mountain is so rough and wild that a deseription of the southern limit of
the red sandstone and conglomerate is almost impossible.  Beginning at the
road from Milton to Sparta, near the corner of the road to Woodport and
near D. 8. Headley’s, the line runs up the valley on a southwest course, to
a swamp where a tributary of the Weldon Brook heads. Then curving
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northeast course. It intersects the road from Clinton to Newfoundland
about lialf a mile south of the former place, and the brook from the falls
just below the lower fall. - Thence to the New York line it may be said to
follow the foot of the mountain and skirt the West Milford valley. It ia
about a quarter of a mile west of D. Cisco’s hotel. The road crossing the
mountain is intersected about three hundred yards from the corner of the
valley road. West of the village of West Milford the brook marks the
castern limit of this formation. The Greenwood road is crossed about
three-quarters of a mile west of Cooley’s. North of this road the boundary
line gradually approaches, and strikes the lake near the New York line.
For this distance the grit rock of the mountain i§.b011nded by a black slate
belonging to the Hudson River series. Between the latter and the lake are
several narrow belts of rocks, one of which is a red gonglomerate and proba-
bly belongs to the Green-Pond Mountain series of Rgks.  This has a white
conglomerate east of it and next to the lake. It is possible that this out-
crop or belt is a continuation of the West Milford and Copperas Mountain
range, reappearing from beneath the drift of the valley and running north,
and joining the Bearfort Mountain range near the state line, thus inclosing
the slate and other later rocks in a kind of basin or synclinal trough.

Most of the rock of these ranges is a coarse, red conglomerate in very
thick beds. DBrownish red and grey sandstones, with red slaty rocks, also
oceur. The coarse conglomerate secms to lie next to the gneiss while these
other varieties succeed it in their order of position. The conglomerate is
very uniform in character throughout these mountain ranges. It is made
up of large white quartz pebbles (sometimes four inches in diameter), with
a very few brownish-red pebbles imbedded in a red paste of angular quartz
graing and masses of larger size.” These conglomerate beds alternate with
thinner beds of red sandstone or shaly rock. The sandstone is coarse-granu-
lar and contains a few reddish pebbles, and slightly worn masses of quartz.
The shale is soft and arenaceous. Sometimes the same bed will contain two
or three irregulur bands of conglomerate separated by thicker masses of sand-
stone. These pebbly bands range from one inch to several inches in thick-
ness. Iligher up in the series there are more of thin sandstone beds; some-
times a thickness of fifty feet of thesc layers is interposed between the thicker
conglomerate beds. In the Bearfort Mountain there is a great deal of the
grey, thin bedded sandstone. This seems to form most of the eastern slope,
from the slate upward nearly to the top or eastern brow of the range. Oneach
side of the Green-Pond Mountain near the limestones, the rock is a shaly sand-
stone, grading into an arenaceous red shale. Itis well exposed east of Upper
Longwood, and at many points along this base of the mountaip, and also on
the east side about one mile south of J. P. Brown’s hotel. The same rock
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oceurs at the northeast base of Bowling-Gireen Mountain on the road to Mil-
ton. It also appears on the west side of the ridge south of West' Milford,
and on to the Kanouse Mountain, and to the Pequannock River. It can
also be seen at Clinton Fallg, and at many other points along the borders
of the valleys. This rock and the grey sandstone show cleavage at very
many places.  One of the best localitics to see thisis at Clinton Falls, where
the cleavage dips steeply to the southeast, splitting up the rock into flat,
irregular plates. Tt may also be seen east of the Longwood Valley, and
again at the foot of Bowling-Green Mountain.

Table of Bips of Locks in these Langes.

REEN-POND MOUNTAIN.

DIRECTION. AMOUN LOCALITY.
8. 60°-55°B.  70°-73= At an old quarry near the Sparta turnpike.
N. 50° W. 60° Berkshire Valley and Middle Forge road.
N, 85°-45° W. 75°-85° Red shale. East of Upper Longwood. .
8. 25° E. 40° 50 yards west of Righter's limestonequarry, Middle Forge,
N. 30° W. 40° Green-Pond Mountain, west of Denmark.
N. 50° W. §0° West s]opc of thie mountain, east of Petersburg,
N. 45° W, Steep. w ¢
Nw Red shale, on road to J. P, Brown’s, near J. €. Cobl's,
N w. Northwest of Green Lake hotel,
N. W. Modcmtc Near Chamberlain’s hotel, east of Newfoundland.

COPPERAS MOUNTAIN AND KANOUSE MOUGNTAIN,

N. 25° W. 55° Eastem slopc of Coppems Mountain east of Green Pond.

N.W. 40° “

N.35° W 50°-65° Road over Copperas Mountain, from Green-Lake hotel.

S. E. cies West side of + “ near the south end.

8. 65° E. 20° South end of  just mbove the gneiss,

N, E. strike, Vertical, Near the top of Copperas Mountain, at south end,

N. 60° W. 0° Top of Kanouse Mountain,

N.W. cies East of Terhune's grist-mill, West Milford,

N. 55° W. 60° Near the gneiss, east of Gould’s limestone quarry.

N. 65° W. 50° . west of Clsco™s « “

N. 65° W. 60° Near L. Payn's, south of Cisco’s quarry.

3. 65° E. 70° Near the M. E, Church, Dear West Milford,

Strike N, 25° E. Vertical. “ ! w
BOWLING-GREEN MOUNTAIN AND TUE RIDGE WEST OF MILTON.

E 8 L 40° One mile southeast of Milton, or on road to Longwood.

B 60°E 30° Eastern slope of Bowling-Green Mountuin,

8. 75° B, - 40° Bowling-Green Mountain., (Hauesser's notes.)

B.70° E, | 45°-50° “ “ sondstone, %«

B70° % vans u “ conglomerate. ¢ .
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DESCRIPTIQN.  AMOUNT. LOCALITY.

N W. e West side of Bowling-Green Mountain.

N. W. cees ‘On the road to the Ford Mine, from Milton.
N. W. Steep.  North enct of the ridge, near Norman’s.

N, E. strike.  Vertical. Crest of this ridge, near its north end.

N, W. On the cast side of this ridge.

BEARFORT MOUNTAIN.

N. 50. W. 30° Clinton Falls.
8. 45° E. Steep. West of D. Cisco's hotel.
8. 65°-60° E. 40° On the road from Cooley’s to Greenwood.
8. E. Ches Everywhere along West Milford Valley, N. E. of the Clin-
ton Falls,
8. E. . Along the road from Clinton to Greenwood.
L
12
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CHAPTER II.

MAGNESIAN LIMESTONE.

Trnis name is applied to the common blue limestone of the Kittatinny
Valley and the valleys of the Highlands. It is the Blne Limestone of
Rogers’ Report, and the Caleiferous Sandstone of the New York Geologists.
When free from other substances it contains 54 per cent. of carbonate of
lime and 46 per cent. of carbonate of magnesia, and in all cases the
amount of magnesia in it is suflicient to materially modify its properties,
and render it quite different from a pure limestone, The New York name
conveys an erroncous idea in regard to it, for it does not 'contain any sand
or other material to entitle it to the name of sundstone. The geologists of
the western states have adopted thename of Magnesian Limestone for this
rock. Its usefnlness will be increased by giving it a correct name, and it
is to be Lioped that this name will be generally adopted.

The age of this rock is determined, by its position above the Potsdam
Sandstone and beneath the Fossiliferous or Trenton Limestone. No fossils
have been found in it in New Jersey. It iswell characterized by its quality
and position in Pennsylvania and New York as well as in New Jersey.
This vock lies near the gneiss in all the Azoic region of the state, and as far
as has been observed, is only separated from it by the usually thin layer of
Potsdam Sandstone.  The general section, on page 40, and the sections show-
ing this rock at Franklin Farnaee and at Butzville, which are inserted on
pages 72 and 73, exhibit this rock in its proper relations,

The rock is fine and even grained, not at all crystalline; its lustre is
somewhat vitreous, and this has probably led to its misnomer. It varies in
color from a drab through a pale to a deep blue, and almost a black., 1t is
soft so that it can be easily seratched with a knife, and cffervesces when
sulphuric or other strong acid is dropped on it. It is in some cases o pure
magnesian limestone or dolonite, in other instances it contains a moderate
percentage of impurities, and cavities are sometimes found in it which con-
tain quartz crystals, Tt is divided into beds of different thickness, from six
or ¢ight inches up to two feet, and between these it is not uncommon to
find thin layers of a calcareous slate or shale; and in some localities the

’
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rock is go intermixed with earthy substgnée that it will not elack when
burned. Near its meeting with the Potsdam Sandstone there is an alterna-
tion of sandy and calcareous layers, as if the change from one to the other
had been a very gradunal one.

This rock lies in a series of long and narrow paraltel belts, which extend
from the northeast to the southwest. They are not in horizontal strata,
however, but are folded or doubled about certain lines or axes which lic in
their longest direction, and very near their middle. In some cases the
strata are folded upwards on these lines when the axis is said to be synclina,
in other cases they are folded downwards when the axis is said to be anti-
clinal.

Fia. 26. Figure 26 represents a synclinal fold
i H which was seen in this limestone near
g 5 '_§ Springtown. This kind of fold is very
common. ¢ Figure 27 represents an an-
ticlinal in the limestone cut on the
Warren Railroad a short distance nortl-
west of the Musconeteong.  Other sec-
tions to show this structure will be found in various parts of this work.
Along the castern border of the formation these folds are very deep and
close so that the rocks seem

Fie. 27. .
to stand on edge, while far-

Limestone. ther towards the northwest
\ the folds are much more open,
and the rock dips very gently
about the axis. For infor-

_ mation in regard to these
Section in rallroad cut, half a mile north-west of Changewster. axes and folds, the reader is
2

Bection ot B. Bhimers' quarry, Springtown.

referred to the Azoic map accompanying the report, and to the sections.
The rock does not occur in one district by itself, but is found in separate
places and surrounded by other rocks. The following list of these is given,
and fuller details of location, structure, composition, etc., will be found
under each.
List!
Peapack and Mendham.
Potteraville.
Clinton.
Little York and Spring Mills.
Amsterdam and Johnson’s Ferry.
. German Valley.
. Middle Forge and Macopin.

N L
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8. Musconetcong Valley.
9. Pohateong Valley and vicinity of Phillipshurg,
10. Belvidere, : :
11. Valley of the Pequest, Oxford Furnace to Vienna.
12. Lockwood and Roseville.
13. Sparta.
14. Vernon Valley.
15. Limestone of the southeastern portion of the Kittatinny Valley.
16. Tracts of limestone in the slate belt.
17. Valley of the Paulinskill,

1. Prarack axn Mesvimam.—This tract of Limestone lies in the valley of

Peapack Brook and the North Brancl of the Raritan River, and extends from

Peapack on the south nearly to the Mendham and Dover road on the north-

cast. Ite trend is north-nopthwest along the brook, and leaving that, then

towards the northeast to its limit in that direction. Its length of outcrop

1s about six miles, and in breadth it varies from one-cighth to half a mile.

On the south, and for a portion of its length on the west, the red shale of

the Triassic Formation bounds it. The remainder of the west boundary is

bccupied by Mount Paul.  The gneiss constitntes the bounding rock of the

other sides of the tract. Beginning at the Peapack Brook near the lower

end of the village, the western boundary of the limestone follows very

* nearly the cowrse of the stream to its forks, west of the hotel, where it takes

the westernmost branch, and follows it thenee to the Morris County line, It

then assumes a northeast conrse, across the Chester road, near the residence of

Isaac Philhower, and passes around the southern end of Long Hill near Elias

Englemamy’s, and again meets the brook about a mile beyond the Somerset

ling. Crossing thig stream the boundary line runs in a northeast direction

along tle lower slope of Mount Paul, and at length interscets the Washing.

ton turnpike near Nesbitt’s mill.  Beyond this road the narrow outerop con-

tinues up the valley, by Robert Forsytl’s, and nearly to the Dover road,

north of the village of Mendham., The Hinestone has been found only at a

few points, in excavations north of the Washington turnpike. It has not

been heard of east of the Dover road, Southward from this northeast ex-

| tremity, the brook is represented as the castern boundary to the junction
with Burnett Brook. Then leaving the stremm the eastern boundary lne’

follows the Mendham and Peapack road, probably a few rods west of it, to

the pond at Van Dorn’s mills. Thence through the village the belt of lime-

stone is not over a quarter of a mile in width, and its castern border is close

to the road—on the east of it, to Moscs Craig’s. Ilcre the tract sends off a

|

spur towards the northeast, which exposes the rock at intervals as far as the
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North Branch. Bounding this narrow strip the line returns to the main
tract and runs south to the starting point. That portion of the tract along
the Peapack Brook, or rather that in Somnerset County, occupies the inter-
val between Mine Mountain and the red shale and sandstone of the Triassic
. Formation. Therock thronghout this portion shows a westerly dip, as would
be expected from its position with reference to the adjacent rocks, The fol-
lowing are some of the dips as taken at their several localities: Moses
Craig’s quarry, cast of the village, 10° to the N. W.; Isaac Philhower’s
quarry, on the outcrop running towards the North Branch, 20° 8. 80° 'W. ;
quarry south of Philhower’s, 80° westerly ; near J. Smith’s, along the North
Branch, 40° southerly ; Daniel Jeralemon’s, west of the village, 30° W, N,
W.; Van Dorn’s, 40° N, 75° W.; south of the latter a few rods, 72° 8. 65°
W.; Peter Apgar’s quarry, 60° W. N. W.; Isaac Philhower’s quarry, in
Morris County, 70° N. 50° W.; Hilliard’s quarry, $0°-85° N. 50° W. The
northeastern portion of this limestone outerop is not so well exposed for
examination, and the dips are fewer and less regular. The rock in this
portion appears to dip both ways, to the northwest and also towards the
southeast. The dips observed are as follows: near J. Millen’s, 70°-75° S.
25° E. ; near Iast-mentioned locality, and east of it, 85° 8. 45° E.; at J. 1.
Nesbitt’s, 80° 8. 45° E. ; one-cighth of a mile further northeast, 60° 8. 45°
E.  Nearer the Peapack and Mendham road and necar the brook, dip was
T0°-75° N. 25° W, at one quarry, and 60° N, 10° W. at another, south of
it. At Bodine’s the dip was 63° 8. 63° E. Trom these dips it would seem
ag if there was an anticlinal axis running up this valley, over which the
limestone is steeply folded towards Mount Panl on the west and Mine Moun-
tain on the southeast. . .
The rock of this locality all belongs to the Magnesian Limestone, ap-
proaching very closely a true dolomite in its composition, Tt is generally
fine-grained, althouglh some of it is suberystalline, and in Tsaac Philhower's
quarry, in Morris County, there is a calcareous conglomerate, consisting of
quite large, rounded masses of limestone in a calcareous paste. This variety
is of small extent. In some of the quarries there are shaly beds interposed
between the more solid limestone strata. In shades of color there is a wide
range from the very light-colored, through drab-colored, red and dark grey,
to a shade that is almost black, These various colors are: seen in the same
quarry, forming suceessive or alternating beds of the rock. Thus at Moses
Craig’s quarry, east of the village, there is at the bottom eight feet of dark-
colored, suberystalline rock, overlaid by about thirty feet of a light grey,
fine-grained limestone. Some of the dendritic surfaces at this quarry are
very finely marked. At Philhower’s quarry east of this, and also at Jerale-
mon’s, west of the village, the stone is light-colored. North of the village

N\
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there is a large proportion of the drab-colored and reddish varieties. These
are to he seen in Van Dorn’s, Apgar’s, Lowry’s, Hilliard’s and Philhower’s
quarries.  All the stone here is very fine-grained and generally hard and
firm. At Apgar’s quarry the reddish layers seem to alternate with the
paler variety. The latter is quarried for lime, the red being rejected.  Some
of the limestone burned here is also quite red. The reddish layers here and
at Philhower’s are supposed to be identical with those at the guarries of
Van Dorn and IL Hilliard, which have been used for water-lime.  Most of
the stone at Philhower’s is pearl-grey in color.  Northeast towards Ralston,
the rock ig mostly of a greyish-blue color. A very large amount of stone
is quarried about D’eapack for hwning into lime. This manufacture of
lime has been going on for many years, so that the excavations are large
and numerous. The drab-colored and reddish beds were used for water-
lime in building a portion of the Morris Canal, Their composition is not
very different from that of the ordinary magnesian limestone, excepting
perhaps a slight excess of silica and alumina over the best grey limestone
of this neighborhood. .

2. PorrersviLLe, EasT oF 1 Lasineton Rrver—At Pottersville, cast
of the river, a light-colored limestone is quarried, on lands of George
Moore. It has also been found in digging twells in the village on the
west side of the stream, and in excavations on another farm east of
it. Its area must be contracted, for the red shale and gneiss outcrops
leave but a small area unoccupied by rock exposures, The probable limits
may be seen by reference to the map. The dip at the quarry of Mr. Moore
is 45°-50° N. 15° E. Here the cxposed bank shows ten feet of drift resting
upon the rock. Analysis of the stone from the quarry shows it to be a
dolmitic limestone, with a slight admixture of foreign matters, Northeast
of this locality, near the southern border of the gneiss, limestone is said to
have been found in the northwest side of a low hill, and also in the brook
which flows at its base on the north.

| 3. Crinron.—The limestone outerop under this designation extends from
| . Daswes’ mill, on Prescott Brook, northeasterly, by Allerville and Clinton Sta-
tion, to Clinton and the Spruce Run, and then westward between the Muscon-
cteong Mountain and the Monselanghaway Creek to Patenburg, Its length
ag thus traced out is about eleven miles. It varies greatly in breadth, being
over two miles across from Clinton to its northern border, while east of
Clinton it is scarcely a half mile in breadth. Towards each extremity the
outerop becomes very much contracted. On the north and northeast it
joins the gneiss slopes and is bounded by that rock, excepting at two points
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where the Potsdam Sandstone, already described, comes between it and the
gneiss.  The red shale of the Triassic Formation bounds it on the south
throughout its whole length.

Beginning at the most southerly onterop nt Dawes' Mills, the limestone occupies the
parrow strip between the road and the Prescott Brook west of it as far as Leigh's lime-
stone quarry (formerly Sharp's). Here it grows broader and takes a northwest course.
Tho line of division between it and the gneiss and Potsdam Sandstone crosses the brook,
and, passing by the quarry, intersects the Allerville road nearly a half mile west of
Hoffman’s mills, Thence its course is along on the slope of the hill cast of the Allerville
snd Clinton Station road to the Lebanon and Clinton road, between Beaver Brook and
the roilroad crossing. North of the Central Railroad along this brook, the blue lime-
stone is quarried on M. Creamer’s farm. It probably extends but a short distance beyond
his quorry. Returning across the railroad the boundary line runs southwest and then
west to the south of Clinton Station, and bending northerty it passes east of N, 8. Race’s
and follows parallel with the road a northwest course to the South Branch. From this
stream the boundary continues its northwest and northerly direction, cressing the Spruce
Run turnpike near “the grey rock,” to the junction of Willoughby Run with Spruce
Run. Here the direction changes and the boundary of the limestone follows the base of
the Musconetcong Mountain to the western limit of the tract at Patenburg. From the
Spruce Run west to the echool-house and road-corner, the road is but a fow rods south
of the limestone boundary. West of this the road is about three-eighths of a mile south
of the mountain’s base which bounds the limestone, and which gradually approaches the
road, until at Van Syckle's it is but a short distance north of it. Beyond this the out.
crop is very narrow, and at length disappears near Patenburg, The southern boundary
of this limestone is also the northern limit of the red shale. The Monselaughaway
Creck or Big Brook scparates the two formations to the junction of the Black Brook
with this stream. Departing from the creek at this point, the boundary line pursucs
thence & southeast course, across the road te Union Farms, near G, Conover’s, to the
Clinten and Pittstown road, near the outskirts of the former village. Here its direction
changes to the cast and it follows a small brook to the South Branch. After crossing
that stream it runs northerly to Beaver Brook, which it follows for a mile or so. Again,
deflected, it runs west of the Allerville and Qlinton Station road, and in a sort of depres-
sion, about a quarter of a mile west of said road, almost to the village of Allerville, It
however passes a little northeast and then east of this village, on o southeast course, and
crossing the road to Hoffmsn's mills near D). &. Krymer's, meets Prescott Brook south of
Leigh's quarry. Thence in a southwest dircction, this brook forms the western limit of
the narrow tract to its most southern limit at Dawes' mills. The lines limiting the tract
s thus deseribed are very nearly accurate, the outerop of the several rocks being so fre-
quent as to leaye but few points at all doubtful. It is reported that limestonc has been
found near the mouth of Prescott Brook, on the farm of Ezekiel Cole. This is more
than a mile south of Dawes' milly, the furthest known limit in that direction. It may
be the continuation of that cutcrop, but at present there is no evidence favoring it.

North of Clinton, along Willoughby Run and nearly a mile north of the
Central Run, limestone has been found in suflicient quantity to yield five
Lkilns of lime. This was on Edgar Lance’s farin, and near the brook.  'When
visited no rock ecould be found in place, and the gneiss all around seemed to
warrant the belief that the rock worked was a large boulder, lying ncar
the stremn among the other drift materials of the locality. If in situ it
cannot be connected with the Clinton tract, since the gneiss fills up the
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whole of the valley south of Mr. Lance’s, or as far, at least, as the
railroad.

The rock of this tract generally dips towards the west or southwest. At
a few of the places obscrved the dip was towards the east or southeast. The
only inferenee to be drawn from these observations on the position of the
Deds, is, that they incline away from the g:neiss, towards the red shale that
laps over their southern border. The following table of observed dips is

given:

DIRECTION. AMOUNT, LOCALITY.
N. 10 W, strike.  Vertical. One-quarter of a mile west of Clinton Station.
8. E. 30° A. H. Hoffman’s quarry, south of Clinton Station,
N. W. Steep. | Foulkerson's quarry, southeast of Clinton Station.
8. 50° B, ' 50° Race’s quarry, half a mile cast of Clinton Station,
8. 50° W. 6o0° Halsted’s quarry, Clinton,
8. 15° K. s0° One mile cast of Clinton.
5. 80° W. 49° South of Beaver Brook, near Clinton,
Btrike N. Vertical.  Allerville road, onc mile south of Clinton Station,
N. 75° W, s Nenar 8. Leigh's, north of Allerville,
N.75° W, 65° Near B. Fritt’s, northeast of Allervilie,
N. G0° W. Stecp. Quarry, one quarter of a mile north of Allerville, and cast
of road.
. Vertieal. 8, Leigh’s quarry, near Hoffman's mills.
South of West. 70° Prescott Brook, near Dawes’ mills,
8. 80° W, 50° ‘Wm. Mulligan's quarry, Clinton.
8. 60° W. 55° Gulick’s quarry, Clinton,
8. 65° W. 63° Near . Conover's, south of Big Brook.
S 45° W, 50° Near John Cole’s mill, Big Brook.
S. 45° W. 50° North bank of Brook, southeast of . Bird's.
N.50° W, 15° Wm. Bonuell’s quarry, north of the road to Perryville.

The Clinton limestone is generally of a light drab-color, very hard,
cryptoerystalline, or massive, and breaking with a smooth {racture. Some
specimens found at Mulligan’s quarry are buff’ and reddish shades, in irre-
gular masscs, due to an oxidation of the ivon. A variety used for building
stone is bluish black, very hard and compact, and subeonchoidal fracture.
The great mass of the stone of this tract is characterized by its light drab-
color, and its compact texture. Several analyses showed it to be a magne-
sian limestone. It is essentially a dolomite, modified by more or less foreign
matter. An immense amount js quarried in the vicinity of Clinton for
the making of lime.

Southwest of the main body of the Clinton limestone there are three iso-
lated outerops of the same formation, due apparently to the denudation of the

overlying shale.  The most southerly of these is about half o mile southwest -

of the Sidney Church, on lands of H. Hoffman, who has guarried it for lime.
Tt is a very limited area and about forty rods west of the Clinton and Pitts-
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town road. It dips 30° N. 50° W. It is almost black, very compact, and
“traversed by seams of calcite and quartz.

About one mile north of this locality is another exposure of a very similar
rock on the farm of Aaron Dunham. Its area is also very small.

Nearly on a line connecting these localities and prolonged northward,
there is a third onterop of limestone. It is on lands of Wm. Bonnell, and
lies north of the Clinton and Perryville road, and not far from a school-house.
Tt has a dip of 15° N. 50° W. The rock is in very thin beds (averaging two
inches thick), and dark-colored. It resembles that at Hoffman’s and Dun-
ham’s. This latter outerop is not over half a mile south of the Monselaugh-
away Creek, or southern border of the Clinton tract,

4. Lrrrre Yorx anp Spring Mrs.—This is a narrow belt of limestone at
the foot of the Musconetcong Mountain, extending from Spring Mills north-
eastward to Little York. Its greatest dimensions are four miles long by
half a mile in breadth. At Little York it is seen north of the village as far
as Ben. W. Alpaugh’s residence. It runsthence west by W. J. Duckworth’s
and W. Vanderbilt’s, north of a small brook, by Van Syckle’s and Bunn’s
quarries, sonth of Henry Cole’s and a little north of Spring Mills to its ter-
minus in that direction. It appears in the road north of Spring Mills, and
a short distance west of this road.

5. AmsrErpaM aND Jounson’s F'Erry,—The magnesian limestone appears
along the base of the mountain at several intermediate points between Am-
sterdam and the Delaware River. Tt occupies the northern side of the little
valley near the Presbyterian church east of Johnson’s Ferry, and crops out

. at threc or four places near Amtserdam. Whether these separate expo-
sures are parts of one continunous belt of rock is not known. If they are,
the hill south of the valley road belongs to the Triassic IFormation,
instead of the Potsdam Sandstone. The breadth of the outcrop does not
exceed two hundred yards. The furthest extent easterly is mear the old’
store at the corner of the road, in Amsterdam. Herea slaty limestone, or a
calearcous slate, is found in the roadside, east of the bridge. South of west
from this corner, the dark blue, suberystalline limestone appears in the bed
of the brook, south of Elias M. Rapp’s, showing itself several rods along in
the stream. It is here in a horizontal position. Forty feet south of the
stream the red shale forths the side hill next the meadows. North of this
the surface rises into the slope of the mountain, so that the outerop is here
very narrow. The following section shows the relative position of the rocks
at this locality :

13
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Fra. 28.

Magnenun imestone,
Red sandstone.

i

Bectlon near E. M. Rapp's, west of Amsterdnm, Munterdon Co.

About one hundred and fifty yards west of this and north of the hrook is
a small quarry.  Limestone of very fine grain and light-colored, was former-
ly quarried on lands owned by Willis Vanderbilt, formerly the farm of Wm.
Snyder. A large amount of stone has heen taken from this locality for lime.
It is now so covered by earth and debris that the rock is not exposed. An
analysis of limestone, said to have been obtained from this quarry, yielded
only a small percentage of magnesia.  The road from the old store to this
point is probably the northern boundary of the limestone. Going southwest
towards the Ferry the next visible rock, in place, is south of R, T. Moore’s
and the road, in a quarry where the dip is 30° 8. 50° E. Tt is a pale-grey
stone, smooth fracture, hard, and apparently contains much quartz.  De-
scending towards the river, the rock is again seen north of the road and a
few rods N. N. E. of the Presbyterian church, in a side hill sloping towards
the Amsterdam road. The dip here is 50° towards the sontheast. Further
north on the west side of the hill, facing the river, is an old quarry that was
worked for water-lime many years ago. It dips to the southeast. North of
it is the gneiss of the mountain, and south at the church is the breceiated
conglomerate belonging to the Triassic Rocks. The conglomerate south of
the road and the church has a dip of 40° N. 60°'W. The rock of the old

quarry north of this church is a grey, suberystalline mass, traversed by
seams of calcite.

6, Gerymax VaLLey.—Limestone occupies most of this valley, from Sharp’s
mills, north of Naughtrightville, in Morris County, to its southwestern end
below California, in Hunterdon. The distance between these two terminal
points is about nine miles. The breadth ranges from an eighth to half a
mile, according as the valley widens or contracts. The valley lies between
Schooley’s Mountain on the northwest and Fox Hill on the southenast, both
of which are gneiss. ‘Toward the northeast the valley is continued to Barte
leyville and Flanders, and beyond that its continuation is known as Sucea-
sunny Plains, The boundary of this tract is traced with much difficulty,
in consequence of the large amount of drift in the valley. In a well at
California this was found nearly one hundred fect thick, r¥sting on the
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limestone. Beginning on the South Branch of the Raritan River, at the
mouth of a small brook that comes from the west, near Oliver Bunn’s, the
river, running at the base of TFox Iill, forms the eastern boundary line
through California to the Morris County line. In the latter county the
boundary follows for one mile a small stream, .and then skirts the foot of
Fox Hill to the Washington turnpike. In the absence of any rock outerop
on this side of the valley, the location of a geological boundary is deter-
mined wholly by the appearance of the surface. The dividing line between
the mountain and valley is considered as coinciding with the eastern Iimit
of the limestone. The turnpike is erossed a few rods east of the Naught-
rightville road. The extreme northeast limit of the tract, as at present
known, is at Sharp’s mills, where the rock was found in digging a well
south of the pond and road on Sharp’s lands. It is possible that this lime-
stone is continued up the valley, but-so deeply covered by drift that it has
not yet been discovered. The absence of any outcrops, and the fact of its
never having been seen in any excavations, operates against its existence
there within any accessible distance from the surface. The configuration of
the country, on the other hand, intimates its extension in that direction.
The western boundary may be said to run at the base of Schooleys Moun-
tain and west of the river and the villago of German Valley,  From Sharp’s
mills this line runs across the country to the western branch of the river,
and very closely follows it to its union with the main branch. South of
German Valley, for three miles, the stream is close to the foot of the moun-
tain; then diverging from the South Branch it runs nearly to Wack’s
wmills, just cast of them; then southward its course is near the road as far
as R. Gray’s, after which it is west of the road and Presbyterian Church,
again coming to it west of California, near a small stream ; thence to the
southern limit the valley road marks the extent towards the west. South
of this the mountains on each side come down to the river, forming a gorge
through whicl: it makes its way thence to Iligh Bridge. This valley, from
California northward to the Washington turnpike, is characterized by a
central ridge, which is elevated above the ground along either border. 'This
may be due to an anticlinal axis running through the valley, along which
the rock has been uplifted. The dips are generally at small angles and
towards the northeast or southwest, with perhaps two or three exceptions.
These are given in the following table :

g

DIRECTION. - AMOUNT. LOCALITY.

N.W. Gentle.  Naughtrightville,

N. 70° W. 5°-10° D, Neighbor’s quarry, northwest of California,

8. 10° E. 20°-35°  Quarry north of Jaceb Neighbor's, and near village of
German Valley.

N. 60° E. 5°-10° Jacob Weiss's quarry, north of California.

N. 60° E. 5°-10°  Mre, Venoy's  © “« w
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DIRECTION, AMOUNT. LOCATION.
N. 20° E, 25° East of Wack’s mill one-quarter of a mile,
N.20°E. 20° Elias V. Creager’s, north of Californis,
South. 33° Huommer's quarry, west of the river and one-quarter of a
mile south of California,
West ? 20° Philbower's quarry, south of above.
South. ) George Flommerfelt’s quarry, near ¢nd of the valley,

From the above table of dips it will be seen that there is nothing definite
as to an axis of elevation. At Jacob Neighbor’s quarry, in Morris County,
the rock is much disturbed, showing folds and contortions, This is seen
north of California on the top of the ridge. All these facts point to dis-
turbing forces, but do not indicate the lines along which they acted.

The rock of this tract is variable in appearance and quality. There is
some slaty limestone of a greyish color; most of it is, however, a compact,
hard, magnesian limestone, containing more or less quartz intimately mixed
with the caleareous mass. Insome localities the quartz is quite a large per-
centage of the rock. The color ranges from greyish white to a dark blue,
That at the southern end of the valley appears to be of darker shade than the
stone of the more northern quarries. All of itis fine-grained. The stone is
largely used for burning into lime, as the number of quarries would indicate.

7. More Forge aND Macorin,—This formation occurs in a number of
detached outcrops along the Green-Pond and Copperas Mountain ranges,
The principal localities arc included in the above heading. The outcrop at
Middle Forge is on lands of George Righter. It is not over two hundred
yards long from north to south, while its breadth is only a few yards. It is
about one hundred and fifty yards west of the road, and southwest of the
forge. West and also northwest of the limestone, and not more than fifty
feet from it, is the red conglomerate. The limestone dips 45° N. 60° W, as
now exposed. At the bottom the dip becomes steeper. It lics in a syneli-
nal fold in the older conglomerate. The scctions across the Green-Pond
Mountain, already given, explain these statements. The meadows of Green-
Pond Brook lie east of this knob of conglomerate and limestone. - The
rock is thick-bedded, blue, compact and non-fossiliferous. The quarry here
is quite a large excavation, whence a considerable amount of stone has been
taken for lime.

North of Middle Forge about half a mile and wost of the pond, is an
old quarry, worked about twenty years ago. The limestone constitutes a
low ridge about one hmndred and fifty yards long, bordering the pond, while
on the west is the debris fallen from the conglomerate cliffs of the moun-
tain. In a horizontal distance of twenty feet the dip changes from stecp
E. 8. E. to horizontal, showing a synclinal fold upon the conglomerate which
runs beneath it. The rock is in thick beds. Some of it is a compact, grey,
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magnesian limestone, but there is a large proportion of a soft, drab-colored,
argillaceous rock mixed with it.

‘Macoriy.—In West Milford township the magnesian limestone erops out
at three points along the eastern side of the conglomerate ridge. Their
positions as related to the gneiss and conglomerate are very simiPur, being
separated from the gneiss by a thin band of sandstone. Going north the
first outcrop is on the farm of Richard Gould. This forms a series of low
kuobs about three hundred yards long, from northeast to southwest, and
not over fifty yards in breadth. A meadow, one hundred yards in breadth,
separates them from the conglomerate ledges on the west. 16 is separated
from the gneiss to the east of it by a narrow belt of quartzite and sandstone,
nowhere one hundred feet thick, and generally but a few yards across.
About an cighth of a mile south of the limestone is Macopin Pond. The
Jimestone dips 60° N. 60° W. The silicious conglomerate east of it has the
game northwest dip, beyond which is the gneiss with its usual southeastern
inclination. This conglomerate and sandstone east of the limestone, runs
one hundred and twenty yardé beyond the latter, in a southerly direction,
where it disappears beneath the earthy deposits at the head of Macopin
Pond. The limestone is mostly of a pale-bluish color, compact, and
fine-grained. Some of the beds are silicious or quartzoze; others contain
masses of conglomerate and reddish quartz rock imbedded in the calca-
reons matrix, indicating a formationsince the deposition of the conglomerate
of this region. A system of joints dipping towards the southwest splits up
the rock so regularly as to closely resemble stratification. The quarry at
this locality has yielded a very large amount of stone for making lime.
Analysis shows it to be magnesian in character.

About one and a half miles northeast of Gould’s is thenext outcrop of this
rock. Tts extent from southwest to northeast is about three-gquarters of a
mile—along a little vale east of the ridge of conglomerate. DBeginning on
the northeast, about three hundred yards south of the road, which crosses
the ridge from Terhune’s mill, it runs uninterruptedly, on the east side of a
small brook, about three hundred yards. The rock appears again in asmall
knob about an eighth of a mile further np the valley. The next and last
outerop on the south is on the west side of the stream, and near L. Payn’s.
As above stated it is threc-quarters of a mile from the northernmost outerop
or Cisco's quarry. The extreme breadth does not exceed one hundred
yards. A narrow meadow separates the ridges owned by Mr. Cisco from
the thick-bedded conglomerate west of it. About two hundred yards south
of Ciseo’s quarry a whitish conglomerate intervenes between the gneiss and
limestone ; north of this it does not appear. It is probably covered by drift.
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At Payn’s quarry the limestone is scen, resting conformably upon the red
conglomerate. Their dip is 60° N. 55° W. This is but a small excavation
in the east side of the ridge. Lower down in the meadow the blue lime-
stone has been worked, but not sufficiently to get at its dip. At Cisco’s
quarry the dip is 65° N, 50° W.  This is ncar the kiln.  Further south it
is 55° N.55° W. The rock varies in color from a reddish to a light blue.
Some of the beds are quite shaly, while others are firm and golid, and very
fine-grained and smooth in fracture. About three hundred tons of this
stone is used at Ringwood Furnace annually. Analysis shows it to be very
similar in eomposition to Mr. Gould’s.

8. Musconercone Vavrrey.—This long and decp valley of the Mighlands
is oceupied throughout nearly its whole length by blue limestone and slate.
The latter forms the clevated ground in the centro of the valley, betwecn
Hackettstown and the Warren Railroad, and a ridge west of Ashur A
with two smaller arcas towards Bloomsbury. The slate outerop north of
the Warren Railroad fills nearly the whole of the valley, from Port Colden
northward to the end of the ridge south of Hackettstown. That west of
Asbury s not so broad nor so long, forming a rather sharp ridge in the
centre of the valley. These slate tracts will be deseribed hereafter in the
chapter on Hudson River Slate. With the exception of these rocks the
valley has a limestone basis. A characteristic feature of this valley is its
smooth surface, nearly all susceptible of tillage. Thisis due to the abscnce
of rocky outcrops, so frequent in many limestone districts. The covering of
earth and drift is not, however, very thick, so that the rock is found in
nearly all of the excavations, and along the ravines and the Musconeteong
River. It is sufficient, however, in many places, to render the location of
geological boundaries a matter to be determined by the soil and the mountain
barriers that inclose it. These are, on the southeast, Schooleys and Mus-
conetcong Mountains, and on the northwest, Alamuche and Pohatcong
Mountains. The length of thelimestone as measured from near Bloomshury
to the Sussex County line, is about twenty-five miles. TIts breadth averages
about two miles, ranging from one to three miles. A general description
of the southeastern boundary of this limestone, as well as that on the north-
west, has already been given. The following detailed account is added here :

Beginning at the southwest, about onc mile below Bleomsbury, on theriver, the enstern
boundary line, departing from it, crosses the Pittstown road ahout half o mile from the
village, and then follows a eourse nearly paraliel with that of the Central Railroad to
Valley Station, Its distance from the railroad between the latter and the Bloomsbury
Station is about one-quarter of a mile. The stone is cut ot each of these points along the
railroad.  From Valley Station to Asbury the ling runs a little northwest of the railroad,
and so continues for 4 mile further on, from whence it diverges to New Hampton. This
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village is at the eastern margin of the limestone, as appears from the rock being quar-
ried along the river, while in the railroad cut above the village there is gneiss in place.
Thence to Changewater the boundary line runs a little below the Warren Railroad on the
foot of the Musconetcong Mountain, From Changewater to Squier’s Point no limestone
has been found east of the river, but the very gentle rise for three or four hundred yards
from the stream, going eastiward, indicates that as tho underlying rock. From Squier's
Point almost to Pennwell the river marks the limit of the gneiss and limestone. At the
latter place the limestone may cxtend half a mile from the river, on the Morristown
turnpike, to the comer of a road, which runs along the base of the hill for over halfa
mile northerly, where the rock is quarried near J. C, Miller's. Beyond this, through Mor-
rig County, there is very little limestone in place, east of the creek, but the extension
of the valley to Schooleys Mountain, the abundance of loose stone, and the sink holes,
show limestone to be the basis of the valley, and the foot of the mountain its boundary.
Assuming this as the boundary line it may be said to run through Stephensburg, enst of
Beattystown, across the Hackettstown road, about half a mile northwest of the mineral
spring. Thence it runs northerly along Mine Brook, being nearly half a mile cast of the
river and Hackettstown. Beyond this the portion of the valley east of the stream is
filled with drift almost to Waterloo. This strip is not over four hundred yards in
breadth, and the boundary line may be located at that distance from the Musconetcong,
from Mine Brook, to the Morris and Essex Railroad, which is thence near the border of
the valley on to Waterloo. How far the limestone extends up the valley beyond the rait-
road crossing over the river, is very uncertain, The last outerop seen is along the rail-
road north of Hackettstown. This continuation of the same general features of the val-
ley to the railroad and creck-crossing above mentioned, scems to indicate its existence
that far northward, Beyond the valley contracts in width and resembles more the valleys
of the Azoic districts, than those occupied by limestone. It is possible that this Yime-
stone continues uninterruptedly up the valley, by Waterloo and old Andover Forge, to
Lockwood and Roseville, where two small outcrops are seen. At present the evidences
in favor of such a belief are not sufficient to warrant the representation of the valley as
ull of blue limestone.

The western boundary line of the limestone, beginning on the north, feliows the south-
east foot of Alamuche Mountain, along the river and then along the Morris Canal, with
one exception, to Buck’s Hill, west of Hackettstown. About a mile north of the village
the canal bends around some knotls whicli the boundary is supposed to cross, in & direct
course towards Buck's Hill. North of this hill for two miles the surface west of the
canal i3 very uncven, on account of the great mass of drift which conceals all the rocks,
and renders any loeation of geological lines doubtful. The limestone may extend west of
the limits which we have assigned to it, but if so, it will never probably be found, in
such & group of drift hills and ridges. South of Hackettstown this boundary is quite
dofinitely fixed by the contour of the country, the gneiss forming a steep ridge or moun-
tain that bounds the valley from thence to Port Colden, The canal is approximately on
the line from Hackettstown for that distance, passing through Rockport and Port Murray-
At one point on this line the limestone has been found above or west of the canal, That
was at Frederick Searle’s, one and a half miles from 1lackettstown, At Rockport also it
may possibly extend a short distance west of it.  South of the latter place the east bhoun-
_ dary of the gneiss may be in n swale cast of the conal. It is also cast of it near Planc No.

6, west. Along by Rockport and Port Murrsy the railroad cuts expose ‘slate at severnl
points. This is close to the gneiss outcrop, and it may be that the slate rests imme-
diately upon the gneiss without any intervening limestone. If the latter formation is
between them, it is of necessity very marrow. Themap represents s rarrow band sepa-
rating them along this portion of the valley border. Near Port Colden the slate dis-
appears, and thence to the southern end of the valley the gneiss is bounded by the lime-
stone. At this point the line crosses the Morris and Essex Railroad, and runs a south-
southwest course to the Delaware, Lackawanna and Western Railroad. nof quite half a
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mile east of the railroad junction and Washington depot. On the same course the line
runs along the foot of o low gneiss ridgeto the Washington and Hampton road, about
three hundred yards southeast of the cemetery. -From this point the boundary line runs
nearly parallel with the road and southeast of it, near William Miller's, to a sharp turn
south of Mr. Miller's residence. South of this point for three miles the boundary and
the valley border is a few rods east of a road, which passes over the mountain slope.
This road crossing the mountain to Stewartsville, the line borders the mountain to its
southwest termination, being in places not over half mile in a straight line from the
Musconctcong River. A little north of Bloomsbury it is nearly onc mile from the stream.
Between the end of the Pohatcong Mountain, and the hill east of Kennedy'’s Mills, there
is o gap or depression in the range of gneiss. The limestone of this and the Polateong
Valleys may be connected through this gap.  The absence of any outcrop in it operates
sgainst the supposition, and hence the line of gneiss and limestone is represented as
running from the end of the mountain across the Stewartsville and Blocmsbury road, by
J. Bmith’s house, and then along the eastern declivity of the gneiss hills to the Central
Railroad, about one mile west of the railroad bridge over the Mnsconetcong, or a little east
of the long cut. South of the railroad the line curves to the east and comes to the river
at the point of starting, about a mile southwest of Bloomsbury. South of this the gneiss
closes up the valley to a narrow, rocky gorge, through which the river finds it way to the
Delaware,

The rocks of this valley form a synclinal fold that has been pushed over
so far towards the northwest that the strata of the southeastern half or leg
of the fold show a steep southeast dip, that of the other leg being more
gentle in the same direction. This peculiar structure has been styled by
Prof. H. D. Rogers, in his survey of Pennsylvania, a folded flexure. This
explains the prevalent southeast dips of the valley. There may be one or
several of these flexures running longitudinally through the valley, so
squeezed together that their separate determination and location is now an
impossible matter. The abrasion and decay of the surface has removed all
traces of the upper curves, so that what is left is really a section across the
folds. The slate of the valley lies folded between these limestone beds,
and its trend being the same as that of the valley itself, it may be inferred
that the axes or axial planes about which the rocks have heen plicated or
bent have the same direction. There are three places in the valley where
anticlinals have been seen, viz: one north of Beattystown, a second on
the Warren Railroad, three-quarters of a inile northwest of Changewater,

Fig, 29,
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near New Hampton. These may belong to the general folding of the
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calley, or they may be due
to local disturbances. A section of
that along the Warren Railroad is
given above (Fig.29). The otherwise
great uniformity in the inclination
of the limestone would seemn to
ghow the latter to be the most
plausible theory of the origin.
By« an inspection of the table of
dips given below, it will be seen
that the dip along the southeast
side of the valley is the nearest
vertical, being very steep towards
the southeast. Along the Warren
Railroad near Changewater the
limestone has this steep southeast
dip, within a few yards of the gneiss.
Again, about a half a mile north-
east of Asbury Station, in a eut
along the Central Railroad, the
limestone on the northwest side of
the track dips from 30°-50° towards
the sontheast. The opposite side
of the eut exposes gneiss with the
same southeastern inclination. For
a better understanding of these
statements . the - opposite section
across this and the Pohatcong Val-
leys, passing through Asbury and
Broadway, is presented. This
shows the position of the limestone
of the valleys, the slate west of
Asbury, and the gneiss of Pohat-
cong Mountain, with portions of
Scott’s and Mugconetcong moun-

tains, It may be taken as a type

of the cross sections that could be
drawn across these valleys. The

observed dip with their localities

are here added. Those on the south-
east side of the valley come firat.
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DIRECTION.
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Steep.
Gentle.
Gentle.
T0°
Very steep.
Steep.
Very stecp.
Vertical.

Table of Dips.
LOCALITY. |
Near Clark’s mills, ackettstown, east of the river.

" Vliet’s quarry, north of Beattystown:

Vliet's quarry, west portion of quarry.

150 yards south-southeast of above,

John B. Fisher's quarry, Beattystown,

Near river south of Beattystown.

Near river three-quarters 'of a mile south of Beattystown.,
Anthon¥’s quarry, Pennwell,

Nearly vertical. Lunger’s quarry, east of Pennwell,
Nearly vertical. Near J. C. Miller's, north of Pennwell.

60°-70°
Steep.

15°

Railroad cut, cast of river, Changewater.
300 yards west of above, and across the river.
Snyder's quarry, west of river, Changewater.

Nearly vertical. McCaw’s quarry, east of river and north of New Hampton.

60°
Moderate.
35°—40°
50°
30°-50°

80°
20°
2
70°

Steep.
T0°

45°
70°

25°—40°
Bteep.
Bteep.
a5°
Steep.
45°
Steep,
Steep.
50°-60°
50°

55°

80°

85°

50°

50°

40°
Stecp:
70°

South end of James Riddle’s quarry, New Hampton,

North end of James Riddle's quarry, New Hampton,

North of above quarry, on road to Washington.

Northwest of above, on Washington road.

Central Railroad cut, half a mile northwest of Asbury
Btation.

Central Railroad cut, at Bloomshury.

John Little’s quarry, Hackettstown.

Shield’s quarry, haif a mile southwest of Hackettstown.

Morris & Essex Railroad cut, east of J. Searle’s and south-
west of Hackettstown.

Railroad cut one mite southwest of Hackettstown,

Warren railroad cut, one-third of a mile northwest of
Changewater,

Sccond cut, three-quarters of o mile northwest of Change-
water.

Second cut, three-quarters of n mile northwest of anticli-
nal,

Second cut, three-quarters of a mile west of the axis,

Near James Groff’s quarry, southeast of Washington.

Near Martin Wyckoff’s, Asbury. :

Near tha river and station road, southeast of Ashury.

East of & slaty hill, north of Asbury.

East of the Slate ridge and north of Asbury.

Near Geo. Richey's, one-third of a mile west of Asbury.

One-half o mile due west of New Hampton.

South of J. K. Mackey’s, and west of Slate Ridge.

South of & small brook, and south of above locality.

West of Asbury and the Slate Ridge,

Mahlon Fox’s quarry, near the river and east of Slate Ridge.

West of above, and nearer the slate outerop.

Dan. Williamson's, south of Slate Ridge.

Near the river and threc-quarters of a mile southwest of
above,

One-half mile northeast of Bloomsbury, on road to Asbury.

In brow of hill, west of the river at Bloomsbury.

Daniel Veen's yuarry, south of Bloomsbury,
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DIRECTION, AMOUNT, LOCALITY,

N. 15° E. 30° East of river and one mile south of Bloomsbury.

North, J. R. 8mith's quarry, one-quarter of a mile from river
' and south of Bloomsbury.

8. E e Railroad cut, north of Hackettstown.

As would be expected, the variation in the character of the limestone
throughout such a large area is considerable. The color ranges from a pale
grey to a dark blue—almost black. The blue predominates, however. So
in texture, there is a variation from compact to shaly, the former prevailing.
Nearly all of it is massive or fine-grained, with a few localities of subcrys-
talline specimens. The beds are generally thick, although in a few places
they are thin, and in some instances shaly. In composition it is a magne-
sian stone, the best varieties approaching dolomite closely. This dolomite
character is modified by a greater or less admixture of quartz, either in
fine-grained or larger masses disseminated through the rock. For purposes
of observation, the best exposurcs of the limestone of the valley is along
the Warren Railroad, from Chlangewater to Washington. At the latter
place is the cut, east of the river. Masses of translucent iiuartz, from onc
to two feet in diameter, occur, imbedded in certain layers of stone. In the
first cut northeast of this point the rock is compact, thick-bedded, and of a
deep, blue color. West of the road-bridge crossing this eut is about ten
feet of strata, which have lost nearly all their calcareous matter. The
analysis of this rock shows scarcely any lime. The stratification is yet
apparent. The color is red, and texture earthy. Some of the firmer beds
lere are liver-colored. In the next cut northeast of this one, some of the
beds contain black chert, in irregular, angular masses, several inches long.
Most of the stone here is compact, dark-bluc, fine-grained, and thick-bedded.
This section presents a gencral idea of the limestone of the valley, and
these specimens are fair samples of the several varieties to be found. The
limestone iz worked at many points from one end to the other of the valley,
mostly for agricultural lime. )

Along the Musconeteong River, southwest of the above-deseribed tract,
is a lesser one, which, beginning at ITTughesville, occupies the valley thence to
the Delaware. Tt crosses the river into Pennsylvania north of Durham.
Beginning on the Delaware the road south of the Musconetcong River as
far as Finesville meets its southern limit. Up the valley it departs from the
stream, until opposite Hughesville it again nears it and comes to it north-
cast of the latter village. On the Warren County side of the Musconeteong,
the boundary line is further from the river, being from one half to three-
quarters of a mile northwest of it. The most southern outerop of the lime-
stone is at the river road where the road comes into it from over the moun
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tain, throe-quarters of a mile north of Riegelsville.  The rock of this valley
is exposed along the BelvidereD-elaware Railroad at and nortl: of Riegels-
ville.  South of the latter village, and also of the Musconeteong, the lime-
stone crops out about two hundred fect from the gneiss as measured at
right angles to the strike of the former. Here the dip is 60° 8. 20° E. In
the cut at Riegelsville there is great deal of folding, and the rock seems
scattered and splintery. Some of it is a shale rather than limestone.
Nearly all of it is of a greyish shade of color. At the south end of this cut
the dip is towards the southwest; near the depot is almost horizontal ; then
to the northwest, again southeast, and near the north end to the north-north-
cast. Onehundred yards northward the dip is 60° N. N.W, T, Worman’s
quarry is fifty yards further on, at the side of the railroad. Here the rock dips
45°-50° 8. 8. E. This limestone as scen in the quarry, is fine-grained, com-
pact, and of a greyish-blue color. Generally it lies in thick beds, some of
which arefive feet across. These ocenr interstratified with thinner strata, also
calcareous. One hundred yards north of the quarry is an anticlinal, seen
in the side cut along the railroad. The dip towards the northwest is more
gentle than that of the opposite leg of the fold, being only 10°-15°.  The
seetion given on page 40 shows the relative position of this and the
gneiss rocks.  Excepting the quarries along the Delaware the, limestone has
been worked at only a few points in this little valley.

9. Pouatcoxe VALLEY AND vicNtry oF Puiirssure.——This limestone
tract comprises the valley of the Pohatecong Creek, from Mount Bethel to
Stewartsville, and the open country bounded on the north by Marble and
Scott’s Mountaing, west by the Delaware River, and southeasterly by the
Pohatcong Creek. Above Stewartsville it gradually contracts in breadth
until it finally disappears in the narrow valley below Mount Bethel.
Between Washington and Stewartsville it averages one and a half miles.
Further southwest, the distance across from Marble Mountain to Springtown
i five miles. Its length in a straight line from the mouth of the Pohatcong
to Mount Bethel slightly exceeds twenty miles.  Within these limits there
is & narrow ridge of slate near the centre of the valley, extending from
Stewartsville to the Delaware near Carpentersville.  This will be described
in detail in the chapter on Hudson River slate. The general features of
this valley are similar to those of the Musconetcong Valley, as given on
page 105. Nearly the whole area is tilled, a fact duc to the absence of out-
cropping ledges and hills. The rock is generally encountered in the railroad
cuts and wells at very moderate depths, and also is secn along the streams,
but very rarely in the level surfaces of the valley.
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The boundaries are as follows: Beginning at the Delaware River, the Pohnteong Creek
is very mearly on the enstern boundary almost to Springtown. The limestone appears
cnst of the ¢reek at several points from the mouth up to the first grist-mill. Here the
gneiss slopes comes down to the stream. A short distance baeyond, the boundary recedes
from the creck, and crossing the Hugheaville road, runs along on the west of Silver Hill
to thio Central Railroud, about one hundred rods west of the Pohatcong. Its course is
thence north, curving slightly towards the east near Kennedy’s Mill, to the road from
the latier place to Bloomsbury. From this it is located on a north-northeast direction
straight to the southwest pointof the Pohatcong Mountain. Between Silver Hill and
the gneiss hill north of the railroad norock is to be seen in place. The long railroad cut
through this break, in the range of gneiss shows nothing but earth and drift.  As there
are no signs of limestone it is thought that the gneiss forms a continuous belt bordering
thelimestone from Silver Hill to the Pohatcong Mouatain. The last-named range limits the
tract on the east, from thence to Washington. From the Greenwich township line north-
ward for one mile, the creck constitutes the ¢astern boundary. Northward asmall brook,
and then the road to the Broadway nnd Asbury road coincide with the margin of the
valley and the limestone boundary. The boundary line between the Broadway Station
on the Morris and Essex Railrosd, and the road crossing the mountain from Warne's
Mills, is very nearly the route of the railroad. North of the latter point thero is some
uncertainty about the further course of this line, Judging from the contour of the valley,
it is located along a small. brook, as far up ag the Warren Railroad. Here, turning
around, it passes south of the village of Washington, and runs west of it, and so up the
main valley, east of the creek, and also east of Karrvilleto Mount Bethel. ‘Washington
is situnted on the southwestern point of & gneiss range, but whether it is underlaid by
limestono or gneiss is doubtful. North of this point the line is not far from the valley
road, quite to Earrville, Beyond this the valley is much contracted, and there is no
stone found in it. Thesandstone at Mount Bethel rather indicates tho existence of lime-
stone in the valley. The western boundary follows in a direct line, the foot of Scott's
Mountain from Mount Bethel to Cookstown. The very few exposures of limestone on this
border of the valley renders the location of this geological boundary s matter to he
determined by the gneiss outcrop of the mountain slope, and the extent of the valley in
that dircction. As thus located the boundary, close to tha stream at Karrville, rups
west of Taylor's Mills, east of Van Nest Gap Tunnel, across the Oxford Furnace Rosd
near the creek, west of the millpond at Van Doren's mill, to Brasscastle, where it strikes
the Morris Canal, near the brick-yard, In this neighborhood, and on this line, the rock
was found covered by ovor sixty feet of earth and loose stone. Thence through New
Village to Cooksville the canal marks the border of the valley, and the comparatively
steep slope of Scott's Mountain riges above it on the west. This is assumed as the lime-
stone boundary botween the two points sbove mentioned. At Cooksville the range of
Scotts Mountain lowers, and tha limestone lies around the south and southwest end of
the mountain as far as Lower Harmony. The separating line between the gneiss and
limestone runs west from Cooksville to the Lopatcong Creek, near the corner of the
Uniontown and Btewartsville road, and the roasd from the former place to Port Warren.
The outcrop at this end of the mountain makes the location quite exact. The Lopat-
cong Creck thence to Uniontown forms the margin of the limestone for that distance.
The blue limestone of Peter Kline at Lower Harmony makes it probable that this tract
extends up the narrow valley of the creck to that point, although between Uniontown
and Harmony no outcrups ave seen.  The mill northeast of Lower Harmony on the creck
is assigned ns the limit of the limestone in that direction. Sweeping around the rock, as
found on Mr. Kline's farm, the boundary runs close to the village, on the east of it, and
thence along the southeast sife of Marble Mountain to the Delaware. The road to
Faston is a little northwest of the Jine for .two miles from Harmony towards the south-
west, Crossing this road at the school-house cormer, the boundary passes by Barney
Dewitt’s and E. H. Dewitt's residences, to the river ncar N, Stryker’s place. The river
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forms the boundary of the tract on the west
from this end of Marble Mountain to the
mouth of Pohatcong Creek. Included within
lines thus delineated, besides the slate ridge
there is at Phillipsburg an isolated knob of
goeiss. A description of its exaet position

Marble Mt, and bounds is to beseen on page 0. It may
be added here that in this hill is a narrow
band of blue limestone which runs across it
from the north towards the southeast, The
two rocks are in contact on the south side,
the limestone dipping towards the east,

Failipsburg. This Lluish-black, thick-bedded limestone,
encloges in & close fold a calcarcous slate or
slaty rock, which shows an irregular fracture,
but no true cleavage,

7

I

o

7

& % _ The limestone in the Pohatcong

g ' Valley above Stewartsville shows steep

& Lopatcong Cr dips towards the northwest (with one

g \ or two exceptions) on the eastern side
.‘:'-':.:"1 of the valley, while the very few dips

§ :‘E.-:,-'q." observed on the other border are more

'E % gentlc towards the southeast. These

g g::::.?'; observatiml)s w'ould scem .to show that

> g‘ E;-—%. the rock lies in a s_ynclmal. fold be-
& = by tween the gneiss mountains; not
w % ' Corpentersvllle,  hygwever, pushed over to the south-
" ¥ west 50 much as to give so many south-
g cast dips as in the case of the Muscon-

g ctcong Valley. South of Springtown

5 Pohatcong Cr, nearly all the dips are towards the

g southeast, as in the same side of the

l above-mentioned valley, A reference

:‘z  Polatcong Mt. to the section on this page will express
SH§ more vividly the geological structure

of the valley than any statements made
here. Along the Delaware River a
Ricgelaville, fine cross-section is obtained. There
Musconeteong B ave several changes of dips showing
axés of clevation. One of these changes
of dip, forming an anticlinal axis, may
be seen along the Central Railroad west
of Green’s Bridge, between two short
Musconctcong Mt.  cuts, In the easternmost of these the
Road to Amsterdam, Q1P 18 towards the southeast, while in
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the other, west of a narrow valley and road, it is in the opposite dircetion,
Half a mile north of Phillipsburg ncar the meeting of the river and Lower
Harmony roads, there is a synclinal axis, North of this the dip is towards
the sontheast. The preceding section (Fig. 31}, from the Musconeteong to
Marble Mountain shows the various axes and the relative position of the
A synclinal is to be seen at Robert Shimer’s quarry,
The dip at the kilns is towards

several rocks along it.
west of the creek, at Springtown Station.

the northeast, while west of that it is to the southeast.
The dips, as observed in this tract, are given in the following table, berrm-
ning with those along the southeastern border of the valley :

Table of Dips.

DIRECTION, AMOUNT. LOCALITY.

N. W. Steep. Warne's quarry, one mile below Washington.

N. 30° W. Very steep. Bodine's quarry, near above.

N. 80° W. Very steep. Lannen’s quarry, east of creek and southwest of above.

N. 30°. W. 80°-85° Hartpence’s quarry, near Mineral Spring.

N. 30° W, 700 ‘Winter's quarry, southwest of Mineral 8pring.

8. E. Steep. By bridge east of Holdren’s mills,’

8. 46° E 70° D. Kline's quarry, east bank of creek, south of above.

8. 45° W. 15° J. Hance's quarry, three-quarters of s mile north of Ken-
nedy’s mills,

N. 25° W. 50° - Reiley’s quarry, Springtown Station.

(N, 35° W.)? (50°)? H. R, Kennedy’s quarry, Bpringtown Station.

8. 20° E. T0° Wm. Carpenter’s quarry, one mile from mouth of creek,

N. 20° W, Steep. Road, one quarter of a mile southwest of W. Carpenter’s,

8. 80° E. 70° Between Pohatcong Creck and Carpentersville.

Southerly. Moderate,  Jacoh Wandling, Brasscastle.

N. W R Morris & Essex Railroad cuts, southwest of Broadvay.

5. K. Morris & Essex' Railroad cuts, one mile northeast of
Stewartsville.

8. E. 40° Morris & Essex Railroad, one mile northeast of the deep
cut.

N. 70° E, 25° Near creck, half a mile southeast of Stewartsviile.

S. 4 5° B, *R0° Quarry, Castner’s farm, three-quarters of o mile soutliwest
of Cooksville. '

8. 40°E 15° Dr. Clemmens’ quarry, south of turnpike and near Cooks-
ville.

8.45°E 30° Dutt’s quarry, Lopatcong,.

8. 50° E 15° Roscberry's quarry, west of turnpike and crossing Stew-
artsville roads.

8 10°E 30° Stewartsville and Uniontown road, south of latter place.

8. 80°E 20° Peter Kline's quarry, north of Lower Hormony.

8 3°E 30° N. 8tryker’s, one mile north of Phillipsburg.

8. E. 50° Near corner of Lower Harmony road, nerth of Phillips-
burg,.

N 10° W 75° Near Phillipsburg depot.

N. W. Along Morris & Essex Railroad, in Phillipshurg.

N. W. ceee Along Central Railroad, in Phﬂhpsburg

8 E 40°

]

At Green's Bridge, along creek and also along railroad.
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DIRECTION, AMOUST, ] LOCALITY.
8. 70°E. 60° ‘Warren quarries, along the Delaware,
8. 70° E. 50° Belvidere and Delaware Railroad, near Phillipsburg.
8. 50° E. 40° Deep cut, Morris & Essex Railroad. .
N. 20° W. 65° Railroad cut, west of Springtewn Station.
N, 20° W, e Bide dirt, west of the slate eut.
N 40°W. - 45° Bouth of the Central Railroad, and west of the slate ridge.

In regard to the character of the rock of this tract or valley, the same
may. be said as hag already been written of the Musconeteong Valley. The
variation is great, from compact and solid to shaly, and from light to dark:
blue, or black, ete. In Phillipsburg there is considerable of slaty rock,
interstratified with thick, caleareous beds, as seen along the Morris and
Essex Railroad. The same may be seen on the line of the Central Railroad.
The prevailing type of the tract is a compact, fine-grained, thick-bedded,
blue limestone. A fine exposure or section of unbroken beds can be seen
below Carpenterville, for three-quarters of a mile to the mouth of the
‘Pohatcong Creek. Here the thicker beds predominate, Occasionally
thinner ones appear. Scams of caleite traverse the rock. All of the rock
8o far found in the valley is dolomite, with more or less quartz or earthy
matters intermixed. The rock is very extensively quarried for making
lime, and also to a small extent for building purposes. For either purpose
there is abundance of good material almost anywhere in the tract, and
within workable distances from the surface. o

Berviure. — Under this head is embraced the limestone along the
Pequest and Delaware rivers, south of J enny-Jump and west of Scott’s and’
Marble nountains. It is the northeastern extension of the long and broad
tract which runs by Allentown and Reading in Pennsylvania. The Dela-
ware bounds this limestone on the west, separating it from the Penngylvania
portion of thesame great outerop, The eastern, and a portion of the north
boundary will be found on page 49, where it is described as the west limit
of the Fourth Belt of the Azoic Formation. The remainder of the north
boundary, the dividing line between it and the slate, is given here. Begin-
ning at the Delaware, a short distance northwest of Belvidere, it runs close
along the corporation limits to the Sarepta road, near the Pequest, The
two rocks are seen very near one another in the road, from Belvidere to
Hartzell’s Ferry, near a small brook, the limestone dipping towards the
slate. The boundary meets the Sarepta road about sixty rods north of the
hridge over the Pequest, Crossing the road here the line takes a north’
course in a long, narrow depression, east of the road,,until near Van Syck-
el’s it recrosses said road, and then runs east of a low ridge, and along
another road, east of the high slate Lill, known as the Manunkachunk
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mountain, to the Warren Railroad, at a point about half a mile west of
. Beaver-Brook. From the railroad to Sarepta the line passes over the side
of the hill. For twe miles north of this, up the Beaver-Brook valley, there
are no indications of any more limestone in situ, the slate forming the
rounded hills on the west, and a portion of the Jenny-Jumyp slope on the
cast of the narrow, meadow valley. It may underlic this alluvial valley,
but probably it does not. If here at all, it forms a thin band between the
slate and gneiss of Jenny-Jump, near the Belvidere and Hope roads. The
road from Sarcpta, east, to the Ilope road, constitutes the northern limit of
this tract. From this point the east boundary runs for half a mile east of,
and close to, the Bridgeville road ; thence its course is towards the east and
southeast to the Pequest, east of Butzville. Along this north border, and
within the limits described, there are two narrow outcrops of fossiliferous
limestone of the Trenton Age. Their extent is so small, that a correct
representation on the geological map was not practicable. For their loca-
tion, etc., the reader is referred to the next chapter on Fossiliferous Lime-
stone. 4
‘Wherever the limestone is to be seen in place on the southeast border of
this valley the dip is found to be towards the northwest, or from the gneiss of
the mountain ranges. On the north there is more variation in the direction
of thedip. Near theslate it scems to go under the latter rock, as may be seen
north of the Warren Railroad, west of Beaver-Brook, and on the side of
the Sarepta road. Here the limestone has a dip of 6°-7°, and above
towards the west are the hills of slate. On the road from Belvidere to
Hartzell’s Ferry tlie two rocks are not far apart. Along the Belvidere and
Delaware Railroad there appears to be two synclinals. Northwest dips
prevail ag far south as the Paphandusing Creek, south of which, thence to
Lommasson’s Creck only sontheast dips are observed. For one mile south
of the latter stream we again find the beds inclined towards the northwest.
Beyond this there is a change to the southeast and then along Marble Moun-
tain the dips are from the gneiss to the northwest. The following table
shows these and other observed dips:

Table of Dips.
DIRECTION. AMOTNT. LOCALITY.
N. W. 30° Ratlroad cut east of Butzville, near the sandstone,
N.W. 45° Railroad cut, west of Bridgeville Station.
N. 20° E. 40° Walter's quarry, north of Bridgeville,
Northerly. 85° At Bridgeville.
8. E, vees Road from Bridgeville to Butzville.
Northerly. 6°-7° Along railroad near the slate, west of Beaver-Brook,
SE ... Near Seitz's distillery, Belvidere and Barepta road.
8.10° E. 15° North of Seitz’s distillery, and west of Beaver-Brook.
N.45° W. 60°-70°  Half a milc cast of Belvidere, near road turn,
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DESCRIPTION.  AMOUNT, LOCALITY.
8/E. 75°-80° 200 yards cast of above, in a quarry in ficld.
N.W. Moderate, Wm. M. Vannatta's quarry, north of Upper-Harmony.
N. 30° W. 65° North of Marble Mountain.
N. 25° W, Steep. Near the Delaware, and near the mountain,
N. 10°-20° W, 50° Belvidere and Hartzell’s Ferry road.
8. 45° E. 20° Neat the Foul Rift, and south of Paphandusing Creck.
5. 40° E, 40° Two miles south of Belvidere.
N. 40° W 40° Belvidere and Delaware Railroad, south of Lommasson’s
Creek.
N. 40° W, 25° Bouth of above.

As to the character of the rock in this geological district, it is most com-
monly found in thick beds, with some shaly members in greater or less thick-
ness at different localities, fine-grained or massive, and of a dull bluish
aspect. In the railroad cut east of Butzville, there is about ten feet of
thick beds resting upon Potsdam Sandstone, followed by a great thickness
of thin-bedded and dark-colored limestone. A very good section of the
rock of the valley can be fonnd along this railroad from the Pequest Cut to
the Voss-Gap Tunnel. In regard to the outerop, the same remarks apply
to the country south and east of Belvidere as those made of the Musconet-
cong and Pohatecong Valleys. Earth, gravel and boulders very generally
hide the rocky flooring.

A very limited outerop of blue limestone oceurs north of the Pequest, at
the head of Green's Pond. It is a few rods northeast of the pond and
north of the brook from Park’s saw-will.  Tts east and west extent does not
exceed one hundred and fifty yards.  On a north and south line it is much
less. It is a compact, blue stone, and has been quarried to a slight extent.
Gneiss crops out on the north and east, and also towards the northwest,
It may be an isolated locality, or possibly it is the northernmost limit of
a continuous belt hence to Bridgeville, covered by Green’s Pond and the
swamp south of the pond. If so, it is a narrow strip between the gneiss
mountaing that rise up on each side of this valley.

11. Varurey or e Prouest River, Oxvorp Forsack, Anp VIENNA.—
In that portion of the valley of the Pequest River, between Vienna, or
the Gireat Meadows, and Oxford Furnace, there are but a few points where
the limestone can be seen, Tt was seen in the excavations made for the
rolling-mill at Oxford Furnace, dipping 55° 8. 53°E.; on the county poor-
house farm; on the roadside west of the poor-house, with a dip of 15°-
20° N. 40° W.; at J. J. Pace’s quarry, near the river, where the dip was
20° N. 20° W.; and lastly, in a quarry about ono mile south of Townsbury,
near the bank of theriver. It is also found on Axford’s farm, north of Oxford
Furnace. Elscwhere the valley is so filled with drift that the rock s not visible.
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With these outcrops, and from the surface of the country, the whole valley is
assumed to be of limestone basis, the boundaries of which coincide with
the bases of the monntains that inclose it. The sandstone at Oxford Fur-
nace fixes the southwest limit of the formation near that village. On the
north the mountains definitely locate the bounds. A high ridge, west of
the river, determines its extent in that direction. Scott’s Mountain forms
the southeast barrier.  On the geological map the rock has been represented
as occupying a little valley northeast of Vienna, along the east of Bacon
Run. The apparent extension of the valley so far seemed to malke this
necessary. About Vienna the valley is quite uneven, in consequence of
the number of gravelly hills that lie in it. 'What may be the limit west-
ward between Danville and Vienna of this tract is uncertain, as the alluvial
(deposits of the Great Meadows conceal everything. The discovery of lime-
stone ab Oxford Furnace verified the correctness of the survey representa-
tions of that portion of the valley. It is believed that future diggings at
other points will fill up these links in the chain of proofs and settlo definitely
the character of the rock in the whole valley. For the details of the present
boundaries the reader is referred to the Azoic and Paleozoic map.

19. Tockwoop AND RosEviLLi-—At cach of these localities there is an
outerop of blue limestone, belonging, no doubt, to this formation. The
T.ockwood limestone forms a low, ellipsoidal hill, about one hundred and
fifty yards north of Tewis Himenover’s house and the Roseville road. This
Kknoll is not over an eighth of a mile long from northeast to southwest, and
not a quarter of that across from northwest to southeast. FElsewhere in this
valley the gneiss prevails, completely isolating this from any other of the
limestone areas. The large quarry on the north side exposes the rock very
finely. Here the dip scemed to be very steep to the sontheast. At the
northeast end of the hill it is about 60° N. 30° W. These observations
lead to the idea of a synclinal basin or trough of limestone in the gneiss.
Some of the latter rock is exposed on the south side of the hill. " The rock
is of a light bluish shade, massive and very hard. Quartz rock traverses
the caleareous beds in irregular veins or seams near the west end of the
MIL  Some of the rock at the quarry is soft and shaly, with the same strike
and dip as the adjacent more compact limestone. Several thousand tons of
this stone are carted every year to Stanhope, for the farnaces.

Rosevicre—North of the Roseville mine and southwest of Wright’s
Pond, near the Andover road, are two separate outerops of a brownish-red
arenaceous limestone. Elauesser, in his manuscript notes, has called this
rock a silico-magnesian limestone. It appears northeast and north of the
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open working of this minc, crossing the Sparta road, and terminating a
short distance north of it. West of Wright’s Pond outlet, and north of tho
road to Andover, there is an outcrop whose length, parallel to the road, is
seant a quarter of a mile. It does not measure over one hundred yards
across ; the west end is only half that breadth. The dip is N. 80° W, at
an angle varying between 20° and 35°.  The lesser angle of dip prevails at
the northeast termination, growing steeper towards the southwest.

There are two prevailing varieties of rock: “The one is of a light
bluish-grey color, subconchoidal and uneven fracture, compact texture, and
containg a number of small, angular, dark-grey-colored grains of quartz,
The strata are from o few inches to two feet thick, and usually separated
by narrow seams or partings of argillaceons limestone. The sceond variety
is of a reddish brown to a red color. Its texture is in general compact, but
oceasionally suberystalline, owiﬁg to the presence of particles of caleareous
spar. It contains also a number of small grains of dark-grey-colored quartz
of a bright vitreous Instre. On exposure to air it decomposes rapidly in toa
brown gand.”—(Hauesser’s MS.)

In composition it is a magnesian limestone, with thirty-five per cent. of
insoluble matter or quartz and silicates. It might, thercefore, be called a
calearcous sandrock.  This rock has not been used as a source of lime, or
for other economical purposes, being considered a kind of bastard lime-
‘stone by the inhabitants of the neighborhood.

18. Sparra.—Under this heading are put the several outcrops in the
valley of the Wallkill, between Franklin Furnace and the head of the hill
soutltwest of Sparta. * The rock forms little knolls and irregular ridges of
considerable height, separated by the smooth meadows or flats of the val-
ley. It is therefore a series of outcrops rather than a continuous expostire,
although there is no doubt that the whole valley is underlaid with this blue
limestone, covered to a greater or less depth by drift and alluvial deposits.
- The distance between the north and sonth extremitios of this tract mea-
sures nine miles.  The breadth is supposed to conform very nearly with that
of the valley. The Wallkill and Iamburg mountains bound it on the east,
and Briar Ridge and the Pimple Hills range on the West. On the latter
border*the white or crystalline limestone constitutes the hounding rock,
The blue limestone oceurs at the following places in this valley : tirst, in
two detached knolls in the meadow southwest of Sparta; secondly, in a
broad, elevated ridge north and west of the village, which lowers and die-
appears near a road that crosses the valley, and goces over the Pimple Hills
third, in a number of low knolls along the western side of the valley, and
near the meadow. margin, terminatirg not far south of the Sterling Hilt
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white limestone ; fourth, on some islands in the meadows, east of the Wallkill
and west of Ogdenshurg ; fifth, in some islands in the meadow west of the
kill and north of the old Ogdensburg road; sixth, in a long ridge and
rocky hill east of the stream running from near the township line, north-
erly, almost to the Furnace Pond; and, lastly, north of the pond on the
eastern slope of Mine IIill, extending to the northernmost limits of this
tract.

Assuming that the rest of the valley is blue limestone, which is most likely the correct
representation of it, the eastern boundary line may be said to follow very nearly the
valley road from its southern end to the Franklin and Snufftown road. It probably runs
a little east of Sparta, in the low valley of the stream. North of the village, the rond
being on the lower slope of the mountain is too far cast, and the line runs west of it for a
mile or s0. Then crossing, it keeps at the foot of the mountain, distant, perhaps, s
‘quarter of & mile from the road, at the farthest, and nearing it again east of Ogdensburg,
coincides with it to Munson's Gap. Here the line leaves the road, continues northerly
aeross & stream neor a saw-mill, and then along ¢he west side of a white limestone ridge
in o narrow valley to tho end of the outcrop of blue limestone, The western bor-
der, from this termination southward to the end of Sterling Hill, corresponds to the
description of the eastern limit of the crystalline limestone. South of that the foot of
the gneiss hills and the white limestone outcrops mark the extent of this limestone
valley, West of Sparta this line is about half a mile from the creek or hill at the grist
mill in the north end of the village. On the Newton road the limit is put about two
hundred and fifty yards from the main street. :

On the most southerly knoll, southwest of Sparta, the dip is 50° 8. 45° E,
This is not far from the gneiss of Briar Ridge. On the ridge west of the
village, near Dan. Gunneman’s, the dip on the cast side is 40° N, 80° W
On the top the rock is ina vertical position, with a northeast strike; andon
the west declivity the strata are steeply inclined towards the east-southeast.
Here it is a fine-grained, massive blue stone, resembling the ordinary mag-
nesian limestone. Near the road and hill, northeast of the above ridge, the
the dip i3 40° E. 8. E.  The beds scen along the meadows further north
show the same directiop and amount of dip.  On the rocky knob east of the
hill between Ogdensburg and the Furnace Pond, the dip is 25° 8. 70° E.
In a brook north of this hill the dip is 20° in same direction. Further north
and near the road to the Furnace, the dip is gentle, east-southeast. On the.
top of this high hill the rock is a greyish, silicious, and very hard limestone
of inferior quality. West of this, in the meadows, on the opposite side of the
stream, are two knobs of gneiss, beyond which is the erystalline limestone
slope. On Mine Hill, as seen along the road on the northeast shore of the
pond, there is an anticlinal axis. Nearest the white limestone the beds show
a dip of 60° N. 35° W.  This continues to within seventy yards of a sharp
turn of the road when it changes towards the southeast. Near this turn
the dip was made to be 50° 8. 65° E. On the road passing over the eastern
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side of Mine Hill, and one hnndred and fifty yards south of 8. Tuttle’s, the
dip is steep, N. 35° W. Northeast of the latter and cast of the road, the blue
limestone crops out in a hill with gneiss and white limestone in close
proximity to it. The erystalline limestone on the west of the blue dips
steeply to the southeast. The latter rock has the same inclination of its
beds. On the southwest point of this hill the gneiss crops out nearest the
blue limestone, dipping under the latter. Further to the northeast the
white limestone appears and bounds the blue limestone to the terminus of
the outerop.  Notwithstanding the abundance of comparatively good lime-
stone in this valley it has never been used for making lime, and very rarely

for building purposes.

14, Verxox Varrey.—Beginning near West Vernon, or Smithville, the

" castern portion of this valley is underlaid by blue limestone that runs

north to the state line and beyond into the Warwick Valley.  The Ham-
burg and Wawayanda mountains limit it towards theeast. On the west
it joins the crystalline limestone. The boundary along the mountains,
on the eastruns very nearly the same direction as the road from West
Vernon to Vernon and New Milford. South of Vernon it is at most points
a short distance above the road, the limestone showing itself at intervals
above it. It is over an eighth of a mile east of Vernon, on the side
hill,.and continues about that distance from the Warwick road for two
miles. Gradually approaching it crosses this road near a large spring,
and then for a half a mile northeastward, keeps on that side of it.
Again crossing to the cast side it runs to the state line, a short distance
southeast of New Milford. Throughout most of the area embraced within
these bounds the surface consists of meadow and drift hills and ridges.  The
actual limestone surface is considerably less than that of a more recent age.
The rock most generully oceurs in rough ridges or swells in the surface; the
drift forms the smoother hills and banks, while the later deposits occupy the
meadows along Black, Wawayanda, and Pochuek creeks. At two points,
one southeast of Vernon, and the other above the road to West Vernon,
the Potsdam Sandstone, previously described, separates the gneiss from the
bluc limestone. See p. 78. The contact of this rock with the gneiss or
white limestone lias not been found. Near Wi, Campbell’s, southwest of
Vernon, the two rocks are not over one hundred feet apart.  About half a
mile south of the state line, near a saw-mill enst of the creek, the blue and
erystalline Jimestone are scen within a tew yards of each other. 'The blue
limestone dips 70° N. 20° W., and the crystalline rock to the southeast
steeply. Only a short distance north of this the latter dips 60° 8. 35° E.
At other points along this border the blue limestone has a northwestern-
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dip. The accompanying section (Fig. 32) parallel to tlie state line and about
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one-quarter of a mile south of it shows the surface of the country along its
course, the rock outerops, and the intermediate alluvions. It is a reduced
copy of a section drawn by E. Haucsser, The position of the rocks across
the valley from Vernon village is shown' by a section (on previous page, Fig.
33) embracing all of them between the Wawayanda and Pochuck moun-
taing. It shows the probable contact of the rocks. The general direction
of the dip throughout the valley is towards the northwest, as will beseen by
inspeeting the following—

Tadle of Dips.

DIRECTION,  AMOUKT, LOCALITY.

N, 60° W. Steep. East of 8mithville, on the road to Vernon.

N.W. Gentle, Near Wm, Campbell’s, Vernon,

N. w Gentle, East and southeast of Vernon.

N. 30° W. 12° Three-cighths of amile northeast of Thomas 8. DeKay's,
north of Vernon,

N. E. strike.  Aaticlinal, Four hundred yards N. 25° W, from DeEay’s in the brook.

NW 50° Road from J. Rutherford’s, across Black Creek, ncar W.
Edsall's,

N. W 20° Road from J. Rutherford’s, near the creek.

N. W. 55°

N. 45° W. Gentle. Near the Wawayanda Mountain line,

N. 35° W, 40° Esst of A. F. Walling's house, and near the meadows.

N, 35° W, 40° Half a mile south of above, and near the white limestone,

N. 60° W. 40° Near the crystalline limestone, and west of A. C. Rutan’s.

N. 35° W, 15° On road one mile from New York line, and half a mile east
of the creck,

N. 20° W. 70° Near saw-mill, by W. Drew’s, half o mile from state line.

The rock of this valley is generally of a light bluish color ; some biuish-grey
to groy. It is commonly fine-granular to massive in texture, and breaks
with a subconchoidal to conchoidal fracture, Some layers are slaty, but most
of it is in thick beds from one to threefeet. Caleite oceurs in it in seams and
as a coating on the joints at many locations. Quartz also occurs in small
grains in the caleareons mass. Near the Wawayanda Mountain, northeast
of Vernon much of the rock is impure, being mixed with quartz and earthy
matters. Butnearly everywhere in the outcrop there is good stone to be found.
It is crossed by joints some of which taken from Hauesser’s notes are here

presented :

DIRKCTION. DIP. LOCALITY.

1 N.50°E. 65° E. of south, Near the Wawayanda

2 N.35°W. 35° N. E. Mountain and near the

8 N.45°W. T0° 8 W, New York line.

1 8.75°R. 55° 8, 15° W. ‘West of the Vernon Read,
1 N.75°E. ‘West of the Vernon Road,
2 North and south.

1 N.66°F, 72° 8. 35° E. Near the Black Creek.

1 N.60°E, T 12° N. W, Vernon,

1

N. 60° E. 10° N, 40° W. Near Wm. Campbell’s,
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At present the rock is not used for any economical purposes. And this
absence of quarries or workings renders the survey or examinations of the
rock much more difficult and perhaps, in a degree, uncertain.

15. LIMESTONE OF THE SourHEASTERN PorTION oF THE Krrramyyy VAL-
1EY.—The southeastern portion of the Kittatinny Valley is occupied by a
belt of limestone, bounded on the southeast by the Azoic Formation and
on the west by the slate. The latter rock is also found within this belt,
forming a narrow ridge east of Lafayette and Newton, and a shorter range
of outcrop in Green Township, terminating near Johnsonburg. This lime-
stone belt crosses the state line, and terminates near Mapes’ Corners, south
of the New York and Erie Railroad, in Orange County. In New Jersey its
length, as measurcd from New York to the southwest end of Jenny-Jump
Mountain, is thirty-eight miles. Its breadth varies from a scant half mile
to nearly five miles, including the slate ridge. The outerops of the rock are
very frequent, excepting those portions occupied by wet meadows and the
alluvial district known as German Flats. These comprize a large propor-
tion of the whole area, as will be observed by reference to the map. The
remainder of the surface shows many ledges and upturned cdges of the
limestone, so that the determination of its boundaries is comparatively easy
and accurate. The marked contrast between the rough and uneven lime-
stone surface, and the smooth, rounded slate hills, very materially assists in
tracing their several lines of separation. The southeast border is marked
by the Pochuck Mountain, Pimple-ITills range, and Alamuche Mountain,
The details have been given on pages 48, 49, in describing the western bor-
der of the Third Belt of Azoic rocks. There is some uncertainty about
the extent of this belt in the Gireat Meadows, due to the covering of all the
rock by an extensive deposit of a recent age. The limestone north of it,
in the same level valley ; the sandstone on the east, near Nelson Cumming’
residence; and the reported blue limestone found in the western border,
beneath the turfy deposit, all point to the corclusion that the whole or most
of this meadow is a portion of this long belt. The Hopeand Danville road
mark its southern extension. The Jenny-Jump Mountain, north of this
road is, therefore, a spur of gneiss running out into the limestone. The boun-
dary around this gneiss peninsula, and along the west side of the mountain,
may be found on page 49,

The west boundary is a remarkably straight line threugh Hope, Johnsonburg, Newton,
Lafayette and Lewisberg, to the New York line, Beginning near the southwest end of
Jenny-Jump Mountain, where the Hope and Belvidere road crosses Beaver Brook, this
boundary line follows approximately the road to Swayze's mills to within a short distance
of that point. Passing east of the mills, it sweeps around the southeast base of the slate
hills and crosses the Belvidere and Hope road a few rods south of the latter village.

16
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From Hope to Newton the line follows the base of the slate hills, which form an almost
unbroken clevation the whole distance, It is traced southeast of the former place, across
Beaver-Brook and the Danville rond, and then along the road to Johnsonburg, deviating
now on onc side and then on the other a few rods only, until ncar Glover's Pond it attains
its widest departure from it, being there about three hundred yards southenst of it
Throughout this portion of the Lorder the slate kills are bounded by meadows, underlaid
by limestone, most probably. East of the meadow is the exceedingly rocky and uneven
limestone region, extending to the foot of Jenny-Jump Mountain. Passing on the west
of Johnsonburg about & quarter of a miie, the boundary line runs by Levi M. Howells,
north of the village, and then along the hills west of Cook’s Pond, after which it goes
into Bussex County, a little southeast of the yellow frame church. From thence its
course is very mearly steaight to Newton, It runs a few rods south of Hunt's mills or
Washington, ncar Kyle’s Pond, nesr the Big Spring, west of the Big Muckshaw and
Little Muckshaw Ponds, near n csve known as Devil's Hole, to the Andover and New-
ton road, at the corner of Col. Babbitt’s farm road, A portion of the town of Newton is
built upon the limestone, but the larger arca is underlaid by the slate. The boundary
runs through the place in a northenst direction, and then follows the border of the
Paulinskill mesdows, near C. P, Rorback’s and Wm. B. Titman’s, to the Lafayette road
near the corner of the road to Statesville. The Intter road forms the boundary for half
a mile, after which, gradually curving towards the cast, it strikes the Paulinskill a little
west of Lower Lafayette. North of the grist-mill it runs up the valley of a small stream,
southeast of M. R. Kay's and the slate quarry. Coming to the Hopkin's Corner road, the
latter coincides with it for one mile, beyond which it maintaing its northenst course, nearly
half a mile northwest of the Cotner, and again crosses the road by the pond at J. Dusen-
bury’s. This is near the northeast corner of Lafayette township. Thenee its course is a
little north of northeast to the Hamburg and Deckertown road, a few rods northwest of
the Baptist Church. Crossing the Papakating River the limestone houndary may be said
to border the Drowned Lands, thence to the state line. The road west of the meadows
is most of the way quite nearit. There is difficulty here in correctly tracing the line, on
account of the alluvial beds covering up the rocks. From the outcrop exposed east of
and sleng the road, the two rocks secem to be interlocked by narrow tongues intruded
into one another, rendering accuracy in mapping the geology of this region almost an
impossibility, About one and n half miles from the state line we see the limestone in the
road near the school-house, while haif a mile sovthenst of this, on the road crossing
Chandler’s Tsland, the slate may he seen quite to the Wallkill. This same interlocking
or dovetailing occurs in Orange County, near the state line.  ‘West of the Drowned Lands,
nnd less than a quarter of a mile west of the road from 8. Chandlers, there is an appa-
rently isolated outcrop of limestone amid the siate hills, It occupies o little valley north
of the saw-mill, along the Red Kill, and is of small area. It is perhaps one of these
tongues of limestone intruded among tlhe slate, though no connection with the main body
is evident, -

The ranges of slate within the lines Just deseribed will be noticed in the
chapter on Hudson River Slate, The narrow outerops of fossiliferous lime-
stone are also included within these described boundarics. They will be
discussed in the next chapter. The dip of the limestone in this belt near
the gneiss, on the southenst, is towards the northwest. The slate in it lies
in a synelinal basin, the limestone dipping towards it from each side. On
the northwest we again find northwest dips, the rock dipping under the
slate.  These statements are confirmed by the accompanying table of oh-
served dips : '

¥
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Table of Dips.

DIRECTION. AMOUNT, LOCALITY.

N.W. 20°-25° Owen’'s Tsland, Drowned Lands.

Strike N. E. Perpendicular. Owen’s Island, Drowned Lands.

N. 80° W. 70° ' East bank of the Wallkill, Chandler's Island.

N. 60° W, 80° Near Roloson’s, Chandler’s Tsland.

8. E 40° Near the Red Kill, west of Drowned Lands,

N.55°W.  68° Near Adam Quince's house,

NowW. 40° Near Hamburg and Deckertown road, south end of Po-
chuck Mountain.

N.40° W,  a0° Near the Baptist Churcli, Franklin Furnace,

N. 25°-30° W. 60° Wild-Cat road, west of Franklin Furnace.

N.50°wW, 60° Near Lewis C, Roe's, Harmony Vale.

N. W. RN Near J. Dusenbury’s,

N 40°W. 40° R. Ackerson's, three-quarters of a mile west of Hopkin's
Corner.

N.w R Near slute quarry, at Lafayette.

N.Ww. 40° Neur D. Ackerson’s, German Flats, on road to Sparta.

Horizontal, Near Methodist Episeopal Church, Lower Lafayette,

N. W. Ceen Near Collver and Huston's foundry.

8. 40° E, 40° At the grave-yard, Lafuyctte.

N. 50° W, 70° Southeast border of the slate ridge.

N.55°W. 45° Near Leonard Main's, South of Lafayette and Sporta rond.

8. 50° E. T0° South of Lafayette, near J. Baxter’s,

N.W. s Southwest of Lafayette, slate ridge west of it,

8. E. Gentle, Northeast of Paulinskill Meadows, on read trom Lafay-

. cite to Newton. |

N.W. R Few rods west of above locality.

Strike N. E. Horizontal. Near &, Baxter's, same road.

N. W. AN Northwest of Struble’s Pond, near the slate ridge. .

N.40° W.  40° Near the gnciss, east of Struble’s Pond. L

N. 20° W, 20° Building stone quarry, Cel. Babbitt's, near Newton.

N. 35° W, 30° Cutler and Moore's quarry, Newton,

N. W. e Near Chas. . Rorbach’s, northeast of Newton,

N. 40° W. 13° Roadside, opposite fair grounds, Newton.

8. 60° E, Steep. South of Paulingkill Meadows, quarter of a mile north-
west of D. H. Case's,

5. 10°-15° E. @5° Sussex Railread, near Drake's Pond,

N, 30° W,  80° North of Big Muckshaw Pond, and near the slate.

N. 20° W. 79° Sussex Railroad, near Andover Mine Railroad junction.

N. 70° W. 30° Three-quarters of a mile southwest of Andover.

N. 50° W. 45° West of Decker’s Pond.

8. E. Steep. Southwest of Springdale, on road to Greenville.

5. E. Steep. Onc mile north of Greenville, road to Springdale.

N. 40° W. Nearly vertical. Three-quarters of a mile southwest of the Glendon Iron-
Mine.

8. E. West of Reding’s Pond, and west of the slate.

8. E. ceas Near Adam Hibler's, west of the slate,

N.W. 30° Sussex Railroad, east of Davis® Pond, close to the slate.

5. 45° E. Steep. South of Stickle's Pond, near the slate.

8. 20° E. 70° Near . Farrell's, east-northeast of Reding's Pond.

N. W. South of Phillip’s saw-mill, near north line of Green
Towaship.
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DIREGTION. AMOUNT. . LOCALITY.,

N.#wTw. o “Railroad cut, north of Andover.

N. W, 80° Near the gneiss, quarter of a mile- northeast of Warren
County line.

Horizontal. 350 yards southeast of Greenville, in Warren County.

North. 25° - Christian Church, Johnsenburg.

Northerly. 8. Harden’s grist-mill, Johngsonburg.

N. 10°-20° W. 40° West of Hagen’s Pond.

N. 45° W. Hope and Johnsonburg road, two miles from the latter
place.

N. 50° W. 40° Hope and Johnsonburg road, near Hope Township line.

N, 45° W, Hope and Johnsonburg road, one mile southwest of John-
sonburg.

N.W. Moderate, Hope and Johnsonburg, half a mile northwest of Hope.

N.50° W, Moderate. North of Shileh, on roadside,

N. 25° W, East of Swayze's mills,

N. 45° E. 15°-20° East of Swayze's mills, near Hope and Belvidere road,

N, 23° W. 60° Half a mile east of Swayze's.

N.40°W.  G0° Near Beaver Brook, two miles south of Hope.

N. 40° W. 80° Near Beaver Brook, nearer Jenny-Jump,

N.G°W.,  70° 100 yards north of Jas. Ilif’s, und east of Hope road.

N.of W. 30° East of Hope, near Jenny-Jump.

The limestone of this tract is magnesian, like the others, and does not
differ from themn materially in color. There is a much larger portion of it
which is uufit for burning than in the other tracts; and it is gencrally more
sandy or silicions. It appears to have been less affected by those dissolving
agents which have smoothed the surfaces and outlines of the rock in the
other tracts, the surface of the country where it is found being broken by
rough and rocky limestone hills, of a small size. The stone is adapted for
n building stone, and is much used for that purpose.

L

16, Livestoxk ¥ TuE SLate.~Northwest of Johnsonburg and about three-
quarters of a mile on the road to Markshoro there is a small tract of lime-
stone in the slate, extending from the road, or rather the brook soith of the
road, about half a mile to L. Howell’s.  The breadth on tlie road and brook
is three hundred and fifty yards, its western limit being about one hnndred
yards southwest of the cross-roads. The surrounding country is higher,
excepting down the stream. Slate cropsont on the road to Johnsonburg, on
the south side of it. The limestone dips 40° S. 20° E. Its exposure is
probably due to the denudation of the once overlying slate.

About one mile southwest of the above-deseribed tract is another of larger -
area. Its northeastern extremity is near J. Armstrong’s, and about thirty
yards west of the road. Itssouthern and southeast boundary runs about one-
quarter of a mile north of Philip Shater’s, and thence along a small brook to a
road.  On the next road this line is about two hundred yardssoutheast of the
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Ebenezer M. E. Church. Thenee it runs southwest to the end of the outerop,
near the line between Frelinghuysen and Blairstown townships. From this
point the northwest limit, between it and the slate, has a northeast conrse
for nearly two miles to a point in the road near Mrs. Coursen’s ; thence to the
starting point the course is alinost due east. The southeast side of this out-
crop is quite steep, almost precipitous, the declivity towards the northwest
being much more gentle. The rock everywhere shows a dip towards the
north or northwest. The trend of the outerop is N. 70° E.

West and north of Hope is another limestone outerop surrounded by slate.
Its area is much greater than cither of those just described. Its length from
northeast to southwest is nearly four miles, and its breadth scarcely two miles.
The east boundary, beginning east of a small pond, not uite half a inile north
of the Hope township line, runs a south-southwest course to a point in the
road leading to Febletown, half a milenorth of said village. Here, sweeping
around the end of a tongue of slate it then runs to the west shore of Rice
Pond. It follows that and then the stream in a south direction to Iope.
East of this stream the slate range narrows, as Hope is approached, until at
that point it is not a quarter of a mile wide. Crossing the village the south
- boundary line follows the course of the low grounds and a small stream,
north of the road, to Mud Brook, near Asa Swayze's, one-third of a mile
north of Swayze’s Mills. Here changing its direction the boundary follows
up this Mud Brook te where it crosses the road from Swayze’s Mills to
Green’s Chapel. Leaving the stream it keeps about fifty yards east of this
road until it strikes the road from Hope to Mount Hermon. There it leaves
the road and again follows the brook nerthward to the Blairstown line.
In the latter township this line is continued in a north of east course to D.
Shipnian’s and to the brook east of his residence. This stream it follows to
within a short distance of the pond near our starting point. Leaving the
stream and crossing the road it continues to that point or terminus. The
dip at G. 1. Turner’s, north of Hope, was found to be 20° N. 60° W. Near
Buckley’s foundry, northwest of the village, it was 20° to the northwest.
Near A. Swisher’s, northwest of Febletown, the dip is at a small angle
N. 10° W. North of Green’s Chapel, near the brook, and on the township
ling, the dip is 30° N. 30° W. East of Green’s Chapel and east of the brook,
on the road to Hope, the inclination of the limestone is 30° N, 40° W, At
the north end of the tract the dip is moderate, N. 70° W,

17. Varrey or tui Paviovskin.—This long anticlinal limestone valley
extends from near Branchville in Sugsex County, to the Delaware River, at
Columbia, a distance of twenty-five miles. It terminates more properly on
Cobus Creek in Pennsylvania, about one and half miles from the Delaware.
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Its breadth varies from one to two and a half miles. Slate bounds it on
all sides. The limit of the outcrops, as traced out and represented on the
map, arc as follows :

Beginning at the northeast extremity, cast of Branchville, and an cighth of a mile
north of Jesse Roe's, tho east and soutl boundary line passes by his house, and then
south-southwest to the Layfayette and Branchville road near A, Gustin's residence, west of
Augusta. South of this point it crosses the railroad and then Paulinskill, and pursues a
direct course between the kill and the road to Balesville, passing cast of the fulling-miil
at tho latter place. South of this it crosses another road near D. Moore's. Beyond this
point “the line runs parallel to the road east of the kill, and on un average distance of
twenty yards west of it. Thisis the location of the line for three miles southwest of
Balesville, at which distance it strikes the stream, which conatitutes this boundary line
for two miles further, or to a point about half a mile down the kill from the road
between Fredon and Middieville.  North of the Swartswood and Newton road the slate
and limestone are marked in their outerops so that their line of division is drawn with
accuracy, The same remark applies to the borders southwest of this point to the Paulins-
kill. Leaving this stream the boundary, at the base of the rounded slate hills, follows o
road southwesterly to a road corner, o few rods east of school-house. A little further on
it agnin takes the road and keeps along it for one mile, after whieh it runs in a meadow
and along a small brook to a road about one mile southeast of the village of Stillwater,
Thence to the Warren County line its eourse is about 8, 50° W.  With the same dircction
in the latter county it striles the kill s little over a mile northeast of Marksboro. De-
lected to the west it runs across the road, and near the shore of White Pond, to the outlet. .
brook fiom this pond, which it follows to the Lridge about fifty yards west of the
Poulin’s Kill. Thence its course is northwest of the latter stream and parallel to it as
far as Bill's Mill. Here the limestone crosses to the creek and continues slong its northern
bank for a short distance. The boundary leaving the stream, runs nearly due west, north
of Paulina, and again meets the creek, a little west of the latter village. Crossing the
stream, it bends towards the south and then goes west to Buttermilk Pond. This body
of water lics between the limestone and slate. From the west end of this pond the
dividing line has a west-southwest course to a road corner and small hamlet, ebout three-
fourths of & mile south of the kill, Thus far the two rocks are seen in quite close Prox-
imity, and the separating line is easily drawn. West of this point the slate ridge is
bordered on the north by o low, level sandy surface, that extends to the Paulinskill. As
there are a few outcrops of limestone in this level, the whole of it is assumed to be lime-
stone underneath. Thenee westward the road south of the stream marks the limit of the
limestone and slate, for about two miles, Then leaving the road the boundary line crosses
the Hamburg and Polkville road near the residence of A. Kizer. West of this its course
is more to the southwest and along on the north slope of a range of hills. The limestone
crops out in the sides of these hills, and the slate appears above. The two rocks may he
seen in this relation at several points between Harrisburg and the Delaware. The south
limit of the limestone is at the hotel in Knowlton Mills, and about one-guarter of a mile
from the kill at Bellis’ quarries. ‘

The deélineation of the nortk and northwest border of this limestone tract is much more
difficult, in consequence of the great body of drift which covers the rocks on this side of
the valley. Beginning nt the Delaware, the most northerly outcrop of limestone is in the
backs of the Shawpocussing or Stony creck, near Geo. Young's, The boundary lne
follows the ercekk to this point, and then runs a little north of the road to the cor-
ner at J. Young’s; thence it continues along the hills to Martin Beek’s resilence, about
one mile northwest of Hainesburg. Here it bends a little more to the east, and border-
ing the valley of Yard Creek, gradually approaching, and st length crossing it near C,
N. Linaberry’s. Its course is then along the foot of the slate ridges, near small streafns,
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north of Walnut Valley. Feyond this to Jacksonburg it follows an east-northeast course,
at a distance of about a mile from the kill. At Jacksonburg the brook is crossed a few
rods above the mili, and the line borders the slate, crossing the road near the
school-house. By this village it has a northeast direction. Beyond the school-
house it resumes its east-northeast direction, and crossing into Hardwick township
intersects the road from Blairstown to Hardwick centre, nbout one-third of a mile
southwest of the latter place. Here the drift is such as to make any location doubtful,
The limestone may be scen in the stream a few rods below the tannery, while the siate
does not appear until it is seen in the hill balf & mile north of the place. Located near
the tanmery, the ling hasn direct course thence to the Sussex boundery, passing along
tho ridge of slate, west of Mud Pond, and northwest of Shuster Pond. In Bussex county
a smali brook flows Letween the two rocks as far as A, T. Main's, Thesce the line runs
northeast, passing a few rods north of the Methodist chureh, near H. Huff's, to Midale-
ville. From the latter place its direction is north for a short distance, after which it is
northeast to Swartout’s pond. The limestone forms the lower portion of the hills, and
alate the top, at the border of the pood. North of this slatc comes to the shore, and
continues along it for three-quarters of a mile. Northwest of A. Huff’s there is & narrow
limestone outcrop ronning west from the main body of the belt to W. Marvin's, about
half a mile west of the shore of the pond. Northward there is considerable uncertainty
about the further Iocatien of this boundary. The limestone is quarried along the shore of
the pond, but what may be its extent towards the west it is almost impossible to determine.
By the form of the surface it is traced northerly, to the Swartswood and Fiatbrookville
road, and then in a northeast direction, northwest of the former village, Thence it runs
northeast to the Myrtle Grove school-liouse.  From this point it has a north-northeast di-
rection by O. Struble’s and Richard Steuble’s to road near Martin R. Everett’s, about
half a mile nortliwest of the county poor-house, This line marks the western limit of the
valley ot the foot of drift hills, whose surfaces show plenty of loose but no fast slate rock,
From Everctt's residence the boundary line is well seen, running a general northeast
course to Branchville, Crossing Dry Brook it sweeps around on the south point of hilla
and then along the eastern slope of the same, by Jesse Roe's, to the north terminus of
this outerop.

The hmestone of this valley dips from a central axis or anticlinal cach
way towards the slate. The latter rock forms the higher grounds that bor-
der the valleys. The following observed dips show the anticlinal strncture
of the limestone:

Table of Dips.

DIRECTION. AMOUN', LOCALITY.

5. E. cees J. Harden’s, Newton and Swartswood road.

8. 40° E. 45°-710° Three-quarters of a mile northeast of above locality.,

3, 85° E, Steep Three-quarters of a mile northeast of above locality.

8. 56° E. 30° Near the grist-mill at Balesville,

5. 40° E. ves Eust of the kill; half-way between Balesville and Augusta,

8. 70° I 20°-25° Near the variegated marble north of Augusta,

8. 40° E. Stecp. Variegated marble,

B, 75° E. 65° East of the fulling-mill, Balesville:

N.43° W 10° North of the SBunfish pond, on the road,

5. E . Fredon and Middleville road, near the kill,

8. E. . 40° Sulphate of Baryta locality, near Sam. Anderson’s,

8. E. 45° Slaty rock, roadside west of 8. Anderson’s,

8. E 5° Cherty limestone, west of above.

8.45°E Steep, D. 8trubles, {crystalling) limestone, north of Balesville,
!

/
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DIRECTION,  AMOUNT. LOCALITY.

8. 25° E. 75°-80 In Warren county line, near Sussex county.

8. 30° E. v5° Near Bill's grist mill, cast of Paulina,

5. 25° E. Moderate. Southeast of White Pond.

8. 25° E. 45° Near cross-roads, west of Buttermilk Pond.

8. 60° E. 45°-50° South of Haineaburg, near A. Kizer's,

8. 50° E. 40° Near the hotel at Knowlton miils.

8. 60° E. 80° J.R. Bellig’ quarries, south of the kiil, and near the Dela-

ware.

N.75° W, 10°-12° Near the road, east of Columbia,

‘West. 1¢° North of road, east of Columbia.

N. 45° W. e " Northeast of J. Young's, and south of Shawpocussing
- Creek.

N. 50° W, 20° Near corner of road, east of J. Young's,

N, W. . Near Martin Beck’s, northwest of Hainesburg,
N.45° W 15° - Near township line, north of Blairstown.

N. 60° W e SBouthwest of Stillwater, on the road.

N. 60° W, 20° Northeast of Hardwick Centre.

N.50° W 35° North of Middleville.

SBouth, 15° W. Bunn's quarry, south of Swartswood.

N. W. Gentle. North of Myrtle Grove.

N. 30° W. 10° Near J. Rutan’s, southeast of the county poor-house.
8. T0° E, 50° Near Mrs. Struble’s, south of Branchville,

R 80° B, Gentle. Richard Dalrymple, Dry Brook, near Branchville,
N. E. cees North of Nath, Roe’s, east of Branchville.

Those first given in this table are from localities on the southeast side of
the valley, while the latter portion of the table is devoted to those on the
western and northwestern side of the valley. For a better understanding
of this structure, the following section (Fig. 84), near Columbia, is pre-
sented.

The horizontal and vertical scales of this section are the same, showing ac-
curately the dips of the limestone, and the adjacent and overlying slate.

The limestone of this tract is of good quality, and has been used largely
for burning into lime. Tt is of different colors, some being a light bluish,
drab color, and some almost black.  Its variations in lardness are equally
great; some of the rock is so soft and tender that it readily ecrumbles into
a kind of sand, while other varieties .are go hard and compact as to break
with difficulty, and the fracturc is smooth and conchoidal, almost like
flint. The composition of the rock will be given in the chwpte;en Econom-
ical Geology.

Mrraworrnio Lisrestoxe.—Near the northeast extremity of this tract,
about a mile cast-southeast of Branchville, and a mile north of Augusta,
on the land of Nathan Roe, is a patch of altered limestone. It lies just
on the line between the limestone and the slate ; the former being on its
cast, and the Intter on its west. Tt covers an area about two hundred yards
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long and fifty yards broad. It is traversed
S })y joiflts running in the direc.tion_of
a?///;/;;f% ;é its strike, and these are so plain as to
S render it doubtful which are joints, and
which are lines of stratification. Its
strata, however, are nearly vertieal,
and with the usual northeast and south-
west strike. The rock is changed to a
kind of serpentine, more than half its
substance being in masses of greenish-
white amorphous rock, inclosed by lon-
gitudinal and cross veins of pinkish-
blue rock, containing nnmerous snall
and Drilliant crystals of sulphuret of
iron. The rock appears to stand the
weather. Ithas been worked toasmall
extent for marble,

About half a mile north of Balesville,
just back of Mr. D. Struble’s house, isa
layer of pure and crystallized calcite.
It lies conformably between the layers
of limestone rock, and like them dips
steeply to the southeast. The layer is
about a foot thick, and has been traced
for 200 yards. It was first mistaken
for gulphate of barytes. The limestone
rock in which it lies is very soft and
tender, and Mr. Struble has had some
Road to Bhirstown.  Of 1t ground to use instead of plaster.
Columbia.

Tt produced a good effect.

Foalins kil About three miles northwest of New-
ton, on land of Samuel Anderson, and
southwest of his house, is'an outerop of
sulphate of barytes. It is near the
junction of the slate and limestone, in
the slate. The rock is slaty, and dips
40° 8. 40° E. The barytes occur with
quartz in the stratification of the rock,

for a thickness of two or three feet. It wasfirst mined for plaster, and since

for barytes, but has not been found profitable. The quartz, and blue rock
in it have been sufficient to destroy its value. It was not worked when wo
17
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were there, and the refuse matter lying about contained only a small per-
centage of barytes.

About two miles northwest of Middleville, on the farm of Joseph Huff,
and. near the stream which flows through Middleville, is a limestone quarry
in the midst of a slate comntry. 1t may have been exposed by the denuda-

tion of the overlying slate. The rock here is compact, blue in color, and
thick-bedded.
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CHAPTER III.

FOSSILIFEROUS LIMESTONE." et

Twis name is locally applied to a limestone lying between the Magnesian
Limestone and the Hudson River Slate. It is known in the New York
System as the Trenton Limestone. The significancy of the local name,
and the importance of having the rock plainly described, leads to its reten-
tion here. Tt is found only in ene particular belt of country, which stretches
across the counties of Warren and Sussex, from near Belvidere, on the
Delaware, to the New York State line. There is no place known where its
meeting with either the limestone below, or the slate above ecan be plainly
shown, and it probably shades into them gradually. The annexed section,
Fig. 85, from near Newton, shows the position of the fossiliferous rock,
between the Magnesian Limestone and the slate.

F1a. 35.

agnaian
limeatone,

Fo-;llrmuu
Iimestone.

Bcctlun near Nowton, Sussex County

Its thickness cannot be accurately measured, but as there has not been
any exposure of it found which is inore than three hundred feet across, and
its dip a gentle one towards the northwest, it may swfely be assumed that
the rock is not more than one hundred feet thick. It contains no magnesia,
but is a carbonate of lime, and when burnt produces pure lime.

The rock is thin and rongh-bedded, and readily breaks into small picees,
so readily that it is difficult to get it in large masses. The stone is dark-
colored, crystalline in fracture, and full of indistinct fossils.

The following particulars in regard to localitics, etc., will give a full idea
of its occurrence, and guide in searching for it in other localities :

Beginning at the southwest, the first locality to be noticed is at Belvidere.
This is on the west bank of the Pequest River, east of the road to Sarepta,
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and about a quarter of a mile north of the bridge over the same stream.
Tt appears in a low ridge that runs north to James Van Sickle’s residence.
As there are no excavations in it there are no good exposures at this locality,
excepting the outcrops on the surface. Some of this appears elaty rather
than calearcous. A number of fossils were found at this place, among them
the Chwtetes lycoperdon. An analysis indicated ninety-five per cent. of
carbonate of lime and only one per cent. of carbonate of magnesia, See
Keonomieal Greology for the complete analysis.

This limestone is also scen on the straight road from Belvidere to Sarepta,
at a point in it about half a milesouth of the Warren Railroad. The slate
is not more than two hundred yards west of it, in the east slope of Manunk-
achunk Monntain. The rock here is deep blue in color, and semi-crystal-
line. West of Stillwater, in Sussex County, near the slate, there is a hill
of this fossiliferous limestone. The road from Stillwater to Mill-Brook
crosses its outerop. The dimensions of the fossiliferons portion are threo
handred yards in length by one hundred in breadth. The stone is greyish-
blue in color, sub-crystalline and thin-bedded in its wpper portion. Its dip
is 25° N. 40° W. On the east, near the magnesian rock, it is in thicker
beds and has fewer fossils, Analysis shows it to be anearly pure limestone.
- It is extensively worked for burning into lime.

At Phillip’s saw-mill, one mile north of Huntsville, and on the line
between Green and Andover townships, a rock is found adjoining the slate
that closely resembles in color and texture the fossiliferous limestone. No
fossils were found, but the want of any good exposures would account for
that, :

About one mile north-northeast of this locality, is another very siinilar to
it in the position and character of therock. It is bounded on the south by
the slate, Tt is one hundred yards north of the residence of D. Farrell.
Aceording to an analysis, it contains cighty-cight per cent. of carbonate of
lime and two per cent. of carbonate of magnesia. The dip of the beds is
about 70° 8. 20° E., conformably resting on the magnesian limestone which
bounds it on the north, No fossils were found here. The next appearance
of this formation is on the farm of Col. Wni. Babbitt, southwest of Newton.
The rock here forms a low ridge between the slate and the ordinary mag-
nesian limestone.  The latter is quarried here for building purposes. But
a few rods from this we find the fossiliferous limestone. Thesection on page
181 (Fig. 84), shows the surface of the ground and the relative position of
the formations. On the top of the little ridge where the rock oceurs, there
is some thin, slaty limestone, but the outeropping edge of a bed exhibits a
very firm, dark-blue erystalline rock. The fossils are small and indistinct.
The Chaetetes lycoperdon and a speeies of Leptina have been recognized.
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Tt contains but two per cent. of carbonate of magnesia and eighty-cight
per cent. of carbonate of lime.

Another locality of the fossiliferous limestone is on the lands of Jesse
@. Roe, about half amile east-northeast of Branchville. Itis on the southern
brow of a high hill, the swnmit of which is slate. The beds are nearly hori-
zontal, dipping slightly towards the northeast. Lower down in the hill-
side, and in the low ground, the magnesian limestone appears. This lime-
stone is quite soft, dark blue, crystalline, and fossiliferous. Itismeore highly
erystalline than that at any other of the localities named. It contains a
little morc magnesia than the fossiliferons limestone generally does,
having nearly ten per cent. of carbonate of magnesia, and cighty-eight per
cent. of carbonate of lime. '

Tn addition to thic above-mentioned localities there are several where
fossils have been found, but not enough is known of them to warrant special
descriptions. About a quarter of a mile from the slate quarry at Lafayette,
and southeast of M, R. Kays’ a fossiliferous rock is seen on the roadside.
About half ¢ mile northwest of Hopkin’s Corner one or two fossils have been
found in a limestone near the slate ridge. This is near the road going to
Cowrsenville. At Middleville the limestone near the slate resembles some of
that found at the locations before-mentioned.  Along the border of the slate
in Hardwick township, about half way between Hardwick Centre and Jack-
sonburg a fossiliferous rock has been found, though it is quite slaty, and not
of much geonomical value. These include all the localities that have been
discovered in Sussex and Warren counties. A careful examination along
these lines of division between the limestone and slate will no doubt bring
to light many others.

Tn Morris County, at Upper Longwood, there is an impure limestone about
threc hundred yards southeast of the Upper Longwood Forge.  The south-
western prolongation is covered with drift. At this point the outerop is
visible for one-quarter of a mile, on lands of Caleb O. Halstead. About
a quarter of a mile south of Woodstock Forge the limestone is next scen, on
lands of Mahlon Dickerson. At the latter Forge there is- another outerop of
considerable length,  The most northerly exposure is about half a mile
beyond that last mentioned. Al these outcrops are east of the Rockaway
River. The strata are nearly in a vertical position. The dip ranges from
70° to 85° towards the northwest; the strike varying from N. 35° E. to
N. 45° E. In somec places therc is much folding and contortion, ¢. g. at
Woodstock, in a quarry there, the dip at the surface is 40° towards the north-
west.  Down cight feet it is 70° to the northwest, and four feet lower the
strata are vertical. East of this limestone is the red shale of Green-Pond
Mountain, also dipping steeply towards the northwest. On the west, at Upper
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Jiongwood, the black slate of the Hudson River appears. The drift of the
valley bounds it at Woodstock Forge,

The section here presented, Fig. 86, running across the Longwood Valley,
from the Longwood Mountain to the Green-Pond Mountain by Upper Long-
wood, shows the relative position of the gneiss, conglomerate, red shale,
limestone, and slate, all of which occur within the narrow limits of tlis
valley.

Fie. 36.
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Section across the Valley, at Upper Longwood, 1,000 fect to an inch (horizoatal.)

The rock is quite variable in character. Some layers are slaty, others
shaly. Another locality of this rock is on the lands of J. C. Cobb about a
mile southwest of Newfoundland, and on the right of the road from there to
Green-Pond. A number of ragged, brownish points of rock projectabove the
surface in a meadow there. The rock is identical with that at Upper Long-
wood, and the fossils are the same. It ias been burned for lime, but was too
slaty to slack well.

The fossils which were identified here or at Upper Longwood were
Chadetes Lycoperdon, Orthis testudinaria, nd Leptana alternata.

-
+
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CHAPTER 1IV.

HUDSON RIVER SLATE

'k principal rock of this period is a slate, like that which is found
along the Hudson River from Newburg upward.  Ilence its name. It is
found occupying the northwestern half of the Kittatinny Valley, and also the
middle part of some of the limestone valleys farther southeast. The age of
this rock is settled by its position in the series. It isseen very close to the '
magnesian limestone and overlying it at Columbia on the Delaware, at New-
ton, and in many other places, though no place was seen where they were
in actual contact, In the cut of the New York and Erie Railway a milé
west of Otisville, this roek is scen running under the Oneida Conglomerate,
unconformably, as shown in the accompanying sketel.

Fia. 37.

SANDSTONE AHD CONTLOMERATE. ToaLatE,

Scction along N.Y. & Erie R, R, half a mile west of Otlsville.

No place in the state was met where the contact was ag plain as this; but
all along on the brow or eastern face of the Kittatinny Mountain the slate
is seen occupying the lower place, and the conglomerate lying immediately
over it. No fossils have been found in the rock in this state, though they
are abundant in it in some parts of New York.

The stratification of the rock is not so plain as that of the magnesian
limestone, and with ite cleavage and joints it is frequently very difiicult to
decide where its planes of stratification are. It appears, however, to be
conformable to the rock immediately below it, and in its folds and disturh-
ances is situated in nearly the same way.
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The most perfect of the glate rock is soft and free from grit, and possesses
the property of cleawage, or of splitting up into slates, to a wonderful degree.
The rock may be in beds three or four feet thick with the lines of stratifi-
cation plainly marked on it; but when the attempt is made to split it, the
opening does not follow these lines but passes directly across them, and the
rock can be split into thin plates of almost perfect uniformity in this way.
It is singular that the rock can” only be split evenly when first taken from
the quarry, or before it has become dry. After that it breaks when the
attempt is made to cleave it. When in a proper state the rock can be split
till it is so thin that it has not sufficient strength to bear handling. Shaly
rocks sometimes possess this characteristic, but they only fall into small
pieces when cxposed to the air. Slate which is somewhat gritty has this
property, but very imperfectly, and grits and sandstones do not possess it at all.
There are some beds in this slate formation which present no appearance
of cleavage. Near the state line, north of Deckertown, at the quarries of
Aga Carr, the stone is remarkable for its even beds, and for showing no
cleavage. It is dark-colored, fine-grained, and divides easily in the lines of
stratification, so that flags of an enormous size can be got out.

The following analyses of two specimens of slate-rock will serve to show
the composition of the common varieties, and will give an indication of the

. soil which is produced by their disintegration :

ANALYBES.

No.1. No.2. No. 1. TNo. 2
Bilien . ,...coevuunn... 566.60 68.00 Carbonic Acid ........ 2.20 2.30
Alumira....... ......21.00 14.40 Sulphur.............. 0.57 vens
Protoxide of Iron...... 5.65 5.40 Water, ... oovvvnnnnn.. 3,00 2.70
Lime...oviirveneennns 842 2.68 Carhon......... ..., 2,69 e
Magnesia ........veees 2.30 ' 151 —— _—
Potash ............... 1.10 176 99.08 99,1
Boda...oovvvnnnn .. 0.50° 0.11

No.1 is the ordinary bluish-black roofing-slate from the quarry at the
Delaware Water-Gap.

No. 2 is an arenaceons, thick-bedded slate, and was obtained on the Deck-
ertown and Port Jervis turnpike, about one mile northwest of Coleville,

The thickness of the slate formation cannot be measured with any degree
of accuracy. It must, however, be as much as three thousand feet thick,
In going up the Delaware from Columbia to the Water-Gap, the road passes
across the formation for nearly two miles; the rock is dipping steeply to the
northwest for the whole distance, and no folds have been detected in it in
that vicinity, so that the above estimate is probably not too large.

This formation is not all in a single exposure, but in several detached
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portions: and the several geographical deseriptions of these will now be
taken up.

1. Musconercoxe VarLev.—The slate in this valley consists of a long
elevated ridge extending from south of Hackettstown nearly to the Warren
Railroad ; a shorter range west of Asbury ; and two detached smaller areas
between Asbury and Bloomsbury.

The first forms the elevated portion of the valley west of the Musconet-
cong, filling up nearly its whole breadth from that river to the gneiss on the
west. It attaing an altitnde of about three hundred feet above the
river at a point west of Penwell. Tt has the smooth surface and rounded
form common to the slate. Several streams cut transversely across it in
their flow to the Musconeteong, forming deep ravines, where the rocks
are generally well exposed. The sontheast boundary of this range is as
follows: .

Beginning near Hackettstown on the northeast, it runs a southwest course, across the
road near W. D. Viiets'; ahout one-quarter of a mile west of Beattystown, across the road
from Rockport near Juo. Skinner's; and then along the west bank of the river as far as
Pennwell ; west of Andersontown a few rods; and then along the Andersontown and
Changewater road to its southwest terminus, which is near the line between Mansficld
and Washington townships, and north of the Warren Railroad. This linc is easily traced,
as the ridge slopes steepty to the lower and more uneven limestone surface of the valley.

The western border of this slate is much more difficult to Jocate, on account of the drift
on that side of the valley. The Morris and Essex Railroad, whick runs close along the
foot of the gneiss, shows in its cuts, between Port Colden and Rockport, only slate and
drift. Northeast of the Washington depot the gneiss is cut, and also near Plane No. 6 west,
near Port Colden. This slate may rest immediately upon the gneiss, but the probability

is that o thin band of limestone lies between them throughout the whole of this west-
-ern limit, as it is found near Hackettstown,  East of Searles’ iron mine the limestone ap-

pearsin 4 low cut along the railroad, while enst of it is the ridge of slate. The west .

boundary must, therefore, from Port Colden to Rockport, run a little west of the railroad.
North of the latter village it may cross the railroad, and then follows a swale enst of it
to a brook beyond which the slate has but a slight prolongation.

The position of this slate is, judging from the limestone around it, that of
a compressed synclinal fold, lying between the latter rock, and perhaps, in-
verted, so that all the dips arc towards the southeast. The dip at the quarry
of the Hackettstown Slate Company, south of Hackettstown, is 50° 8. 50°

E. At a new quarry, worked by S8nyder & Applegate, southwest of Beat- -

tystown, the dip was found to be 25° towards the southcast.  Along Trout
Brook, near Jacob A. Miller’s, it was found to be 20° N, 60° W. Other lo-
calities observed did not yield reliable results as to the dip of therock. The
cleavage was everywhere found to be towards the southeast. Where noticed
in the eastern portion of the range these planes had a dip of 30°-20° 8. 20°
~40° E.  Along the Morris and Essex railroad, in the cuts, they dipped very

steeply in the same direction. :
" 18
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This slate, as exposed in the Railroad cuts, is a reddish-yellow, fragile
rock, in places earthy. On the cast side, as seen at the several openings for
roofing slate, and also in the sides of the deep ravines, the rock is a dark-
blue-black, solid rock, sufliciently durable for roofing-slate.

‘West of Asbury, in the middle of the valley, there is a shorter and nar-
rower range, a ridge of slate. It slightly exceeds four miles in length, while
its breadth is not, at most, one mile.

Its boundaries are marked by the strong contrast between its surface and that of the
limestone which surrounds it. 1t forms a ridge considerably elevated above the rest of
the valley. Two streams cut deeply across it, one west of Asbury, and the other ncar
the south terminus. The north Iimit iz a deep ravine, along which the slate rises very
rapidly. This is near And. Miller's farm-house, and above two miles west of New Hamp-
ton, Thenee the castern border rans near a line of farm-houses, west of the Asbury and
Washington road, to the Broadway road, near the village of Asbury. EKecping west of the
village, it passes by Geo. Richey's house,and gradually approaches the river, terminating
at a brook that crosses the road to Bloomsbury, two miles southwest of Asbury. The
weatern boundary runs o little west of the Bleoomsbury road, at the foot of the hill, for
nearly o mile from the southwest terminus. Departing from said road its course is first
north-northeast, and then northeast to its northern end. The west limit, on the road to
Broadsay, is near the house of J. K. Mackey, about three-quarters of a mile from Asbury.

The structure of this valley has already been alluded to on page 102. It
is that of a synclinal basin, with the limestone and slate closely folded
between the gneiss.  The limestone is seen at many points along the bor-
ders of this outerop, and uniformly with o southeast dip. The cleavage
planes, where seen, also dipped to the southeast. The dip of the slate was
not ascertained.

The latter rock is of a dark bluish-black color, massive, and traversed by .
seams of quartz and calcite. Generally these minerals are found in the
joints of the rock coating the surface. The surface of the ridge exhibits a
great deal of this quartz in'the soil, the slate having disintegrated and left
the harder mineral. Iron pyrites also occur at a few localities, disseminated
through the rock mass. Northwest of Asbury a small opening was made,
with a view to a slate quarry. The rock is finely exposed along this stream,
from Mr. J. A. Johnson’s to Gieo. Richey’s. South of this tract, and close
to the river, on the west bank,- is a glate outcrop about four hundred yards
long. Its extreme breadth is one hundred yards. The slope to the river is
very steep.  On the north it terminates near a very large trout spring.

Down the valley half a mile is another outcrop, between the road and
the river. This is only about two hundred yards in length, and very narrow.

Less than a quarter of a mile beyond the last mentioned outerop is another
narrow strip of slaty surface, extending from a spring running along the

" west side of the road for three or four hundred yards.
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These three outcrops are apparently in the line of prolongation of the
Asbury ridge, but no eonnection between any of them is to be found. They
are separate patches of slate lying in the limestone.

9. Ponarcone Varrer.—In the lower part of this valley, south and west
of the Pohatcong Creek, the slate crops out in a narrow belt, stretching
from near Stewartsville almost to the Delaware River, northwest of Car-
pentersville. It is not a half mile in breadth at the most, while in places it
is hardly two hundred yards across. The exact outline of this belt is
dificult to even approximately locate.

The eastern boundary ling is run near Still Valley, across the Central Railroad, cast of
the curved cut, near Dr. W, Shipman’s residence, and then in o slight depression west of
the rond, from Springtown to Carpentersville, to the Delaware, The westorn boundary
may bo said to be parallel to that on the east, although there is some deviation at certain
points in the line from a strict parailelism with it. This limit is about six hundred yards
northwest of Dr. Shipman’s, and near J. Zeller's residence. It crosses the railroad north
of the curving cut, and then runs west of the Still Valley and o littlo west of the read to
Stewartsville, passing close to W. B, Godfrey's residence. Its gouthrwest termination is
in a bold, wooded bluff, bounded on the riverside by the sandy and gravelly plain of the
river valley.

At Mr. Godfrey’s, the two rocks were found within a few feet of each
other. Ou Chas. Oberly’s farm the rock is got out at a depth of three feet
from the surface, for flagstone; but the best exposure of this slate iz in
. the curved cut on the railrond. None of it here is firm. Some of it is
yellowish, earthy in appearance. The greater part is bluish in shade, and
very fragile. Calcite and quartz nbound in seains and joints. The cleavage
* planes dip towards the southeast. Southwest of this cut, near E. IL Bird’s,
a small opening has been made for roofing-slate. There the rock is firm
and thick-bedded. The cleavage and joints of the slate render the deter-
inination of the lines of stratification very uncertain. The position of this
rock has therefore to be fixed by the older limestone, as they have both
undergone the same foldings and disturbances. The section on page 110
shows the slate of this belt as lying in a close fold of the limestone. As
seen along the Central Railroad, the dip of the limestone southeast of the
slate cut is 65° N, 20° W, and in a side cut, on the opposite side of the
slate range, the limestone beds are inclined in the same dircction. If this
De the position of the beds adjoining the slate, the axis plane of the fold is
also inelined to the northwest. The section represents this with a southeast
dip. Both may be correct on their respective lines, and the difference of
inclination may be due te some disturbance between the two sections.

3. SpaTg TrAcTs 1N THE LIMESTONE OF THE KITTATINXY VarLey.—Lhere
are two large outcrops in Sussex County with several smaller ones in Warren
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County. The largest of these is the long and narrow ridge that runs from
Springdale northeast, by the Paulinskill meadows, east of TLafayette,
west of Monroe Corners, and terminates in Hardiston township near the
Wantage line. It is thirteen miles long, and a little over a mile across at
the broadest part. The average breadth is scarcely half a mile. This out-
crop forms a ridge hordered on cach side by the low limestone valleys. The
boundaries of this slate outerop correspond very nearly with the bage of the
ridge or the margin of the valleys along it. The following description gives
the location of these lines in detail :

Beginning at the southwest termination, at Mount Nebo, the southeast boundary line
tollows a slight depression (which separates the two formations, along the south side of
Davis Pond ; across the Sussex Railroad, north of a road crossing ; thence along the
north side of a road, and close to it, to the corner at J. J. Ayers; thence on the line of
the road to the Pinkneyville and Newton rowd. Northeast of this point the line runs a
few rads east of the road, parallel to it to the township line, about half & mile south of
the cast brancl of the Paulinskill. Crossing this road it follows the border of the valley,
parallel to the road, until it meets the Sparta and Lafayette road mear the grave yard,
cast of Dr, Franklin Smith’s farm-house. Skirting the flats the next rond is intersected
near J. Mabee's liouse.  Beyond this point its course is west of the road and the ponds,
and a short distance northwest of Monroe Corners, Slightly deflected towards the west,
it pursues thence to its north termination s direct north-northeast course, The west
boundary runs to the corner nt the foundry, and then follows the road east of Harmony
Vale, as far as the Hopkin's Corner road. Thence it runs southwest, graduslly departing
from the road, and meeting the Sparta road at the grave-yard east of Lafayette, For
severnl miles north of this road the slate ridge is bordered by & marshy or wet meadow
on the west. South of it the boundary soon strikes the creck and follows that to the
Jjunction of the east branch, beyond which potnt, for two miles, the border of the meadow
marks the limit of the formation. Both are seen cropping out at intervals along the
mendows, Southwest of James Space’s the line recedes from them and runs eoutheast
of the road und along the south shore of Drake's Pond to the Bussex Railrond. West of -
the railroad it keeps henr the road going to Springdale, passing south of Stickle's Pond,
#nd thenee around Mount Nebo to the point whence we started. This high and rocky
hill is bounded on the southwest by the magnesian limestone,

This rock has a well-marked synclinal axis along its central line, and the dip on its
northwestern border is to the southeast ; and that slong ils southeastern border is to the
northwest. It is traversed by Jjoints, and has a slaty cleavage. The quality of the rock
Passesfrom an argillaceous sandstone to a fine flaky and almost shalyslate: and all the varie
tics contain a considerable carbonate of lime, The varieties alternate with each other and
in some cases the change from one extreme to the other is very sudden. The rock does
not furnish the fine and even qualities needed for making slates,

Srarr of Renixe’s Pox, GrEENsvILLE, anD Hazin's Ponp.—8eparated
from the tast-mentioned tract by a short interval of limestone along the
Newton and Andover road, the slate again appears in several outerops,
nearly to Johnsonburg, in Warren County. Whether that east of Reding’s
Pond is a portion of the same range o8 that at Greensville is not quite cer-
tain.  An exposure of slate in the road to Greensville, near the bridge, over

o branch of the Peqnest and the smooth surface, indicates a continuous out-
crop.
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Beginning at D. Farrell's, in Apdover towaship, the western limit skirts Reding's
Pond on the east, and crosses the road to Greensville near the sbove-mentioned outerop,
It then runs west, and afterwards southwest to the county line on the east side of Grass
Pond. Its sputhern termination Is about half & mile beyond the Sussex line.  From this
point the boundary runs easterly along the road to Greeosville, passing just cast of the
village. For half a mile northward, to G. Ayers, the lioe isplain, But beyond this,
to Phillip's saw-mill, its location is rather doubtful. The line follows the brook from this
mill in an east and afterwards in a northerly direction, Leaving the brook it bends
around to the startirg point near D. Farrell's residence. .

Within this area, whose outline has been given, are two separate lime-
stone outcrops. These are near the county line, one Iying wholly in Warren
and the other partly in both that and Sussex Counties. The most southern
of these onterops extends from near J. J. Durling’s westerly for three-quar-
ters of a mile, or nearly to the brook. Its average breadth is about two
hundred yards. This limestone has a steep and precipitous face on the
southeast. The dip is 40° N. 10°-20° W. North of this outerop is a nar-
row band of slate which runs easterly from the brook, above alluded to, to
Hazen’s Pond, where it conneets with the main tract. It averages three
hundred yards in breadth. North of this slate is the other limestone ridge.
It lies northwest of Hazen’s Pond, and mostly in Warren County. On the
north it may be half a mile wide, contracting to a point at the southwest.
Its dip is also to the northwest. DBetween this and the main body of the
litestone west of it, there iz a narrow belt of slate. The brook is its west-
ern limit, in Warren County. This alternation or interlocking of the slate
and limestone is probably due to 2 denudation of the slate, exposing these
limestone outcrops.

Liust of Greensville, near J. P. Stackhouse’s place, is a very limited out-
crop of slate in the midst of the limestone.

Southeast of Joknsonburg, and north-northeast of Jenny-Jump Mountain,
on the road rumming northeast from Southtown, is another similar outerop.
Its extent is only a few rods in length, and about twenty feet in width, It
ocenrs near Mrs. Lemdy’s. On the north there is a high limestone hill,
while on the south are meadows. Southeast of Hope, on the road to Shiloh,
and east of the brook, the slate crops out within very narrow limits.

Another isolated slate locality is a hill west of the IHope & Belvidere
road, south of Honey Run. It is surrounded by low meadow land, in which,
on the north and east, the limestone crops out in occasional knobs. In the
meadow south of the hill no rocks are seen in place, but south of the
meadows the slate appears in the high hills south of the road. This out-
crop is represented as being surrounded by the limestone.

4. Krrramisyy Vacoey.—The slate constitutes the rock of all that por-
tion of this valley, bordering the Blue or Kittatinny Mountain, and, except-
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ing the Paulingkill limestone, all of the central portion also ; in addition to
the ranges already described, which lie in the linestone districts of the south-
castern portion of this great valley. The belt now to be described embraces
all that part of the valley lying west of a line drawn from Belvidere, through
Sarepta, Hope, Johnsonburg, Newton, Lower Lafayette, and cast of Decker-
town, to the state line near the Wallkill. This geological boundary was
described under the Magnesian Limestone, to which the reader is referred.
The western boundary of this great slate belt follows the general trend of
the Kittatinny Mountain, running on its southeast slope from the Delaware
River its whole length in this state. Through Warren County and in Sus-
sex to Culver’s Gap, this limit of the slate and overlying conglomerate is at
a moderate elevation above the valley, while north of this gap the boundary
is near the top of the mountain. At the state line, and in Orangé County
to Otisville, the slate forms the main ridge or crest of tlhie nountain, and
the conglomerate occupies its west slope. The southeastern slope of the
mourtain is churacterized throughout much of its length across New Jer-
sey by a bold escarpment of conglomerate, with its talus or fallen debris
below resting on the more gradual declivity of the lower portion of the
mountain. '

This line of demarcation hetween the conglomerate and slate is very distinet and
decided. At the Delawarc Water-Gap, this line is about half way up the mountain,
Three miles from the Gap, an offset in the main southeastern ridge makes a curve in the
line to the west. Theline of division on the road going over to Millbrook, is about
three hundred yards west of the corner of a road which runs southerly along the side of
the mountain. Thence the boundary line continues its course, west of 8and Pond and
Bucker Pond to the Flatbrookville road. North of this point its course is west of Mud
Pond and Quick Pond to the road leading to Wallpack Centre, near the school-house
corner, Thence to Culver's Gap, the line follows closely this road. Along Mud and
Quick Ponds the line is quite high up on the slope, at the bese of the conglomerate walis,
North of the Gap, the boundary line for o mile or so is indistinetly marked,

Beyond it isplainer and easily located. Near the road from Beemersville over the moun-
tain the dike of hypersthene rock appears, coming between the slate und conglomerate
extending thence in a northeast direction three miles. The slate boundary is near the
base of the range and below this dike, being but a short distance west of the road, which
here runs parallel to the foot of the mountain. From this dike to the Port Jervis and
Deckertown turnpike its course i3 nearly north. The Milford and Deckertown road is
intersected half a mile southwest of the cross-roads, A short distance north of this
the slate forms the crest of the ridge and continues to do so up to the Port Jervis read,
Passing esst of Sand Pond the line bends towards the northwest and strikes the turnpike
a few rods cast of the road-corner west of the summit. Thence a tongue of slate runs
northerly about one mile, to Leke Nascin. It is scarcely s quarter of a milein breadth,
Bounding this slate the line between it and the conglomerate returns nearly to the turn-
pike; at the summit, and thence sweeping around the end of the conglomerate ridge,
runs o little esst of north, quite high v on the slope, to the New York line. A little
further on the slatc again ascends to the top of the range, and continues thence to
Otisville as the rock of the mountain crest, The contrast between the two outcrops is
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plainly visible, north of Culver’s Gap. The slate surface being nearly all cultivated in
fields, while the conglomerate is covered by » straggling growth of cedars and deciduous
trecs,

The belt thvs bounded, has within these outlines the long limestone out-
crop along the Paulinskill, and the outcrops west and merth of Hope, and
two of lesser area. west of Johnsonburg, Their several limits have been
given under the respective headings in the chapter on Magnesian Limestone.
Besides these, there is another single exposure of limestone, in Stillwater
township, Sussex County, lying in a slate country, nearly two miles west
of the Paulinskill tract. Excepting these limestone outerops the whole
valley cast of the Kittatinny Mountain to the line through Belvidere, Hope,
Newton, ete., belongs to this geological formation.

5. Greex-Poxp Mouxtaiy.—Slate of the Hudson Period occurs at Upper
Longwood, Petersburg, Oak-Hill, and other points in the valley west of the
Green-Pond Mountain, and at frequent intervals in the valley of West
Milford from the Pequannock River to the state line. The outerop
between Upper Longwood and Petersburg is continuous, bounded on the
west by the gneiss and red slate, and on the east by the limestones of the
vatley. The ridge running northeast from Milton to the Pequannock, east
of the Rockaway River, shows slate in place. That on which the village of
Qak-IIill stands is also slate, as the rock may be scen in place at and also east
of the village. This runs from the river northeast to the turnpike, although
on the latter the surface shows only looseslate. This is thought, from the
appearance of the surface, to extend north of the turnpike to the Back-Pond
Brook. In the West Milford Valley the slate crops out in long, low swells,
and rocky knobs, from West Milford village south to within a mile or two
of Newfoundland. North of the former place it oceurs west of Greenwood
Lake, and north of the road going west over Bearfort Mountain. The
most southern exposure of the rock in this valley is about one mile north of
Newfoundland. Thence to the village of West Milford there is no doubt
of its being a persistent rock mass, underlying the whole of the wvalley
between these points. The surface of the valley ig rendered very uneven by
the slate knobs, and swells, and also by the drift that in many places covers
the glate.  Bordering the mountain or ridge on the east side there are
extensive wet meadows. Most of this outcrop is west of the road runhing
through the valley. Its extent on the east is not over three hundred yards
beyond this road. Detween the village of West Milford and the road to
Greeiwood none of it appears. From the structure of the valley it is
supposed that the whole of it, between the gneiss and Green-Pond Mountain
rgcks, is underlaid by slate, and the map has been colored in accordance
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with this assumption ; excepting a small strip east of J. P. Cooley’s, where
there are several outerops of other rocks to be hereafter described. The boun-
daries of this slate follow the borders of the valley, at the base of the several
mountains which shut it in on the cast and west sides. The sonthern limit
is put at Upper Longwood, although it is possible that the slate runs beyond
that point, covered by drift. On the north it terminates at the state line,
on the west side of the Greenwood Lake,

The accompanying eut, Fig. 38, shows the position of the slate in the
valley of the Green-Pond Mountain; oceupying as it does a great synclinal
fold in the conglomerate.

Fre. 38

BowLixo GREEN MT.
Road from Upper Long-
wood to Petersburg.
Rockaway River.

conglomerate,
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S T

Bection neross the Longwood Valley, by Woodstock Forge.

The structure of the slate is very simple ; being a closely folded synelinal,
the slate of course stands nearly vertical, and with a strike parallel to the
direction of the valley. The rock is black, hard, and very slow to disinte-
grate; it is traversed by joints in different directions, so that near the
surface it has a tendency to break into small rhombohedral fragments.
Further beneath the surface it is less liable to break in small pieces; and
in a few cases it has been quarried for building. It is refractory, and has
been successfully used for lining furnaces. From its nearness to the Azoic
rocks and its highly inclined position, it has necessarily been more changed
than the slates of the same age in Sussex, and now, though equally fine and
smooth-grained, being harder, it does not crumble down to form as rich
and productive a soil as those rocks do.

Dixr ox e Easrzry SLore of tne BLve Moustamy.*—On the elope of
the Blue Mountain, between Beemersville and Libertyville, a dike of Por-
phyritic-Hypersthene rock has been intruded between the slate and con-

* Taken from Mr, Hauesser's Notes on Wantage township.
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glomerate. It runs from a point one and a half miles northwest of Liberty-
ville, without interruption, to its termination, which is one and a fifth
miles northwest of Beemersville. 1t is about a quarter of a mile wide, and
is u little tortuous in its course; but its general bearing is northeast and
southwest.

The rock of the northeastern part consists usually of a coarsely granular
aggregate of labradorite and hypersthene, associated oceasionally with Aorn-
blonde, mica, sphene, tourmaline and gquartz. The labradorite oceurs in
imperfect crystals, and in distinctly cleavable masses ; it is of a gray color
and a pearly lustre, The hypersthene is of a greenish-black color, of &
bright metallic lustre ; it occurs in small and slender crystals, more or less
perfect. At the southwestern extremity, the dike presents a peculiar and
striking appearance. It does not oceupy a long and high hill, with nearly
‘perpendicular slopes, like the northeastern part, but owing to a powerful
and rapid disintegration, it has crumbled into loose pieces and into a fine
sand, which form a range of low hills with gentle slopes, and which, seent
from a distance, look exactly like hills of sand or drift. The dike herc con-
gists of a rather coarsely granular aggregate of labradorite, sphene, mica,
quartz, pyrovene and iron pyrites. The sphene is of a brown o yellowish-
brown color, of an adamantine lustre, and occurs in small, more or less per-
fect erystals, in such quantity as to form one of the principal constituents
of the rock. The iron pyrites is profusely disseminated throughout the rock,
and causes the rapid decompogition.

There is usually a marked difference between the middle of the dike and
the margins, the material being distinetly crystalline at the middle, while
it is compact at the surface. The dike is traversed by joints and by some
gmall veins, and it also sends out veins into the contignous rocks.

The slate has been altered for a distauce of three thousand feet, from the
southeastern border of the dike. Very near the dike the rock is so much
changed that the stratification cannot be determined ; but farther off, though
the rock is much changed, the marks of stratification are still plain, and the
rock has the usual northwesterly dip.

19
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CHAPTER V.
ONEIDA CONGLOMERATE.

Tus strongly-marked member of the series of rocks is named from the
place where it is well developed. It is the characteristic rock of the Shaw-
angunk Mountain, and is frequently spoken of as the Shawangunk Con-
glomerate or Shawangunk Grit. ’

Its position, dircetly on the Hudson River Slates, as shown in the sections
preceding, sufficiently defines its age.

The rock is all o conglomerate or sandstone. The lower part is made up
of quartz pebbles, from a fourth to three-fourths of an inch in diameter,
cemented by a light-colored quartzose paste. The well known Esopus Mill-
stones are made of this variety of the rock. As we get higher in the series of
layers, the pebbles become smaller, until near the top of the formation, when
they are scarcely distinguishable from the paste in which they are imbedded,
and the whole has the appearance of a firm, compact quartzose rock. This
rock is easily distinguished from the Green-Pond Mountain rock by its
lighter color, though it is equally hard. It is in beds of considerable thick-
ness, and from its hard and unyielding nature has undergone fewer changes
in structure and position than any other of the Paleczoic Rocks. The sec-
tion at the Water-Gap, Fig. 39, shows this hard conglomerate forming the
crest and northwest face of the mountain, while the softer Hudson River
Slates have been worn away on the southeast fuce, and only appear as they
have been overlaid and protected by the unyielding conglomerate.

Fi;. 39,

Viow of Blue Mt at Delnware Water Gap.

This rock has not furnished any fossils. Some portions of it are pyritous,
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and have been worked in for gold, and the bottom-beds of the coarse con-
glomerate yielded eleven dollars worth of gold to the ton, according to our
assays, though some sanguine miners have put the yield two or three times
as much as this. The occurrence of the iron pyrites is so common that
localities heed not be specified. Anywhere along’ the outerop of the con-
glomerate at its meeting with the slate searches may be made, and when-
ever the extraction of gold is so perfected that these small guantities will
pay, this rock may become valuable for its metallic riches.

Galena or lead orc was found in the conglomerate at a very early day.
The Ellenville Mine, in New York, was opened many years since and has
been extensively worked, though it is now abandoned. There was another
mine at Wurtzboro, on the slope of the mountain, which yiclded lead for
a great many years. It is no longer worked. Near Guymard Station on
the Erie Railway, a rich vein of lead ore was found some ten years since.
A large quantity of lead has been taken from this mine, and it is still
worked, though not so vigorously as at first. The discovery of this mine
created a’ great excitement among mining speculators, and very extensive
searches were made all along the west slope of the Kittatinny Mountain,
quite' down into New Jersey. Small quantities of ore were found in numer-
ous places, and it was soon ascertained that the mineral was in some way
connected with the vertical quartzose veins which crossed the mountain at
right angles toits strike. This was a very uncertain indication, however,
for many such veins are scen which contain no ore whatever, and others only
in sufficient quantity to be identified, but not enough for profitable working ;
and in fact there has been no new vein found since the opening.of the Erie
mine, though an immense sum of money has been spent in prospecting and
opening the rock.

The thickness of this conglomerate was measured at Otisville and also
northwest of Newton, on the road to Walpack, and was found to be between
cight hundred and nine hundred feet.

Further details of the geology of this rock are given below.

The castern limit of this formation is coincident with the western boun-
dary of the slate of the Kittatinny Valley, which line is deseribed on page
142. The line between this rock and the Medina sandstone cannot be traced
with much accuracy on account of the drift that conceals the rocks of the
west slopc‘ of the mountain, and also because of the almost unbroken
wilderness which covers it. 'Where this slope is steep, as it is south of
Culver’s Gap, much better opportunities are .afforded for observing the for-
mations. The roads which cross the mountain have been traversed and the
boundary lines located ‘across them. A few intermediate points have been
examined. These connected, determine the line as it is represented on the
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map. At the Delaware Water-Gap the line of separation between the red
sandstone of the Medina epoch and the grey sundstone of the Oneida, is near
the Warren Slate Works. On the road leading over the mountain from
Mill-Brook this limit of the two rocks is at the corner of the road from
Pahaquarry. West of this point the surface is red, and largely made up of
sandstone, while to the cast appear the conglomerate ledges. This boundary
crosses the Flatbrookville road about one mile east of the brook from Long
Pond, or a short distance west of the summit. The roads from Walpack
Centre and PTeters Valley to Newton, are crossed a quarter of a mile
west of their junction. This intersection certainly marks the east extension
of the red sandstone, as there is no more of this rock seen, on going up the
mountain. The conglomerate as elsewhere constitutes the crest or main
ridge, while the red rock forms the subordinate ridges and the lower portion
of the western slope. At Culver’s Gap this dividing line is very plain,
running west of the main ridge, in a narrow valley that crosses the road a
few rods west of the Gap. Trom this point to the state line the only place
where there is any approximation to ecrtainty in the determination: of this
boundary is on the Deckertown and Port Jervis turnpike. Throughout
this distance the main, easternmost ridge, is the conglomerate rock, but
west of that the minor ridges are so covered by gravel, earth and boulders,
a3 to defy any attempt at present, to fix these geological lines. On the
Port Jervis road the réd sandstone extends niore than half way up the moun-
tain, or nearly to the Steany Kill. The red soil disappears beyond the
latter stream, and the conglomerate is seen in place, thence to the top of
the mountain, ‘

The dip of the conglomerate and sandstone beds of this formation, where
obscrvations have been made, ranges from 30° to 40° towards the northwest.
The following are given :

DIRECTION. AMOUNT, . LOCALITY.

N. W. Steep. High Point, Sussex County.

N. 10° 'W. 40° Milford and Deckertown road.

N. 60° W, 30° ‘West of the dike and south of above-mentioned road.
N. 20° W, 40° Delaware Water-Qap.

At the Otisville eut, on the New York and Erie Railroad, the dip near
the slate is 30° N. 40°'W. West of that it increases to 35° and afterwards
to 40° in the same direction.

At Greenwood Lake there are two separate outcrops of this conglome-
rate. They are west of J. P. Cooley’s, and between the lake and Bear-
fort Mountain. The conglomerate of this mountain (of the Potsdam Age) is
bordered on the east by slate. That is succeeded by this white conglomer-
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erate, forming the west halfof a sharp ridge, which runs northeast to the lake
and terminates about half a mile south of the state line. Its dip is quite steep,
S.60° E. On the north point of this range, near the lake, the dip is 50° 8.
50° E. Resting upon this, and occu};ying the east slope of the same ridge
is a narrow belt of Cauda-galli grit. The other outcrop of white conglome-
rate is seen on a rocky point north of Mr. Cooley’s, and also on an island
north of this, and a continuation of the outcrop, now isolated by the head
of water in the lake. This iz avery hard, light-colored quartzose conglom-
erate, with a dip of 60° S. 50° E. On the opposite side of the lake the
gneiss ledges appear. West of this last mentioned conglomerate is a red
conglomerate, probably of the Medina epoch. These outerops are very nar-
row, the whole series being embraced in a breadth of half a mile—from the
foot of the mountain to the lake. The section here given, Fig. 40, will aid
in understanding the above statements:;

Fie. 40.

Green Pond Mt
conglomerate.
Hudson River slate

Oneida conglomerate.
Caunda-Galli grit,
Medipa sandstone.
Ied conglomeraie.,
Oueida conglomernte,
Greenwood L,

Section from Bearfort Mt, to Greenwood Lodge.
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CHAPTER VI,

MEDINA SANDSTONE.

Tass portion of our Paleozoic Formation was named from Medina in New
York. It is a rock of considerable thickness, which is found lying upon the
western slope of the Kittatinny Mountain, and its subordinate ridges. Its
position, in relation to the conglomerate, is scen in the general section on
page 40, and also in the accompanying sketch, Fig. 41, of a fold in the Me-
dina sandstone at the Delaware Water-Gap.

Fie. 41,
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Section of seeond ridge, Kiftatinny 3t., on Dejyware R.

The exact meeting of the two can be very satisfactorily seen along the
line of the Erie Railway between Otisville and Guymard station. Theroad
here is descending the mountain, on a very uniform slope, and a considerable
length of rock has been uncovered in grading for the track. The sandstone
is seen to lie directly on the conglomerate, and in some places there is an
alternation of beds: conglomerate, sandstone, conglomerate and sandstone
again, for several repetitions. The high ved color of the sandstone, and
the light or grey color of the conglomerate make it perfectly easy to dis-
tinguish one rock from the other, and the formation of the latter is seen to
have begun before. the former was fairly ended.

The eastern limit of the Medina sandstone has been described in connec-
tion with the Oneida conglomerate as difficult of exact location. It is, how-
ever, on the western slope of the Kittatinny Mountain, and generally close
to the main ridge of the mountain. For a more minute delincation refer-
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ence must be had to the geological map, and also to the description on page
148, The extent of this formation towards the westis very plainly marked by
the conformation of the country. None of it appears west of the Delaware
River, or west of the Flat-Brook, Little Flat-Brook, and Mill-Brook.
These streams follow the valley which lies between the outcrop of the sand-
stone and the ridges of water-lime and Lower Helderberg rocks west of it.
While the Medina sandstone does not appear west of the above-mentioned
streams, the limestones are not seen east of them, excepting at one point in
Sussex County. This is at Fuller’s Mills, along the Flat-Brook, half-way
between Flatbrookville and Walpack Centre. It is of very limited extent,
and close to the brook. While these streams formn the west 1imit of outerop
the map represents the sandstone formation further west, extending to the
foot of the limestone ridges, as the valley is supposed to have been worn in
the soft shales of the Medina epoch rather than in the harder limestone
series. '

The mass of the rock dips to the west, though there are some folds in it
like that which was shown in the diagram on page 150.
- The thickness of this sandstone can .only be approximately measured;
along the line of the Eric Railway where it was fairly exposed, and no folds
were apparent, we estimated it at eight lmndred feet. In crossing it from
Walpack bend, where its outcrop was broader, and its dip more gentle, the
estimate of its thickness would be eighteen hundred feet, if we could be
sure there were no folds in it. Unfortunately, we could rot be sure of this,
and prefer to reject the result, and adopt that taken along the railway. It is
interesting to notice that this rock in its outcrop across the state widens out
or narrows in breadth almost exactly in proportion to the dip, the gentle '
giving the broad outcrop, and the steep a narrow one.

Table of Dips.

DIRECTION. AMOUNT, LOCALITY,

N, 15° W, 20° Near the Warren slate-worke.

ceas Horizontal. North of Warren and west of brook.

N. 75° E. 12° On road west of brook.

N. 45° W, 30° Grey beds, north-northwest of brook,
N.40°W.  80° . N. 70° E. of the Kittatinny House.
N.20°Ww.  55° Opposite Labar’s Islands,

N.20°W. 40° Near Sunfish Pond,

N. £0° W. 40°-45° Ruvine ut the Pahaquarry copper-mines,
N.W. - Nearly horizontal. Pahaquarry,

8. E. Gentle, Near the tannery, south of Mill-Brook.

8. E. Gentle, North of Pahaquarry, on the Wallpack road.
8. E. Gentle, Near an old milldam, north of Mill-Brook.
N, W. Gentle, Flatbrookville and Mill-Brook road, three-quatters of

a mile north of Mill-Brook.,
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DIRECTION.  AMOUNT. LOCALITY,

N. W. 0°-20° Flatbrookville road.

8. E. Very gentle. Flatbrookville road, near the top of the mountain,

N. W 50° One and a half miles northeast of Flathrookville,

N. W. 40° Three-quarters of a mile northeast of Fuller's Mills,

N. W. 20° Bouth of the Newton and Milford road and west of
Culver's Gap,

N W 15° Near P. Snook’s one and a half mile west of Culver's Gap.

N 60°W 7°-9° Hotalen's saw mill, Beer’s Kill,

N. W. gentle. One mile gouth of the above.

N. W. 10° Along Red Brook, east of the Mill-Brook,

N. W. Moderate. Boyd's Hotel, Port Jervis and Deckertown turnpike,

The more shaly members of this formation arc traversed by cleavage
planes which give the rock in some places the appearance of a red slate.
These planes of cleavage dip generally at a steep angle towards the south-
east. They can be scen along the road at the bank of the Delaware, between
the Pahaquarry Copper-Mine and Brotzmansville, also west of Mill-Brook,
near Flatbrookville, and wherever the rock is argillaccons.  Along the New
York and Erie Railway there are many cuts that exhibit this tendency to
cleavage. The harder and cross-grained beds do not show it. The pre-
vailing color of the rock in New Jersey is red and brownish-red. Ocea-
sionally a greyish-green bed oceurs with the red strata. At the Pahaquarry
Copper-Mine the rock is of a greyish shade. The texture varies greatly
near the hottom, the rock is generally an arenaceous sandstone, made up of
quartz grains, with some beds containing small pebbles of white quartz.
These are interstratified with shaly rocks containing very little grit. The
upper members in the formation are nearly all of a reddish ghale, which is
very much split up by the cleavage. Ilarder beds of red and greyish sand-
stones are interposed among these shales. The latter occur in thin beds,
while the sandstone is mostly thick-bedded. A concretionary structure is
seen in many places in the softer or more argillaceous sandstone. The rack
is rather tough so that none of it is to be called a freestone, and it has never
been much used for building. But one quarry in this rock is known and
that is a very small one. The softer sandstones and the shales disintegrate
and form a tolerably good soil.

The remains of a fucoid or sea-weed, nre found very commonly in this
rock in New York; but as far as known no fossils of any kind have
been found in it in New Jersey. Ripple marks are found in many
places, and in remarkable preservation. The most casily found are
those along the Erie Railway above Port Jervis; but wherever the rock
is exposed, as in gquarrying, they can be seen. Diluvial scratches are to be
found in all places where the rock is covered with carth. They are very
distinct, and almost as fresh as if made within a year or two,
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Copper and iron pyrites have been
found in the rock at different places. In
In Pahaqguarry, near J. T. Shoemaker’s, the
copper has been found in sufficient quantity
to encourage enterprises for mining it. And
considerable work has been done, at different
times, for many years past, but it has not
been found profitable: and there are no
indications to warrant any large outlay of
money in mining in this rock.

A red shale, and a red quartzose conglom-
erate, supposed to be of this age is found
west of Greenwood Lake, in Passaic County.
The red conglomerate forms a low ridge bor--
dered on the east by the white Oneida con-
glomerate, and on the west of it is the shaly
rock, beyond. which a second ridge exposes
the Canda-galli grit. This red conglomerate
may be seen across the roud, from the resi-
dence of J. P. Cooley. It is a red quartz
matrix, containing white pebbles of quartz.
Some strata are quite thin. Dipis 50°S. 60° E.
Its north terminus is north of Cooley’s, where
a gravelly point puts into she lake. The
dip of the shale was not obtained. In this
shale, on lands of Mr. Cooley, some hema-
tite has been found and a small excavation
made. Near the south end of these ridges it
also occurs loose upon the surface. For a
better appreciation of this interesting local-
ity, the reader is referred to the section on
page 149, ’
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THE PALEOZOIC ROCKS,

WIHICH LIE ABOVE THE MEDINA SANDBTONE.

The rocks which are found in the valley of the Delaware, on the north-
west of the Kittatinny Mountain, by their association constitute a very
natural group. And before giving the detailed account of each one, some
general statements may be presented which will give a clearer idea of them
in their relations to each other.

A valley, varying from two hundred and fifty yards to a mile in width,
and filled with drift, lies on the west border of the Medina Sandstone,
and separates that rock from those of the higher formations so completely
that they are nowhere within the state scen in contact. Mill-Brook drains
this valley and its northeastern end, and Little Flat-Brook and Flat-Brook
drain its southwestern end.  Between this valley and the Delaware there
is a series of low hills in which the rocks we are to describe find their
outerop.

Tig. 42, on page 153, represents a section across this valley and ridge to
the Delaware, about three miles below the northern boundary. The valley
of Mill- Blook is seen on the right, then the ridges in which the Lower
Helderberg, the Oriskany sandstone, the C.mda -galli grit, and the Cornif-
erous limestone appear, are also shown,

Tt will be seen that the Medina and the Water-lime are both mmked
with interrogations. The drift so entirely covers the western border of the
Medina that its precise termination was nowhere scen, though it is so con-
spicuous a part of the western side of the Kittatinny Mountain. The heavy
covering of earth on the eastern slope of the ridge left no rock exposed
where the place of the water-lime is; and though entirely certain that the
rock is there and could easily be uncovered, the details of this formation
were really obtained by examining the water-lime rocks, at Rondout, in
Ulster County, New York, which is in the same valley, and where the
rock is extensively quarried. The other rocks were all found in place, and
the descriptions were prepared on the ground.
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CHAPTER VII.

WATER-LIME,

Tims member of the series is named from the valuable beds of water-lime
foundin it. The extensive cement works at Rondout, Rosendale, and other
places in Ulster County, New York, all get their material from this forma-
tion. It lies between the Medina sandstone below, and the Lower Helder-
berg limestone above. No portion of it has been seen in contact with the
Medina sandstone in New Jersey, but the two rocks are seen, the one
directly on the other, at High Falls, near Rondout, and the other members
of the series are g0 much alike there and in our state, and the interval
botween the Medina and the upper members so nearly the same, that there
can be no reasonable doubt that the same rock ean be found in the as yet
undeveloped space in New Jersey. The cross-section at Nearpass’ quarry,
which is given in Fig. 43, starts at the top of the Medina, and shows the
rocks that crop out on the east face of the ridge. The debris or talus at
the foot of this stecp ridge, is just enough to cover the lower rocks of the

hill all the way across the state.
Fro. 43.
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The upper member of the water-lime rocks is very plainly exposed at a
number of places. It is a light-blue, fine-grained limestone, with a smooth,
conchoidal fracture. Tts marks of lamination are very plainly developed in
it, and the lamina are so different in their shades of color that the rock has
a striped appearance, and we have designated it the Ribbon Limestone. It
is very even-bedded, and easily quarried. 1In some places it has been used
for burning into lime, of which it makes a good quality, though not quite
so pure as the best of the Lower Helderberg limestone. Some of the
lower layers at Flatbrookville and above Walpack Centre were gritty, and
at the latter place disintegrated. The rock is well exposed a mile north of
Walpack Centre; on the Peters Valley road; at Walpack Centre; on the
road towards the Delaware ; at Stoll’s limestone quarry, half a mile south
of Walpack Centre; and along the brook below Flatbrook village. Its
thickness was estimated at from forty to sixty feet. It dips to the north-
west in most cases, though a fold was seen in Stoll’s quarry. At Walpack
Centre, north of the village, the dip was 63°; on road towards the Delaware
it was 50°. -

Tossils are not common in this rock. At Rondout we saw the Leperditia
alta, and a Cytherina in the lower layers of this rock or in the top of the
water-lime.  No Tentaculites were seen.

In the quarries of the Newark Lime and Cement Company, at Rondout,
we noted the following succession of rocks, from the Ribbon Limestone,
downwards:

Ribbon Limestone.
Tive feet of cement rock, prismatic or “five-cornered rock.”
Two and a half to three feet of dark-colored limestone.
Twenty-four feet of cement-rock.
Six feet of dark-colored limestone.
Hudson River Slates. :
At their quarries about a mile north of Rondout there is
Ten feet of cement-rock.
Fifteen fect of limestone.
Ten feet of cement-rock.
Five to six feet of limestone.
Hudson River Slates.
At Whiteport, at the quarries of the Newark and Rosendale Cement

Company, there was
Twelve fect of cement-rocle.
Eleven feet of limestone.
Eighteen feet of cement-rock.
Olive-colored grit or sandstone.

At Rosendale, on the south side of the creek, the rocks are inverted, and

s
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twenty feet of the cement-rock is seen overlaid by the Oneida Conglomer-
ate. It is evidently only a local
Shale. -_E’ inversion of a fold, though the dip
; 4 s : Q o
] sandrock. g | of themeeting is 40° 8. 70° E.
' ~—|  The Lawrence Company have
] . . .
] Cherty limostone. in their quarries—
_ Ribbon Limestone.
Lower P
ower Pentumerns. Twenty-four feet of cement-
rock,
Grey sandstone.
Qunrry stone. At High Falls, from Norton’s
quarry and Baxter and Delafield’s,
Blue limestane, g the following section along the
5| creek can be seen—
'2. 1,7 pe g
< staty rock. = iiin layers of fossiliferous
4 limestone.
= Fifteen to sixteen feet of ce-
Oid quarry stone. ment rock.
s Feihrione, Two and a half feet of Mag-
} Coralline limestone. ’ nesian limestone, © build-
;? Ny e ing stone.”
.ﬂi Tive feet of black, slaty rock,
! 7] e wione. “gslate cement;” quick set-
_ ~ ting.
Fifteen feet of grey and
greenish-gray ripple-marked
Ribbon limestone. sandstone.
% Thirty to forty feet of thin-
g bedded grey sandstone,
' 3 Red shaly sandstone.
— Light cement. & .
s Oneida conglomerate.
T T . .
A T Hintormodiate limestone| ¥ | 1t would be of much scientific
T interest to have the place of the
water-lime examined in our state,
| Dark cement, .
| and there are Jocations where the
— —-] examinations could be made at a
== moderate expense.
= == E The accompanying columnar
xS = -4 Mcedina sandstone. 2 . . A e
e e 2 | section, Fig. 44, gives the position
of this rock in the series, with its

proper relative thickness, as com-
pared with the limestone and other Lower Helderberg rocksin Susssx County.
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CHAPTER VIII.
LOWER HELDERBERG LIMESTONE.

This limestone is named from a well known locality of it in the Helder-
berg Mountains. It is well developed

Shale. in New Jersey, forming the middle
. and upper part of the eastern face
] sandstone. of the entire range of hills along the
s Delaware, from Carpenters Point to
| S R Walpack Bend. Al the subordinate
% Chorty lmomto3: 1 embers of this division are well ex-
e e, posed in the steep face of the hill west
5] 1o pentamerns, O WD Nearpass’, four miles south-
=Sy cast of Carpenter’s Point. Fig. 43, on
‘ o B s page 155, exhibits a profile of this bold
| T 1 and rocky bluff. The columnar sec-
‘ ! i Quurystone.  tion, Fig, 45, which is here inserted,
| o EN T 7 gives the sub-divisions of this impor-
‘ g T_!T‘T;. tant stratum of limestone a8 they are
| ; T T3 T"“r‘ exposed at Nearpass’ quarries, and in
| 4 I —— the hill near there. The prominent
| g‘i I & e e e Blao limestone . hdivisions or members are Very per-
3 3‘% - sistent through the whole length of
| T E their exposure in the ridge, both in
2 S appearance and in composition. -
g. ] Sl bede. The following deseriptions and
2 , i s measurements were taken at W. Near-
| e SR E pass’ quarry.
A o l' . Fire-stone 18 a thick-bedded, and
LI S o Old quarry-stotie.  golid limestone, full of indistinet fossils,
=2 Poth stone. which are crystalline in their sub-
] " L .' Coralino lager, stance; it })ums inte a dark-.colored
L e but strong lime. When quarried and
3 Bl State. laid in kilng with the natural edge to
g l' ! s the fire, it stands the heat well, and is
g S | used in building limekilns : hence its
g T y Fire store. name; its color is dark blue, and some
o L parts of it are tinged with red. Itis
v [N seventeen feet thick.
Slate of a light drab color ; in thin
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beds or lamina; it is calearcous and disintegrates easily. It is four feet
thick,

Coralline layers ; a thin-bedded limestone full of small corals.. It is six
feet thick. '

Peth-stone; a local name, applied to o thick-bedded argillaccous
limestone; light-blue color; fine-grained, containing iron pyrites in small
and detached crystals. Tt is said to make water-lime when burned. It is
three feet thick.

Old quarry stone, a thick-bedded blue limestone, formerly used for burn-
ing into lime ; no fossils. Tt is eight feet thick.

Slaty-rock, with calcareous layers ; light colored and fine-prained ; twenty
feet thick.

Dark-blue limestone ; with eingular knots or nodules of limestone, from
three to six inches in diameter, interspersed through it; ten feet thick.

Quarry stone; a thin-bedded, dark-blue limestone, without fossils;
makes the best of lime. It is twenty-two feet thick. :

Pentamerus layer ; a bed of dark-blue limestone full of fossils: Penta-
merus galeatus very abundant. It is ten feet thick.

Cherty limestone; a thin-bedded limestone, with thin and interrupted
layers of chert. It is ten fect thick,

The fire-stone may be seen in the rocks three-fourths of a mile south of
Peters Valley ; half a mile north of Walpack Centre ; at Walpack Centre;
at Flatbrookville ; and in many other places.

The pentamerus layer, is seen also at Schooley’s, near Peters Valley ; at
" Layton’s, south of Peters .Valley; at Walpack Centre; and at Walpack
Bend, or Flatbrookville.

Other good localities may easily be found.
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CHAPTER IX.

ORIBKANY BSANDSTONE.

Ux~pEr this division we have included the large mass of rock lying be-
tween the Lower Helderberg and Cauda-galli. There is a thin bed of
tender sandstone, or almost sand, full of indistinct marks of fossils, which
may be considered as the base of this formation. It is hardly eight feet
thick, and may be seen above W. Nearpass’ quarries; near Peters Valley; .
at Walpack Centre; and west of Flatbrookville. Lying on this is a thick
body of shale, which constitutes the prinecipal part of the formation. The
relations of these beds to the Lower IHelderberg series, and also the relative
thicknesses of the sandstone and the underlying rocks may e seen in Fig. 46,
which represents a section on the road running west from Walpack

Centre, -
Fia. 46,

Sandstone,
Fenianmierus
lmestore.
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Section west of Walpack Centre, Susser Co.

The shale is light-colored, soft, and disintegrates casily. Some of the
beds are very calcareous, while others are gritty. Fossils are quite abun-
dant, especially in the upper layers, near the Cauda-galli grit. Tts out-
crop, forming the top of the series of ridges, is easily recognized at a glance
by its smooth and cultivated surface. In this respect it presents a strong
contrast to the limestones on the east and the grit on the west.
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This" formation may be seen almost everywhere, from the state line to
Walpack Bend. A few localitics are added where the exposures are very
good. West of Nearpass’ quarries it forms the second ridge or crest in the
serics of ridges. A fine locality for examining rocks and included fossils
i3 along Chamber’s Mill-brook, northwest of Isaac Bonnell’s residence,

Here the rock forms a perpendicular wall along the brook for some

distance. At an old quarry, on its south or left bank, a large number of

casts were found. Half amile west of Centreville, on the Dingman’s Ferry-

road, at the corner, calcareous and shaly beds are seen. Some of the ’

layers close under the grit rock are crowded with casts of Spirifers,

Platyostoma, ete. West of Walpack Centre the same shaly beds are to

be seen.  One mile southwest of the latter place, on the roadside near Mrs. |
Cole’s, there is a very fine exposure of the buff-colored shale. Here the |
northwest dip and the cleavage to the southeast is seen. In Pompey and
Walpack ridges it iz also to be seen. West of Flatbrookville it forms the
face of the ridge, looking towards the village.

The dip of this rock, wherever it was ascertained, was towards the north-
west.  Along Chamber’s Mill-brook it was 5°-10° to the northwest. Near |
Walpack Bend it is much steeper, perhaps 40°,  The cleavage planes every-
where show a quite steep dip towards the southeast.

As estimated, west of Flatbrookville the shaly rock is about one hundred
and twenty feet thick. From the breadth of the outerop west of Walpack
Centre, and with a uniform dip of 40° to the northwest, its thickness would
be made to be over three hundred feet. The difficulty of always fixing the
angle of the dip renders this estimation a matter of uncertainty.
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CHAPTER X

CAUDA-GALLI GRIT

This name is given to a formation, from the fancied resemblance which
one of its fossils bears to a cock’s tail. The rocks of this epoch are quite
largely developed in New Jersey, between the state line and Walpack
Bend. They occupy the top and a part of the upper western slope of the
hills west of Mill-Brook and Flat-Brook. See Fig. 42, on p. 153. Geologi-
cally this belt is bounded by the Oriskany Sandstone on the east, and by
the Onondaga Limestone on the west. It is the most persistent member of
the series of rocks which compose this range of hills or ridges, The out-
crops are very numerous, and the intervals where it does not appear are not
of great length. This frequency of exposures and its superior hardness
makes the dividing line between it and the shales of the Oriskany Period
very distinet; the latter readily crumble to a soil and are mostly tilled,
while the surface of the former is broken by projecting knobs and ridges of
hard rock. The boundary line on the west between this and the limestone
is not so plainly marked. Between Carpenter’s Point and Hornbeck’s
Mill this rock occupies the summit and the west slope of the ridge, the
limestone underlying the adjacent flat or valley along the river. At. Mon-
tague the boundary line is near the brow of theridge. Between this and the
road between Dingman’s Ferry and Centreville the drift and gentle slopes
renders the line obscure, except at a few points, The grit rock does not
go much below the brow of the ridge, before the limestone appears. - On
the road from Peters Valley to the Ferry the limestone ascends to the top
of the hill, near J. C. Bevans’. Thence to Walpack Bend the boundary
line runs along on the ridge high up on the west slope, between the river and
ridge roads. The transition from one rock to the other is noticeable on all |
the roads which cross the range. South of the Reformed Church, at Flat-
brookville, the ridge is shale of the Oriskany Period and this grit-rock.
The localities where this rock can be examined are very numerous—
from one end to the other it is almost a constant succession of rocks. A
few localities are, however, added for the convenience of observers. At
Carpenter’s Point the rock is well exposed on the road to Nearpass’ quarries ;
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at the bare rocks, on the west slope of the ridge, about a mile from Carpen-
ter’s Point, where nearly twenty acres of the slope consists of this rock.
Northeast of Hornbeck’s mills the impressions are very abundant. On
the road from Centreville to Dingman’s Ferry the rock is exposed. South of
that to Walpack Bend one cannot help but find them ; and west of Peters
Valley, near the schoolhouse, is an unusually good locality forthe Cauda-
galli impressions. .

The rock has a uniform dip towards the northwest. Near J. Van Noy’s,
cast of Shabacong Island, the rock in the road erossing ‘the ridge is heauti-
fully polished and striated. Here its dip is 15° to the northwest. Near
Hornbeck’s mills the dip is 25° N, 45° W. Near J. C. Bevans’, on the
road from Peters Valley to Dingman’s Ferry, it is 15° N. 60° W, On
the road west of Walpack Centre, it is gentle to the northwest. West
of Flatbrookville, near the Reformed Church, it is about 20° to the north-
west.

It is split up by cleavage planes nearly everywhere ; these dip towards the
southeast, and are nearly vertical in some places. Near Bevans’, north of
Peters Valley, these dipped 50° to the south-southeast. West of Walpack
Centre the angle wag 60° S. 15° E. :

The rock is remarkably uniform in its character throughout its outerop,
in this state. It may be described as a dark grey to black, fine-grained,
compact, hard and gritty slate. The projecting rocks in the fields and else-
where show its durability or power of resistance to atmospheric agencies.
When # is not too much split up by cleavage, the fucoid impression is gen-
erally found. The cleavage causes it to break in long prismatic forms, ob-
scuring all traces of this impression. North of Hornbeck’s mills two or
three casts of shells were found, but the pieces were loose; and though they
seemed to be from the ledge close at hand, it was too uncertain to put them
down as belonging to the ‘Cauda-galli grit. The thickness of this rock is
not easily attainable. Along the New York and Erie Railway there is a
horizontal exposure of five hundred feet of this roek, in a cut at right an-
gles to its atrike. This, allewing for the dip, would make about two hun-
dred and fifty feet of rock. Where the boundaries can be best located, the
breadth of the outcrop is between three and four hundred yards. This
would give, at the latter dimension, slightly more than four hundred feet,
which is probably very near the truth. ’

The Cauda-galli grit also occurs west of Greenwood Lake, near J. P
Cooley’s, as as been mentioned under the head of Medina Sandstone. It
appears on the east slope of a ridge, east of the Bearfort Mountain, dipping
steeply S. 60° E. Oneida conglomerate constitutes the western portion of
this ridge. Thegrit rock crops out along the road west of the lake. Its
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most northern exposure is at the lake shore of a low, rocky knoll, about
half a mile from the New York line. Here it appears to be conformable to
the conglomerate under it. Southeast of this grit is a narrow valley, whose
surface is a red shale, supposed to be Medina sandstone.

A few specimens of the characteristic fucoid were found on the greyish
plates of this grit rock.
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CHAPTER XI.

ONONDAGA ;.\ND CORNIFEROUS LIMESTONE.

Tursk limestones are so intimately connected, that no attempt is made to,
separate them in this deseription. 'They belong to the Upper Helderberg
epoch, and are sometimes known as the Upper Helderberg Limestones.
The Corniferous or Cherty limestone (being named from the abundance of
chert or hornstone disseminated through it), extends from the Cauda-galli
grit west to the Delaware River, excepting at one point, near Shabacong
Island, where the Marcellus shale lies between it and the river for a short
distance. As stated in the last chapter, this Tock rises in some places nearly
to the top of the ridge, which constitutes its eastern boundary, and the
Delaware River is its northwestern limit, with the locality excepted above.
The later deposits (of the Terrace epoch), have covered very gencrally the
rock of the valley to the foot of the ridge. A portion of these flats, as for
example those opposite Milford, or that north of Dingman’s Ferry, may be-
long to the Marcellus shale, the rock being concealed by the loose materials
of the valley. The river would most Jikely wear into the soft shalo rather
than into the hard limestone. Thus patches of the shale might be left as
that near Van Noy’s and Shabacong Island. The breadth of these limestones,
as measured from the grit, on the east to the Delaware, at the broadest
part, is about two hundred yards. At Milford, and also at Dingman’s
Ferry, the breadth is but little more than half that. Assuming the latter
as correct, the thickness of the two limestones would be five hundred or
eight hundred feet, according as the dip is 920° or 30° to the northwest.

~ The dip is uniformly towards the northwest. The rock may be seen, with
this dip in Laurel-Grove Cemetery, near Carpenter’s Point; at Montague
(ferty to Milford), and intermediate points along the river road; at Ding-
man’s Ferry, and so on to Walpack Bend. Opposite Milford, atthe ferry,
the'dip is 30° N. 35° W.; southwest of Walpack Centre the dip is 20° N.
47° W.; west of that place it is 20° N. 50° W.; about one mile northeast
of Dingman’s Ferry, it is 15° N. 55° W.

This limestone is of a light-bluish color, very fine-grained, and in beds
remarkably uniform in thickness. The chert oceurs in certain beds, some-
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times composing half of the rock. The wear of water on the beds along
the river leaves the chert in relief, giving to the beds o very ragged ap-
pearance. It seems to occur in certain planes in the same bed more abun-
dantly than[in"others. The longer axes of the chert nodules are arranged
according to the cleavage and not with the stratification.

The Onondaga limestone is barely recognized by an encrinite, and a cya-
tho-phylloid coral, and two other fossil specimens found in a road about one
and a half miles northwest of Dingman’s Perry, and about four -hundred
yards south of Dusenbury’s distiflery. This is the only indication of the
rock, and there are no facts to show that it forms any considerable stratum.

This rock, when free from chert, contains a very small percentage of mag-
nesia, but a considerable amount of earthy matter, ranging in the specimens
analyzed from ten to twenty-ome per cent. It has been used for lime, and
to some extent for building—in each ‘case it was obtained along the Dela-
ware River at Milford and Dingman’s ferries, Fossils are not common in
this rock.
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CHAPTER XII.

MARCELLUS SHALE.

Tuis réck is seen at one point only in New Jersey. It occurs along the
Delaware River, on that channel of it known as the Benny-Kill, opposite the
south end of Shabacong Island, and on the lands of Abram Van Noy. Itis
seen for three hundred yards along in a bank about twenty feet above the
water, and it forms the bottom of the river for some distance out from the
shore. Earth covers it in most places except in the edge of the bank toward
the river. “Tts color is very dark—almost a jet black. It is very fissile,
and under the stroke of the hammer breaks into small pieces not greater
than six or eight inches across. It contains iron pyrites, which, on the ex-
posed surface of the rock, having decomposed and covered it with an inerus-
tation of the hydrous peroxide of iron, gives to it a brownish iron-rust color.
A considerable quantity of this iron-rust, or hydrous peroxide of iron, has
been carried down by streams of water, and deposited along the banks of
the river, and thus led many, erroneously, to believe that valuable deposits
of iron ore are located in the vicinity.”*

The fossils are quite abundant. Those recognized were Tentaculites fissu-
rella, Orthis nuclens, Atrypa limitaris, and Orbicula minuta. An opening was
made here in the rock about fifty years ago for plaster. At that exeavation
the rock is best exposed, and the fossils arc obtained. West of this banlk, in
the bed of the river, or Benny-Kill Channel, the shale appears firmer than
that in the bank. It is partially covered by the shifting sand and gravel of
the channel. '

It is very probable that the Marcellus shale underlies theflats west
of Hornbeek’s mills, and some of the islands in the river. It must be
deeply covered, however, by earth and gravel.

#Dr. Kitchell’s report for 1854,
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CHAPTER XIII.

GEOLOGY OF THE SURFACE.

Tue rocks of the Paleozoic Formation, which have been described in the
preceding pages, are more or less hidden from ordinary observation by a
covering of eartl. To a considerable extent this receives its character from
the rock wpon which it lies. The limestone, slate, and sandstone soils, each
have their peculiar properties, and arc marked by characteristic features.
They have not all, however, been formed in the same way. The limestone
goils have very little resemblance in composition to the limestones which
underlie them. They do not contain much carbonate of lime, even where
the limestone itself may contain as much as ninety or ninety-five per cent.
of that substance. They have the appearance of having been formed from
the impurities in the original rock, the carbonate of lime, itself having been
dissolved out and washed away. ‘

The slate soils are very nearly the same in composition with the rock
itself, and have evidently been formed by the simple crambling down of the
slate.

The sandstone soils have been formed by the disintegration or grinding
down of the sandstone rocks, and they arc only fine particles of the rock,
with such clayey and organic matters as have accumulated in the surface-
soil, in the time of its exposure.

These are the characteristic soils of the formation. They are modified
in properties, in many places, by admixture with each other. And there
arc also extensive beds of drift material, in which seil and fragments of rock
from almost every formation enter. Some fine earth, coarse gravel, sand,
clay, stones and boulder, all are mixed together, Great quantities of such
material are to be found along the eastern and lower slope of the Kittatinny
Mountain. .There are large and rounded hills of drift about Hamburg.
At Ogdensburg there is a bank of drift-carth nearly sixty feet high, which
stretches directly across the valley of the Wallkill. The river appears to
have cut it away at its western end for a short distance, but one can hardly
resist the belief that it has at some former time been a dam entirely across
the valley. There are other hills about Sparta which show their drift
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origin very plainly. In the Kittatinny Valley, masses of drift are to.be
seen in almost every part. In the valley of the Delaware, above the Water-
Gap, immense beds of drift can be seen. At Dingman’s Ferry, and oppo-
site Milford, very fine terraces, of at least two different levels, are to be
seen. The alluvial plains along the river, and the muck and clay deposits
in the smaller valleys, all help to give variety to the soil, at the same time
that they obscure the original rock formations.

Boulders are found scattered over the surface of the whole country,
though not uniformly, nor in such large numbers as to interfere with farm-
ing. Some of the boulders of the limestone from west of the Kittatinny
Mountain are found at great distances to the south and southeast, quite over
the Triassic Formation. Boulders of the Oneida Canglomerate, from the
Kittatinny Mountain, are also found far to the southeast of the mountain.
Enormous fragments of the magnestan limestone are also found on the
mountain southeast of that rock. But the most abundant and wide-spread
rock of this age is the Green-Pond Mountain Conglomerate, which is found
in boulders twenty, thirty or even forty miles away from the mountain. It
is not usual to see boulders of a rock west or north of the ridge to which it
belongs. They arc sometimes seen, however. A large boulder of gneiss
was geen near Balesville, north of Newton, and almost on the western édge
of the Kittatinny Valley.

Diluvial scratches are seldom, it éver, seen on the magnesian limestone or
slate, but they are very plainly scen at many places on the Medina sandstone,
and also on the red sandstone rocks of the Green-Pond Mountains, Some
of the streams in the Kittatinny Valley run through very flat districts of
country, and large traets of wet and marshy land are found on their bor-
ders. One of the largest of them is the Great Meadows, on the Pequest,
in Warren County, extending from Danville up the stream to the Sussex
line and a little beyond, a distance of more than six miles. Their average
width is a mile and three-quarters, and their area about six thousand acres.
There is a considerable fall in the stream, said to be twenty-five feet in five
miles, but its course is very tortuous and much obstructed by fallen timber.
The bottom is hard, and the muck is shallow near the middle of the
meadows; but near the borders it is said that the peat is very deep. The
form of the valley is such that a much greater fall could be secured if it is
needed for drainage, and the land, when reclaimed, would be of the most val-
wable kind. The level plain at the head of the valley, and near Long Bridge,
is only an extension of this meadow above the level of the river freshets, and
it is one of the most beautiful farming regions to be found anywhere. The
soil is a light, sandy loam, entirely free from stones, and of very casy tillage.
By drainage the whole meadow valley could be brought to the same condition.

22 :
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The Drowned Lands on the Wallkill, in Sussex County, are another exam. .
ple of the damaging effect of sluggish streams upon the drainage of a coun-
try. For nine miles along the Wallkill, and its branch Black Creek, there
is astrip of most beautiful meadow land. It covers an area of five thousand
acres. The stream has very little fall, on account of obstructions at Hamp-
ton, in New York., The consequence is that the valley has become filled
either with the rich fine sediments, brought down by water from the up-
land, or with peat and muck, the products of the growth and decay of
vegetable matter for ages past. In wet scasons the meadows on these
lands are liable to be ruined by freshets, or else this valley wounld be a
garden of fertility and productiveness.

The Paulinskill meadows, near Newton, contain one thousand eight hun d-
red acres of wet and marshy ground. Meadows filled with peat and muck,
which have accumulated since the drift gave form and surface to the depo-
sits of gravel, sand, clay and soil.

Other and more limited deposits are found in valleys and along streams
in various parts of the formation.

“BupLL-Mary, Carcareouvs SiNTER, Cavrcareous Tura, TRAVERTIN. ¥—
These terms are applied to deposits of lime from solution in water. They
occur generally in springs, ponds, shallow lakes, and low marshy lands.
Water holding carbonie acid gas, in solution, has the property of dissolving
carbonate of lime, which is. deposited in the form of a fine powder, when-
ever the carbonic-acid gas escapes. This gas is held in solution by rain-
water, and many spring waters, which, in percolating through limestone
rocks, or in passing over their surface, dissolve a portion of the lime, and
carry it into ponds, lakes and marshes, where it is deposited in the form of
a white calearcous powder. It is there absorbed and secreted by testaceous
animals, whose outer covering or shell is thus formed. In those places,
where large quantities of calcareous matter is held in solution, these small
testaceons animals grow in great abundance, and live but a short time,
their places being taken by other gencrations, which in “turn die, and thus
large deposits are formed, called skell-marl. In those sitnations where but
little caleareous matter is held in solution, new generations of testacea,
in forming their own shells, consume those of pre-existing ones, and thus
the rapid aceumulation of shells is retarded. And again, where a superflu-
ous amount of carbonate of lime is held in selution, which ig very often the
case in limestone distriets, the lime is deposited with the testaceous remains,
which still more rapidly increases the deposits. Shallow ponds or lakes,
where the deposition of shells and lime is rapidly carried on, finally become
filled up to the water line. So soon as the water passes off, peat begins to

* Dr. Kitchell's Report for 1654, p. 47.
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form, and by its annual growth and decay, a deposit of this material is
quickly accumulated upon the marl. When in such cases, the peat begins
to form on the surface, the testaceous animals do not cease to exist, but on
the contrary, continue generation after generation to increase the deposit of
marl under the peat, while at the same time the peat is continually increas-
ing upon the surface. Itisin this form the extensive deposits of, marl occur -
in almost every part of this formation. Wherever such deposits have beén
examined, they are usually found to rest npon a bed of clay, sand or gravel,
and are sicceeded by muck or peat. At or near the junction of the peat
and marl, a layer of living testacea generally occurs, mingled with the peat.
From twenty-five to thirty inches below this the living animals disappear
their places being occupied by their remains in a decomposed state. The
shells most frequently found in these deposits, are the Limnea jugularis, Val-
vata tricarinata, Cyclas similis, Planorbis bicarinata, and some other species.

Springs holding a large guantity of lime in solution, sometimes deposit it
on the surface in the form of a loose, porous mass. It often happens that
twigs and leaves are enveloped in these deposits, and their impressions thus
preserved in a most beautiful and perfect manner. Such deposits are
called calcareous sinter, caleareous tufa, or travertin. Extensive deposits of
calcareous sinter and shell-marl are found in every part of this country.
The most important localities are in the limestone districts. A large de-
posit of shell-marl is found along the course of Chambers’ Mill-brook, in
Montague township, on the farm of Isaac Bonnell, Esq. ‘This deposit
covers an area of from seventy-five to one hundred acres. It is situated in
a low meadow or marshy land, surrounded by limestone hills; and this
meadow has, at one time, doubtless, been covered by a shallow lake or
pond. Near the centre of the deposit, an examination was made to the
depth of eighteen feet, giving the following section :

Peat and muck, three feet.
Marl and peat containing live testacea, four feet.
Marl, very fine, made up of decomposed shells, eleven feet.

# The instrument not being of sufficient length, the whole" thickness of
the deposit was not ascertained.

“In other places where the examinations were made the peat was tound
to be from five to ten feet in thickness; and from six to ten feet from the
surface were found embedded the branches and trunks of trees, from one to
two feet in diameter.

“ On the Little Flatkill, two miles southeast of the town of Montague, upon
the property of J. Cole, Esq., is found anhother deposit, covering an area of
fifty acres. The peat testing upon the marl is from four to six feet thick ;
and the marl from six to eight feet, resting upon a bed of sand and gravel.
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“On the farm of Mr. Isaiah Vannetten, one mile and a half northeast of
Hainesville, is another deposit, covering an area of twenty acres, and over-
laid by a deposit of peat from three to eight feet in thickness.

“On the farm of Mr. Benjamin P. Van Syckle, in Sandiston township,
three miles northwest of Tuttles’ Corner, and two miles soytheast of ‘Ding-
man’s Ferry, is found a deposit of calcareous sinter, covering an area of at
least five acres. It is exposed on ecither side of asmall stream to the depth
of several feet. A well, fifteen feet, has been dug into it without passing
through its whole extent. Though very hard and compact upon the sur-
face, it becomes softer and more pulverulent as it descends. In it arefound
numerous nodules, or concretionary masses, which have been formed by the
deposition of the lime around a twig, or some other substance, as a nucleus
for the aggregation of caleareous particles. The source of this deposit may
be traced to a spring half a mile distant, near the the house of Mr. James
Struble. This spring issues from the base of a limestone ridge, and empties
into a small reservoir or pond, whenee it passes to Mr. Van Syckle’s land.
In the bottom of this reservoir grows the chara, a genus of aquatic plants,
While growing at the bottom of ponds and streams, it has a dark-green
color, but upon being removed and exposed directly to the atmosphere, it
soon becomes white and erumbles to a fine powder, composed chiefly of the
carbonate of lime. - Large quantities of it are constantly forming at the bot-

“tom of this pond, and it requires to be removed, from time to time, in order
to prevent the pond from being filled by its rapid accumulation.

“Another extensive deposit of calcareous sinter is found on the limestone
slope at Dinginan’s Ferry, a little above the Delaware River. It covers an
extensive area, and is from fifteen to twenty-five fect in thickness, as may
be seen by examining either side of a small stream passing through it, and
from which the calcareous matter has been deposited. On the snrface,
where it is exposed directly to the atmosphere, it is very hard, and emits a
ringing sound when struck by the hammer, A few feet from the surface,
it is soft and pulvernlent, and of a light grey color. It contains numerous
beautiful and perfect impressions of leaves, branches, ete.

“ Inexhaustible quantities of marl and calcareous sinter may be obtained
from the above localities at & comparatively trifiing expense.

“In the Kittatinny and Walkill Valleys deposits of marl are numerous. .
They are found several feet in thickness at the bottom of the lakes and
ponds, marshes and meadow lands, so abundant in these districts. . A very
common name for these small collections of water is © White Pond,” of
which several are so called in the digtrict. This name is given to them on
account of the deposits of shells distinctly visible at their bottom.”
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. DIVISION III.

TRIASSIC FORMATION.

CHAPTER L
AGE AND GEOGRAPHICAL EXTENT.

Taar portion of New Jersey which is of the Triassic or Red Sandstone
Age, is included in a belt of country which has the Highland Range of
mountains on its northwest side, and a line almost straight, from Staten
Tsland Sound near Woodbridge, to Trenton, on itssoutheast. It hasthe
northern boundary and the Hudson River on the northeast, and the Dela-
ware on the southwest. The area within these bounds is entirely free from
rocks of an earlier age, and also from any extensive formations of a later
period. The strong and decided red color of the prevailing rock of this
formation, has given name to the whole, and while most names of the
kind have been discarded by geologists, this is so striking and suggestive
that it receives the approval of all.

The precisé age of this formation it has been difficult to settle on aocount
of its containing very few organic remains. It is undoubtedly older than the
cretaceous, for that overlies it at Woodbridge and Perth Amboy. It lies
upon the magnesian limestone at various places along its northwestern
border, for example at Amsterdam, Hunterdon County, as shown in Fig. 47.

Fig. 47.

Magnesicn lmestone.

Iled sandstons.

NEW JERSEY GEOLOGICAL SURVEY




174 TRIABSIC FORMATION,

The stems of plants are found fossil in this rock in the quarries at Newark,
Belleville, Pluckamin, Milford, and probably at many other places. Coal
has been found in seams from an eighth to half an inch thick in several
places. It can be seen in the quarries at Martinville, Somerset County.
Enough was seen at Basking Ridge, and also at Chatham to induce persons
to bore for coal. Near Union Village coal was said to have been found
three or four years since. It has been found mear Spring Mills in Hunter-
don, and also near Pompton, in Passaic County. Oceasional layers of the
rock have been found that were dark-colored and bituminous from the
presence of vegetable matter, cnough so to make the shaly rock give off
combustible gas when heated, and enough, too, to lead sanguine explorers to
bore the rock for oil.  No fossil shells are known to have been found within
the bounds of the state, although they may probably belooked for as they have
been found in the same rock at Pheenixville in Pennsylvania. Fossil fishes

» have been found in the quarries at Pompton ; in the sandstone on the bank of
Rockaway River, below Old Boonton ; in an excavation for coal three or four
miles northeast of Somerville, and in the quarry at Pluckamin. TFootprints
havo been fonnd in the rock near Boonton ; also indistinet ones in the quarry
at Milford, and some very plain ones in the brook at Tumble Station on the
Belvidere and Delaware Railroad.

The plants found evidently belong to orders higher than those of the Car-
boniferous Age. And the footprints are those of air-breathing animals,
probably of the Reptilian Age.

Tuickness or Rock.—The ordinary way of computing the thickness of a
rock formation is to take its dip, and also the breadth of country across
which this dip is continued, and use them as two parts of a right-angled tri-
angle for getting the remaining parts, one of which is the perpendicular
thickness of the rock. The red sandstone has an average dip along the
Delaware River of at least 10° for thirty miles. This would give a thick-
ness of twenty-seven thousand feet for this formation, or more than five
miles. If the mode of computation is accepted the result must be received
as correct. Those who think the strata were once horizontal, and that they
have been thrown into their present inclined positions at some later period,
adopt this conclusion without hesitation. Others who think the strata were
deposited on a slope as we now find them, do not consider the above to be
the true thickness. They suppose that the strata along the southeast border

* were first deposited on this northwest slope; and then that the upper edges
were worn off and the material carried farther northwest to be again depos-
ited and form new strata upon the lower parts of those already deposited.
Without any addition of material there would in this way be & multiplica-
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tion of strata all having the same dip. And such a process could go on
until the formation had widened out to its present extent. Such a mode
of formation would not require that the whole series of strata should be
more than a few hundred or possibly a thousand feet in thickness.

"BouxpAaniEs.—The Triassic Formation is bounded on the northwest by the rocks of
the Highlands and the Magnesian Limestone. From the state line, at Sufferns, this bour-
dary maintaing a general southwest course, along the Ramape Valley to Pompton Fur-
nace; west of Pompton Plains and Montville, near Boonton; on the border of Moriis
Plains; through Morristown; alodﬁ the base of Trowbridge Mountain; through Ber-
nardsville; and along the little valley of Min¢ Brook, to the north branch of the Raritan
River nest Peapack. Aleng this portion of its border the gneiss is frequently seen in the
gouthepst sides of the hills and mountains, The Triassic rocks appear at but a few
points, being very generally concealed by the heavy-drift deposits that cover so much of
the country adjoining the Highlands in Bergen and Morris counties. For a more detailed
sceount of this border of the Triassic Formation, reference muy be liad to the descrip-
tion of the gneiss boundaries as found on pages 44-50. From the north branch of the
Raritun River to the Delaware, the general direction of this northern Triassic boundary
is wost-southwest. Its course between these points is not so straight as that portion just
described, but rather that of an irregularly wuving line. Bweeping around the point of
Mine Mountain it runs west of Peapack to Long Hill, and then follows a somewhat
crooked line by Pottersville. north of New Germantown and Lebanonville to the Central
Railroed west of the Lebanon Station, Bounding a point of gneiss south of the railroad,
it follows around the south end of the blue limestone along Prescott-Brook, and then
runs & northwest course by Allerville to Clinton.  From Clinton it follows very nearly the
Mualhockaway Creek to Patenburg and then the foat of the Musconetcong Mountain, by
Little York and Spring Mills to Gravel Hill. Crossing over the south slope of this Pots-
dam Sandstone outcrop it resumes the southwest direction, through Amsterdam to the
Delnware River at Johnson's Ferry. Along that portion of the border west of Peapack
the outcrops of Triassie, Paleozoic, and Azoic rocks are very frequent. At Peopack
Pottersville, Clinton, Little York, Amstordam snd Johnson's Fetry, the magnesian
Hmestone comes in between the gneiss and the Triassie formation.  Fuller descriptions
of the houndary lines betwecn these limestone outcrops and the Red Sandstone may be
found under their respective heads in Chapter IL, Division II,

The rocks of this formation are nowhere seen in contact with cither the gneiss or the
limestone of this nurthwest border. In the valley of the Ramapo River, about five miles
from Sufferns, a boring three hundred and sixty feet deep, made for oil, passed through
the sandstone and stopped in a talcose gneiss. The boring was about seven hundred
feet from the goeiss ledges. The sandstone was found at a depth of one hundred and
geventeen feet bemeath the surtace, covered by that thickness of earth, gravel and
boulders. It was foand to be one hundred and twenty feet thick, at which point the
taleose rock was entered and penetrated twenty feet, to the bottom of the boring.

Near Amsterdam, Hunterdon County, the shale and limestone are not over forty feet
apart. A section of this locality is given on page 173, )

At many other points on this border, the two formations are separated by very narrow
valleys.

As has already been mentioned, the southeast border of the Triassic formation is nerly
a straight line from the Staten Island Sound, near Woodbridge, to the Delaware River,
near Trenton. Excepting the gneiss at Jersey City and the serpentine at Hoboken, the
Hudson River and New York Bay form the castern limit from the state line to the Kill
Van Kull.  From the Arthue Kill, or Staten Island Sound, the boundary line between
the red shale and the plastic clays runs north of Woodbridge, near Boohamtown, and
along the Mill-Brook to the Raritan River. From this stream it follows up Lawrence
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Brook, through Milltown and Dean’s Pond, to Monmouth Junction, Thence it runs ‘
southbenst of the Straight Turnpike, gradually approachiug it, east of Penn’s Neck, and
through Clarksville, and crossing it at Baker's Basin. Here the Trenton gneiss makes
its appearance. and bounds the red shale along a line that runs from Baker’s Basin, across
the Princeton turnpike, along the Shabakunk Creck, and strikes the Delaware near the
northern limits of the city- of Trenton. This border of the formation presents few
exposures of the clays and slhales in close proximity. The red shale is found under the
white and red clays, n quarter of a mile north of Bonhamtown, in Mundy's clay pits.
South of Woodbridge, and half way to Perth Amboy, the shale is exposed in 8 smooth,
round bill, rising out of the clay beds to a moden\!g elevation above the surrounding
country. The shale i3 nowhere scen very near the Trenton goeiss, although the north-
west dip of the former indicates its position as upon the gneiss,

The length of the southern border line of this formation is seventy-four
miles. That on the northwest is sixty-eight miles. These measurements
are from the Delaware River to the state line. Its greatest breadth is on
the Delaware, where it is over thirty miles across. From Mine Mountain
to the Raritan River, near the mouth of Lawrence Brook, its breadth is
nineteen miles. On the state line, from the Hudson River to Sufferns, it is
fifteen miles. The area embraced within these limits, excluding the bays,
is about one thousand five hundred square miles. Of this about three
hundred and thirty square miles is oceupied by trap rock.

There are also included in this area, three very small outcrops of the
magnesian limestone, near the northern horder, and west of Clinton village.
These have beenr noticed in connection with the Clinton Limestone, in

Chapter II., Division II., of this Report.

Trar Rocks.—Bergen Neck, and Palisade Hountain.—The range of
trap, forming Bergen Hill and Palisade Mountain can be traced from Ber-
gen Point to the state line, and beyond that in New York as far as Haver-
straw, where it leaves the river, and running a westerly course terminate:”
near Ladentown, close to the gneiss of the Highlands. Itslength from the'.
Kill Von' Kull, at Bergen Point, to the terminus at Ladentown is forty-eight
miles, of which twenty-eight miles are in New Jersey.  Tlroughout,this
length the outcrop is unbroken. It varies in breadth from one-half to one
and a half miles, being most contracted on Bergen Neck, near Bergen Point.
At the latter place the rock is but a few feet above mean tide water-mark.

Northward it rises attaining, opposite Hastings, a maximum in the state
of four hundred and eighty-nine fect. The highest point in the range is
south of IHaverstraw, and is known as the High Torn. It is one thousand
and eleven feet above the Hudson River. The east face of the formation is
very steep, in many places precipitons. This is a prominent and character-
istic feature of that portion of it known as the Palisades. The western slope
is quite gentle, corresponding to the dip of the sandstone strata, between
which the trap has flowed out.
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The east boundary, or line of trap outcrop is sharply defined, and easily and accurately
located. Beginning at Bergen Point the line follows the border of the upland and
marsh, near the Central Ruilroad to Centrevitle; thence, skirting the shore, it runs near the
line of the Morris canal, east of New York Bay cemetery, and continuing at the foot of the
rocky biuff, pursnes a north-northeast course west of Jersey City and Hoboken after which
it bends slightly to the east, and below Weehawken, at the coal-yards, strikes 1he shore of
the Hudson, From this point om, the boundary may be said to fullow the river to the
state line, VW herever the rocks are not covered by fullen debris from the blufs, the sand-
stone is seen underlying the trap, generally quite near the base of the mountain, although
in places it is found high up in bank, e g. Bull’s Ferry, also at Closter-Landing. From
the Union Hill road northward the trap boundary keeps west of the river road, as far as
Fort Lee. DBetween the latter place and Edgewater the sandstone, extending from the
river to the sterp and wooded slope of the trap, is about a quarter of a mile in breadth.
From Fort Lee to Sneden’s Landing, the range presents a bold escarpment, with its talus
of hage trap rucks sloping to the river. The uniformity of this mural precipice is Lroken
at iatervals by steep slopes, down two of which ronds come to the river. The talus of
fallen rocks, is quite narrow, and generully wooded. The wall like trap, in somne places,
rises above it to an almost perpendicular height of two hundred, and even two lhunored
anel fifty feet. This gradully lowers towards the state line, and at Speden’s Landing, &
mile beyond, the Palisades proper disappear.
The western boundary of the Bergen Hill and Palisade Mountain trap is much more
indistinct than that on the east side, As the sundstone appears at a few points only on
this slope, or at the foot of 1he range, the line of actual outcrop of the trap is assumed ns
the division line of the two rocks. Beginning at Bergen Point, this has a remarkubly
straight course, coinciding nearly with the Newark Bay shore, and the meadow margin
to English peighborlinod, and then following at the foot of the slope to the state line.
The foundation of the light-house in the Kill at the mouth of Newark Bay is said to be
trap. Thence to the Central Railroad bridge no rock is seen in situ along the Bay sbore. '
From this point to the Motris Canal the trap outcrop is almost continuous, in the form of
low and polished * roches moutornées ™ at the water’s edge, and along the margin of the |
marsh. Crossing the canal, it then runs east of it, slong the Bergen Hill slope, and east 1
of the drift knolls, to the New Jersey Railroad at West-End station. From this point
the line contiaues its nortl-northeast course, across the New Yeork and Eric Railway, at
the weat end of Bergen Turnel; and near the wagon-road, east of the Nonbern Railroad |
to New Durham. Here it is deflected to the east, and passing east of the village, it again
comes to the meadows, and fullows their eastern border to English Neighborhood. At
the foriner village sand knolls cover up the rocks, and the most westerly outerop of trap |
is at least a quarter of a mile from the village. North of New Durham the trap is fre- |
quently seen on the lillside, and the wagon-road is approximately the limit of 1hat rock,
except for half a mile between the corner of the road to Guttenberg and the English
Neighborhood station. Here the trap crops out in the erest of a sort of subordinate
ridge west of the road. This little ridge has a very smooth and regulsr slope towards
the salt-meadow. It may be o seporate outcrop, with sandstone in its ensc fuce, and in
the depression between it and the main Palisade range.  North of English Neighborhood
the line is located as follows : A few rods eastof the village it enters the valley of o small
stream, and runs up it to its source, cast of Samuel E. D Groat’s, keeping at a uniform .
distance from the valley road ; crosses the Fort Lee and Leonia road about one-third of o
mile from the eross-ruads; continuing its course cast of’ Floraville, and n litile west of a
pew road, it skirts the village of Englewood, intersects the Huyler's Landing roud near
a small siream, about one-third of a mile fron: the Northern Ruilroad; fullowing the val-
ley of this stream to Anderson Avenue, it nearly coincides with the latter to the Closter
Landing road; thence, botween drife hills and the regular elope of the Palisade Moun-
tain, it gradually nears the Piermont road {being but a few rods east of J. P. Ferdon's
residence), and at length crosses near the state line, and then goes on, cast of Tuppaan
station to Upper Piermont in New York.
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‘Along nearly the whole length of the western boundary drift-hilts border
the trap, and in p]aces rest upon it. At Englewood the cuts and some of
the wells penetrate & feldspathic sandstone. -A short distance from it, up
the hill, the trap appears. It is only & remnant of the stratum which onte
covered this whole slope, but has been removed, except at this locality, by
denuding forees.

The rock of this traprange is remarkably uniform in character, very
hard, deep-bluish color, and breaks under the hammer equally well in all
directions, making o desirable paving-stone. It is chiefly made of feldspar
and hornblende, in distinet masses, giving it a crystalline aspect. There
are several quarries along the Palisades, where it is blasted off and broken
up for paving material. The huge stone on the slope below the bluffs are
used for dock-filling. Most of the larger stono from many portions of this
slope have been removed and used for that purpose.

Staten Island The trap of Bergen Hill, prolonged to Bergen Point,
reappears on Staten Island, forming a low ridgé, which i5 rhostly covered
by drifs. Tt is seen at the so-called © Granite Quarries,” south of Port
Richmond, and also in the Fresh Kills, on the westérn side of the island,
near Staten Island Sound. In the further extension of this range, small
outcroppings of trap are to be scen in the TRaritan River, at Martin’s Dock,

. below New Branswick, and the same rock is again seen in strong forée in the
ranges of Rocky Hill, Pennington Mountam and Bald-Pate Mountain,
which extend to the Delaware Rlvel ,

Big Snake-Hill, Little Shake-Hill. These two trap hills rive out of
the shlt-theadows, west of Bergen Hill, south of the New York and Erie
Railway, and on the cast side of the Hackensack River. This river washes

| the western base of the larger of these liills, for a distance of -a quarter of
% mile. The hill has its greatest diameter in a northeast ‘and south-
west line. This measures half a mile, the circumference of the polygonal
outerop being shout one-and a half miles. The faces towards the south and
‘sontheast are rocky and precipitous. That towards the West is ‘also ‘qhite
steop. The northeast slope is more gentle, consisting of red shale drift
upon ted €andstone. The shale appears in the bank of the river with a
west-nbrthwest dip ; otherwise the whole hill is trap, covered in mdst places
by a scanty soil or thin beds of earth and gravel. The maximam height
above the adjacent marsh is about two hundred feet. A straggling growth
"of cedars, ‘Wwith a few oak, hickory 'and butternut trees crown this rocky
mound, Tide-water and sait-marsh surround it except on the north, where
a'iiarrow gtrip of swamp, elightly -above high tide mark, connects it with
the low upland of Secaucus, the whole furming a rocky peninsula, with
this bold promontory towards the southwest, g :
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About quarter of a mile southeast of Big Snake-Hill is the small, cir-
cular island of rock, known as Little Snake-IIill. Salt-marsh surrounds it,
making it an upland island in the wet meadows. Its form is that of a trun-
cated cone, whose diameters are one hundred and twenty yards and seventy
yards respectively. Its extreme elevation above the marsh is seventy-eight
feet. The trap of this hill rises abruptly from the marsh on all sides, except
the south, where the slope is very steep. Noshale or other rock than
trap is seen on it, either in situ, or loose, as drift. A few scattering trees
find support in the scanty soil which covers the summit of this rocky knob,
Both of these hills are probably outbursts of trap from hetween the sand-
stone strata, which at this point, have, most likely, a dip towards the north-
west. Their position, back of the Bergen Hill range, is analagous to that
of the trap hills, west of the First and Second Mountains,

The rock of these hills is uniform in character at the different points ex-
amined. It is hard, compact, and of a greyish color.

First and Second Mountains. Prominent in the Triassic district are
the two long and parallel ranges of trap rock, known in Essex County as
the First Mountain and Second. Mountain. The easternmost or outer ridge
we shall eall, for convenionce of description, the First Mountain, while the
inner, paraliel range may be termed Second Mountaim:: The former, rising
at Pluckamin, in Somerset County, has an east- southeast trend, for seven
miles, to the gorge of the Middle Brook, The continuous ridge runs thence
on an epst and northeast course to Millburn, a distance of sixtcen miles,
where the gap between the two ends of the disconnected range is about,
one and a half miles. After an interval of fificen miles there is another
depression, at Paterson, where the Iassaic crosses it. From Millburn to
Paterson its course is a little east of north. Beyond FPaterson the ridge
gradually attains its general height, and curving slightly to the west, termi-
nates near Siccomac. The whole length of this mountain is forty-three
miles. While its general trend is north-northeast, the terminal curves point
to the northwest, towards the Highland.

Besides the two great depressions in it at Millburn and Paterson, there
aro also gaps or notches through which the waters of the valleys lying
between it and the Second  Monntain make their way to the ocean. The
Middle Brook, north of Bound Brook; Stony Brook, near Plainfield ; and
Green Brook, at Scotch Plains, occupy thOaL gaps. East of Little Falls there
is the Notch, where the mountain is considerably depressed. The prominent
and characteristic featurc of this mountain is the great difference between

its inner.and outer slopes. That towards the Second Mountain is gentle,
while that towards the red sandstone country is steep and in many places
preglplt_ous. The former corresponds to the dip of the shale or sandstone
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which forms the base upon which the trap rests, and at nearly all points
trap constitutes the rock of this declivity. The steep outer slope shiows
sandstone or shale at the base and up to the. precipitous bluffs of trap,
covered, however, in places, by the debris from the rocks above. The
breadth of this range is quite uniform, from one to two miles, The height
is also remarkably uniform, rangin;g from three hundred to six hundred and
fifty feet above the level of the sea, Washington Rock, near Plainfield,
being five hundred and eleven feet; Garret Rock, near Paterson, five hundred
and thirty-four feet; and the summit on the Mount Pleasant turnpike, six
hundred and forty-nine feet above the same standard.

Parallel to this First Mountain, is the inner range, known locally as the
Second Mountain. It is separated from the former by a long and narrow
valley, bearing the names of Washington Valley, Vernon Valley, ete. This
range is longer than the First Mountain, being prolonged on the southwest
beyond Pluckamin to Bernardsville. On the northeast its curve is extended
quite to the gneiss of Ramapo Mountain. - As represented on the map, it is
forty-eight miles long. Its breadth also exceeds that of the First Mountain,
averaging two miles, The height of this range or chain is much more
variable than that of the First Mountain, The most considerable depres-
sion is at Little Falls, where the level of the canal is one hundred and
seventy-four feet above mean tide water-mark. The maximum is. reached
in High Mountain, north of Paterson, at an elevation of eight hundred and
sixty-eight feet, Excepting the gap at Little Falls, there are no breaks in
the range, although it is in places much lower than the average altitudes.
The characteristic features of the clopes are very similar to those of the
First Mountain, excepting that the Second Mountain slope is not 5o precip-
itous or abrupt as that of the other range. Trap constitutes the more gentle
declivity on the top of the mountain, and can be traced almost continu-
ously from one end to the other., Heavy bodies of drift conceal much of
the trap on the inner slope. ' -

Both of these mountains are rough and rocky, and consequently most -of
the surface is covered by timber. Much of the trap outerop is too strong to
admit of cultivation, The shale and sandstone outcrop in the valley, and
on the side of the Second Mountain, is mostly cleared and in farms. This
distinetion between this outerop renders the location of their boundary line
very plain.

First Mwntain. The onter boundary line of the trap follows the mountain on its
outer slope, from Pluckamin to Siccomac, passing north of Bound Brook, northwest of
Plainfield anil 8cotch Plains, and west of Millbwn, Orange, Montclnir and Paterson,
More particulatly it may be described as follows: Beginning at the north end, near

. Plnckarmin, it pursues a north coarse across the roar to Middle Brook, near Chamlyer's
Brook, and reérossing it, runs Parallel to said road, on the northeast of it, by the ¢ld
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copper mines, to the point of the mountain near the Middle Brook gorge. Crossing the
stream about & hundred yards south of Chimney Rock, the line curves southerly around
the point of the mountain, by the enpper-mine, and then keeps an east-northeast course,
north of Sebring’s saw-mill, and across the Washington Rock road near an old tannery,
to the Gireen Valley, northwest of Plainfield. Here, in consequeace of the range being
so much lowered, the outcrop is set back slightly. Passing by the copper mines, and
the Green Valley wmills, the line bends around the mountain, and, resuming its previous
course, runs by the road-forks near Plain’s mill, and so to Green Brook, north of Scotch
Plains, or Dunellen. In Union County the same direction is continued at the base of the
steep. slope for two miles. Thence the sandstone outcrop ascemds to the summit of
Springfield Mountain, west of J. R. Clark's and near A, 8. SBayre's.  Afterwards descend-
ing, it runs on the east side of the mountain to its northeast extremity, near the old
Morris turnpike. The gap between this point and the hill near the Millburn depot, is
g0 filled with drift that the rock is seen at two pointy only, sufficient, however, to indi-
cate a connmection across this interval. Crossing this old turnpike near a paper-mill,
and nearly on a line with the road to the Millbura depot, the line of outerop is located
across this depression to the southwest end of the First or Orange Mountain. On,the
easlern side of the latter ridge the dividing line between the two rocks is marked, and
its course is quite direct to Puterson, Everywhere the trap forms the crest and upper
portion of this slope, under which is the sandstone, generally covered by trap delnis,
The top of the sandstone is from one hundred to one hundred and fifty feet below the
top of the mountain. Tle located line marks the base of this steep face, and is at the
sume distance from the top of the mountain. Itis plain on all the rouds crossing the
ridge, e. g. on the old South Orange turnpike, the mountain rond, Mount Pleusant turn-
pike, near Llewellyn Haskell’s (also in the park), in Crane's Gap near Mt. Prospect
Institute, at the Notch, and very distinet at the sandstone quarries south of Paterson.
Here there is an offset in the line onca<ioned by a depressivn in the range of three hun.
dred and sixty feet below the Garret Rock.

The boundary line, following the canal for several rods around the foot of the mountain,
at length crosses it, and runs thence northerly across Stony Roud, to the wuter rourse,
which it follows, enstof the precipitous Morris Hill to the Passaic River, near the uld
gua-mill. Crossing the river the line intersects the Hamburg road on the outskirts of
the city. Thence ita course is northerly, east of the corner of the Haledon and Morris
Mills, or Manchester road, and west of the Wyckoff road to the terminus of this range.
West of Manchester the trap bluffbegins, and increases in height until the summit of this
ridge is attained pear its northwest extremity, which is about one and » half miles west
of Godwinville. The northern end of this trap range is 5o covered with drift that it is
difficult to nccurately fix its position. None has been seen beyond Siccoinse, or the road
running to the valley of the Oldham Creek.  As the ridge here sinks to the general level
of the surrounding red sandstone district, it is most probably the northern extent of this
First Mountain range of trap, It may, however, be connected with the trap hills between
Ramsey's Station and the Ramapo River. The diluvial matter between the two hills
covers all the rock beyond this present known limit.

The western boundary line of the trap of the First Mountain follows the general direc-
tion of the valley included between the First anl Second Mountains. The drift here also
renders the tracing of a geolngical line quite difficult.  But from the known uniformity
of the trap slope, and an cxamination of the surfuce configuration of the country, and o
few points of outerop, the line can be quite accurately fixed and described. Generally it
follows the line of least elevation, or at the bottom of the valley, and this in most cases
at the foot of the First Mountuin slope. Beginning at the northern end of this range,
the Oldham Creek is coincident with this line almost to the pond north of Haledon;
thence, running east of this village, and on the same side of the creck, it meets the
Pissaic River west of the moutl of Oldbam Creek, and follows the river for a mile, to
the Morris Caual, which coustitutes the west boundary of this range to the Little Fulls
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and Notch road. The trap appears at several points along the river, from the mouth of
the creek to the bend in the former, when the line leaves it. Eust of this the First
Mountain is made up of several rocky ndges, separated by narrow vnlltys They can
be well observed south of Paterson. From the Notch road southw ard, thi trap houndary
follows the same general direction as the mountain: crogses the county I'ne, and
then rung a little ‘east of and parallel to Peckmnn ] Brook east of Verona, to
the water-shed of the Vernon Valley, near the Centrevnlle and Ornnge road. Thcnce
down the v.a.l!ey the line i< Incated about o quarter of a mile cast of the brook, as
far as the old South Orange road.  Approaching the strram it at Iength crosseg it, and
intersects r,he Morris and Essex Railroad, ghout three quurters of o mile westof M:llhuru
Along the lme just mentioned, drift knnlls and heds rest upon the Imwr purtlon of the
trap slope, near the crests of the main and subordmate ridges, The rock is frequently
geen. \Tearer Mxllburn the glope is less obscured hy dnft|althnugh west and southwest
of the v1llao'e it hldes all rocks. Leavnnv this break in the range theline pursues & more
weaterly course, about balf u mile GiSt of the Morris and }:.ssex lerond thence down the

valley, east of Blue Bmuk near Feltnile to the county ]me at the Scntch Pluins gap. -

East of the tormer plnce thc sundstnue is seen in the slope of thl.'. muuntam near the trap,
and probably re~tmg upon it. Further down the vnlle-y a c.ulcurcnus rock has been
quarried cloge to the trap. From (hBJuDCtlnn of Blue and Green Brooks, the latter is on
the line of the trap and sandstone for a mile, and the two mcks are seen in contact for
half that distance from the brook junction, Leaving Grq 'en Blook the ling is near the
valley road, on the southeast of it, as fur ag Wn~hmrrtonv1lle, wherett ttrikes Stony Brook
which it follows to the Was‘nngton Rock road. Crossing the Watqr -shed of the Waghing.
ton Valley, the East Branch of Middle Brook is thencc to the Bound Briok gap, the
northern limit of the Frst Mountain trap. Leaving thm stream the 11nc assumes o west
course, and crosses the Martinville and Bound Brnnk road. near a road coner, and
meets the West Branch, where the Marrinville road crosses this stream. With shght.
deviation the West Branch follows the line of the two rocks, on o northwest course to its
source. Leaving this stream the Ine runs down the valley alonrr a small stream, by the
True Vein Copper Mine to the point of the mountain near the leertv Corner and Plucka-
min rosd. Thrnughout Washington Valley there is less drift, and the trap klope of the
First Mountain is sern at frequent intervals down to its foot. The Eust and West
branches of the Mtddlc Brook cut across the rynge. showinga fine ecction of the purt
The red shale and sundstouc also appear at many points.

Sezond Mountain. As in the case of the First Mountain, the trap rocks
occupy the inner crest and inner slope of this range, while the shale and
sandstone form the base on which they rest. The latter rocks occupy the
gentler slope from the bottom of the valley to the base of the trap, which
is from one hundred to two hundred feet below the top of the range,
While the inclination of the sandstone slope is about 5° that of the trap
above it is about 20°, and in somec places it is a]most; vertical, although

there are not such mural walls here as the Palisades or in the First

Mountain. This line of demarcation between the steep and gentle slopes
almost invariably marks the respective limits of the two rocks. The boun-
dary ling between them is therefore of the same general course as that of
the mountain itself, and also parallel throughout with the First Mountain,
The prolongation of the range, at each extremity beyond the ends of the
outer range, makes this mountain longer than the other by five miles. In
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order to a more minute account of this boundary the following particulars
are giveh:

Beginning at the northeast point of the great southwest curve, near Bernardsville, and
about one-third of a mile catt of the road to Liherty Corner, the northwest boundary of
the trap follows the valley of Mine Brook, passing near the distillery, across the Peapack
and Liberty Corner road, and then gradually diverging from the stream goes to the
western extremity of the range, near the North Branch of the Raritan River. Close to
this stream, it changes to o south and south of ecast course, crogsing the road & quarter
of a mile cast of Vanderveer's mills, and intersecting the Pluckomin and Liberty Corner
road near the sandstone quarry. Thence to Martinsvilie, it runs northeast of and nearly
parallel to the Martinsvitle and Plackamin road. At two or three points in this distance
the line is curved towards the mountain, in consequence of depressions in the range.
Along the southwest trend, from Bemardsville to the North Branch, the slope is covered
largely with loo~e materials. Its stegp inclination points to trap as the surface rock of
this portion of the mountain, Red shale crops out along Mine Brook, in the valley be-
Jow this ridge. Near Plucknmin the sandstone is quarried close under the trap. From
Martinsville this boundary takes an east course, opposite the gap of the Middle Brook,
and runs thence a little north of the road to Dock-Watch Hollow, where it makes a de-
tour towards the mountain. Returning sround the point of the hill. it maintains a gen-
eral course of east-northeast-north of Warrensville, by Styles’ saw-mill, and then north-
west of and paraltel to the Feltville road to the county line on the Unionville and Scotch
Pluins road,  Continuing the same general course in Union County, the boundary coin-
cides with the valley rond west of Feltville, and after 2 ghort interval, again with it
for two miles, to the junction of this and the road crossing Springtield Mountain.
It then runs closeto the Morris and Essex Hailroad, and crosses it near the Chatham and
Millburn road. From the Somersct line Lo this point the valley is largely flled with
drift, esprcially towards the north. The Second Mountain presents s great denl of uni-
formity thronghout this distance. The cuts on the Morris and Essex Railroad sliow snme
trap it is rarely seen elsewhere. West of Millburn this boundary is obscured hy the hills
of drift that here sbound, and until the old South CGrange road is renched there is
nothing derisive to indicate its location. It crosses this road a little west of the Hollow
Road, and thence on a northeast course passes West of Verona and geross the Ponipton
Turnpike to Littte Falls. So far the Second Mountain presents a great denl of unifor-
mity—the-trap crest sand steep slope, and below the gentler descent to the valley. The
Javter-is covercd with earth, gravet and boulders to such n extent that the sandstone and
shale cati he Been at only o fow points on the old -Bouth Orange road, at o couple of
quarries out on the Centreville road. At Verona the valley is quite Lroad, and the trap
outcrop is half 2 ile west of 1he village. Northward drift-hills fill the valley. so that
0o shule occurs in place.  The trap appears on the Pompton turnpike, near the end of the
Second Meuntain. At.Little Falts, and below it, along the river the trap is finely ex-
posed in the deep cut worn in it by the water of the streamn. A short distance nostheass
of the village, and-on the west hank of the river, the sandstone crops out with stratified
or bedded trup, in immediate contact, capped by basaltic columns .of the same rock,
NWorth of the Passaic this range slowly rises, and assames ite characteristic moun-
tain features. Crossing the river at Little Falls, the eastern boundary of the trap bor-
ders the left-bank of the river fur about o mile. Leaving the river it has a northeast
course neross the Paterson -and Totows romd; easst of Totown to the Preakness road

o fow rods west of the road-forks, and to the Haledon and Pompton, road, west of

the former village. Here the direction of the ridge changes to the north, and a little
further on to the northwest. This Loundary, fullowing the course of the range, runs
northerly from the Haledon road, and then in s northwest direction, at the foot of High
Mountain, nearly parallel to the Biccomac road, curving around the head of Franklin

NEW JERSEY GEOLOGICAL SURVEY




184 o TRIASSIC. FORMATION.

Lake, acrrss the Preakness and Ponda road, along the road by the Pond Chureb, to the
northwest extremity of this range, near the Ramnpo River. West and northwest of Puter-
son, the crest is serrated by peaks and gaps, the former attaining n considerable height
above the edjacent valley. The roads to Prenkness and Pompton pass through these
depressions in the chain. Northwest of Haledon, High Point attains a beight of eight
bundred and sixty-cight feet above mesn tide water-mark, the loftiest trap outerop in the
statc. Ncarihe southeast base of this hill or mountain, st O'Neil's quarry, the sandstene’
is bandsomely cxhibited with the overlying trap. Bouth of Franklin Lake or Big Pond,
the mountsin is traversed by o decp and narrow ravine or gorge, known s the South
Noteh, where o fine section of the trap is to be seen. The sandstone is s en near the liead
of the luke and on cither side of it, dipping towards the mountain. At an old quarry
on the west side the trap is scen quite near the eandstone. Between the lake und the
Poad Church a heavy bed of sand and gravel abuts agaiost the mountain, end conceal-
ing, except at the above mentioned points, all rock.

The accurate delineation of the inner border of this trap range is made very difficult
by the unusally Iarge amount of drift which nearly everywhere reposes upon the slope,
Southwest of the Morris and Essex Railroad the alluvial beds of the Dead River and Pus-
saic valleys rest upon the foot of this range. Throughout a portion of the range its
stracture is apparently complicated by one or more suliordinate ridges, quite similar to
the nmin or outer one. Since no shale has been found in the narrow valleys between
these double crests, and the trap forms the surfuce material of these hollows or vulleys, it
is not likely that they are scpurate outflows between (he beds of shale or sandstone.
There can scarcely be a doubt that the whole mass included between the lines (now
to e described) is one unbroken body of trap rock. The location of this inner boundary
has been determined by the surface configuration wherever the rocks could not be seen
in place. The materinls of the surfuce, cumposed of drift mostly, avail hut little in this
determination.  With these principles for guidance, the boundury is located as follows :
Beginning at the most northerly point of outerop, the trap skirts the road to Pompton
Furoace for about one mile, along the east side of the pond. The Ramapo river and this
pend, with o fringe of meadow, separate this rock from the gneiss of the Ramapo Moun-
tain. From the rond along the pond the line follows up & valley, on a southeast course,
to the Preakness Valley and Pond's Road, which it crosses mear a small stream, about
three-guarters of a mile north of the Pompton and Paterson road; thence it ranges
along the border of the Preakness Valtey, erossing Pompton and Preakness roads, and
followiny the tributary of the Singac Brook as fur as the Totowa and Mead'’s Basin road,
striking the Passaic River two miles west of Little Falls. About Singac, and nonh of the
river near it, the aliuvial mendows expose no rock of any kind. From the Pas-sic the
line runs south-southwest, near Franklin, Westville, Livingston, west of Summit, and
then in a southwest direction, east of New Providence to the Union County line, near
Union Village. .For three miles south of the Mount Pleasant turnpike Canoe Brook
coincides with the assemed trap limit. North of this, to the county line, the border of the
lowlunds is put down as its extent towards the west, While the rock shows itself fro-
quently near the top of the mountain, it is seen but at very fow points along this des-
cribed line. Deep ravines and wells disclose no fast roek, showing that the fout of this
slope is completely hidden by the enormous beds of northwestern drift. In Somerset
County, from Union Village to the Martinsville and Liberty Corner road, & narrow sirip
of meadow. lies between the Passaic and Dead Rivers and the Second Mountain slope.
This is from a quarter to half a mile broad. Its southern margin determines the limit
of the trap in g northerly direction. The mountain hiere has a double crest, as a reference
to the section on the large map, from Bound Brook to Liberty Corner, will ghow. From
the Martinsville road around to Bernardsviile the boundary is quite obscure, though the
the trap shows itsell frequently. Its location is at the foor of the semi-circalar rarge,
and may be_ described as following the Desd River to Jelliff's saw-nill, then running
northwest to the Pluckamin road, then north to the road through Moggy Hollow, and
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finally, on a northeast course, acrosa the road from Liberty Corner to Bernardsville, to the
starting point, at the head of Harrison’s Brook, about half a mile southeast of the latter
village.

Third Mountain Range. TUnder this head are included the Packanack
Mountain west of Preakness Valley, Towaklow or Hook Mountain, Riker
or Morehouse’s Iill, Long Hill, and the Lills near Basking Ridge. Except-
ing a portion of the ITook Mountain, these several ridges are parallel to the
two outer ranges—the First and Second Mountains. The Packanack and
Hook Mountains are probably connected. Between the others there is no
visible connecting outerop, and as the shale appears in the intervals between
themn, they are probably separate and distinet. They exhibit the same steep
and gentle slopes as the two ranges cast of them, though fewer precipitous
faces are seen, such as characterize the latter, nor arc they so elevated. In
short, all their dimensions are less.

Packanack Mountain. As the rock of this ridge is continued northwest
by Pompton to the end of the hill beyond the Ramapo, we shall describe
it all under that name. Its length is about seven miles, and its breadth
from one-half to three-quarters of a mile. At the dam at Pompton Fur-
nace it is but a hundred yards. On the north, the trend of the ridge is
southenst. The remaining lalf pursnes the are of a circle around to
Mead’s Basin.  Southeast of Pompton Furnace, this range attains its maxi-
mum elevation.  Either way it gradually declines to the general level of the
adjacent country. The Ramapo River, crossing this range at Pompton
Furnace, leaves to the west a rough and rocky hill of trap and conglom-
erate. It lies north of the rond to Pompton Village, and nearly parallel to it,
and is about lalf a mile in length, and very narrow. The trap forms the
crest and west sbope.  On the northeast a hreceia underlies the trap, itself
in turn underlaid by sandstone, both dipping towards the west-southwest.
Southeast of Pompton Furnace the range is broader and higher, and its
northeast face in places abrupt., The range gradually nears the road going
to Paterson, and at the first road-forks the trap crosses it. The north
boundary crosses the same road a little west of Cisco’s hotel. Thence the
narrow ridge curves to the south and afterwards to the southwest, and goes
to Mead’s Basin. In this part of its course the trap forms the crest, and
the western slope is covered by drift. The road running west from the
Preakness church crosses this ridge. West of this hill, beyond a slight
depression, is another ridge, but, apparently, all of drift. Between the
village of Mecad’s Basin and the Pequannock, no rock is found in place.
There is a break in the trap at this point, thongh the short interval between
the two mountaing induces the belief that they are one and the same range
of trap, here covered by allavial heds.
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Towakhow, or Hook Mountain, Rising on the west of the Pequannock
River, at Mead’s Basin, this narrow trap hill sweeps around the bend of the
Pasgaie, with a curve convex to the north, and terminates at Pine Brook,

" where it subsides beneath the alluvial deposits that border the Rockaway
and Passaic rivers.  The length of this semi-circular outerop is about nine
miles. Near Beavertown it is a quarter of a mile in breadth, West of
Horse-Neck it is nearly a mile across. Its lieight varies from fifty to per-
ltaps one hundred and fifty feet above the encompassed Pagsalc valley.
From the meadows, or rather from the road which borders the inner cirele
of the mountain, the ascent is quite steep to the trap walls which constitute
the crest of the ridge. This conforms very nearly to the boundary of the
trap, the latter cropping out a little west and northwest of the road.

From Mead’s Basin, west to the road crossing the range to Montville, the rock outcrop
is quite near theroad. Red shale and sandstone occur at intervals along it and above it.
At T H. Vreeland’s quarry the sandstene is finely exposed, with trap above it, The
slopes of this mountain towards the north and west are quite gentle, corresponding to
the dip of the aandstone which underlies the trap., Southeast of Montville, the crest
is aplit into two sharp ridges. The polished and striated rock is scen at frequent inter-
vals on this declivity. The Morris Canal skirts the trap from Mead’s Busin to the west
point of the ridge, cutting it near the plane west of Beavertown, Leaving the canal,
the trap houndary runs a southwest course, cast of the Montville church, and then
southerly and southeast it follows the line of meadow and upland to the southern
extremity, which is about one hundred and fifty yards south of the Parsippany and Pine
Brook road. Here the rocks and uplands are lost in the flats,

Lviker, or Morehouse’s Hill. The range of trap forming the hill of this
name, and a ridge south of it, extends from the Swinefield road sontherly
about three miles, or nearly to the Columbia turnpike. It rises quite
abruptly from the level of the Hatfield Swamp on the north, and assuming
the characteristic features of these trap ranges, as seen in its long, outerop-
ping crest-ledge, steep casterly slope and gentle inclination west towards.
the Passaic, crosses the Mount Pleasant turnpike east of Squiertown, and
then with less marked characters, declines and disappears under the drift west
of Northfield. It is quite elevated above the Passaic, being nearly two
hundred and fifty feet high. The valley between it and the Second Moun-
tain is not nearly so low as the river on the west.  The trap forms a large
part of the west slope, on the north half of the range.  Southward there is
more drift on it. On the east side shale crops out Ligh up toward the
summit, . .

Long [Iill. This is the longest continuous outerop of trap in this series,
constituting the Third Mountain range. It is a moderately clevated, narrow,
and level-topped ridge, running from Cliatham on a nearly straight south-
west course to Liberty Corner. It is eleven miles long, and varies from one-

~
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guarter to half a mile in breadtl. The trend of the southwest half is slightly
more towards the west than that of the northeast portion.  The trap crops
out on the top and on the northwest slope, while on the steeper eastern tace
the shale ascends nearly to the sunmit, It would seem as if this outburst
of trap was very narrow, forming a thin and rocky deposit upon the red
shale which has thus been protected by this more durable covering against
the dennding agencies. Its average altitude above the Passaie is two hun-
dred feet.

Starting at Chatham, the cast-southeast boundary of the trap pursues acourse nearly
paraliel to, and east of the road, which passes along on the top of the ridge, as far ag
the Mount Vernon schoolhouse. Then, continning this course, it coincides with the road
cast of Meyersville, and follows it quite to Long-Hill postoftice; thenee to Millington it is
very near the road.  The Passaic is crossed about two hundred ysrds north of the latter
village. On a nearly west course the line then runs north of the Liberty Corner road to
Harrison's Brook, about three-quarters of a mile northeast of the village of Liberty Corner,
This stream is the. west limit of the visible outecrop. Beyond it trap appears in some low
knolls, but they do not seem to be connected with this Long-Hill rock. On the north,
near Chatham, the drift borders the Long-Hillslope. Southwest the Great Swamp skirts
the range for several miles, on to the Passale River. West of that the limit of the shale
and trap i3 very indistinctly made out. The Passaic euts across the hill at Millington
Mills, flowing through » decp and narrow gorge, where the rock is exposed on a cross
section. The.red shale is scen north of this gap, near the road-forks and a small stresm
which interscets the Basking Ridge road. From this point the north border follows a
westerly direction to Harrison’s Brook.

Basking Ridge Trap. South of the village ¢f Basking Ridge, trap
outerops in the hill on the road to Liberty Corner and also on the road to
Millington Churel.  This may be a part of the Long-Hill range. The in-
terval between these outerops is low and indicates only shale. Denuding
forces may have swept away the intermediate trap and left this strange and
anomalous hill ; or this may be the end of the range which corves around
from Long Till; eut off, however, by Harrison’s Brook. The latter theory
seems to be the most plausible.  West of Marrison’s Brook the trap extends
almost to the Liberty Corner and Bernardsville road, but none appears west
of that limit. Northward a ledge of it is seen in the brook, east of T.
Holmes’, neat a road leading to Basking Ridge. Fast of this brook, at this
locality, the surface is, for some distance, quite shaly. About a quarter of
a ile northeast of this and near the road, trap again appears in a low
rocky knob on the north side of the road and continues thence to the vil-
lage. The northern limit of its outerop, crossing the village near the Epis-
copal Church, runs southeast on the Millington Mills road for some distance ;
after which, it gradually diverges from it on the west, and at length bends
westerly and crosses the roads to Millington and Liberty Corner; curves
south and then west, and so goes to the point of starting. The hill south
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of the village is rocky, and its east face an abrupt wall of trap for a con-
siderable distance along the road. l

New Vernon and Loantake Trap. South of Morristown are two short
ridges of trap, forming together a semi-cireular hill, with New Vernon
in the inclosed valley., They are separated northwest of Green Village
by a depression, through which the valley is drained by a tributary of the
Pagsaic River. The ridge on the northeast side rises about three-quarters
of a mile south of Morristown, near the foot of Mount Washington, Very
narrow at first, its breadth increases as it is continued southeasterly to-
wards Green Village, where it terminates. The Loantaka Brook flows
along its eastern base for some distance. The other ridge runs from the
brook west of Green Village, across the Basking Ridge to the Primrose
Brook, the valley of which sceparates it from the gneiss of the Trowbridge
Mountain range. This outcrop is narrow at the eastern extremity and
widens westward, Its southern border is south of and parallel to the Green
Village and Pleasantville road. The Great Swamp joins it on the gouth,
nearly to its whole length ; thence, on the southwest, it has Primrose Brook
for its approximate limit, Each of these ridges is characterized by gentler
slopes outward, while that towards the inclosed valley is stecper, except
where the drift has modified it. The shale rises high up on these hiner
slopes, and dips at all observed points toward the ridge or under the trap.
The latter is the outeropping rock on the outer slope, and is seen at fre-
quent intervals. These hills are only of moderate clevation sbove the
level of the outlying country. The muaximum altitude is south of New
Vernon, on the road to Basking Ridge. While the exterior lines of the trap
are distinetly marked by the outerop and the surface contour, the inner
border of the trap is much more diflicult of exact location. The line is
located from a few observed shale outerops as running about the valley, east
of Olmstead’s and Roberts’ mills, and south of New Vernon, near the
brow of the ridge. Its representation upon the geological map shows at a
-glance its relation to geographical points.

Trap of the Ramapo Valley. In Bergen County, west of Ramsey’s
Station, and bordering the Ramapo Valley, are two outerops of the trap
rocks. The southermmost is a broad and eclevated ridge and very rocky.
The valley road passes over the foot of this trap, at the north point of the
hill and also at the southwest, near Yahpo. Opposite the Wynokie road
the trap recedes from the valley, and the ridge is, conseqnently, some dis-
tance cast of it. The road from Wyckoft to the valley is parallel to the
southern point of the trap outerop. The eastern limit is also parallel to a
road which runs northeast and north to the Valley road. The boundaries
of the wedge-shaped trap outcrop arc more particularly delincated by the
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geological map. The relations of the ghale to this trap are uncertain, be-
cause of the mass of gravel, sand and boulders which cover the surrounding
conntry. In the narrow valley of the Ramapo low hills and terraces of
sand, gravel and cobblestones, conceal the rock flooring. Northeast of this
high hill is another narrow outerop of trap, running from the valley roud,
near the Ramsey’s Station road,en a south course for nearly two miles.
This ghows many ledges of rock, in places basaltic in structure. East of
its southern portion is a drift surface. The east slope of the higher hill
a)so shows walls of trap near the brow of gaid hill. On-the south and east
are hills of drift which conceal the rock.

Trap of Lawrence Brook or Dean’s Pond, Ten-male Run Mountain
and Rocky JIill. This range of trap is apparently continuous throughout
the several knobs and elevations above-mentioned, althongh the mass of
drift on the Ten-mile Run rauge is such asto make the absolute demon-
stration of this etatement impossible. The contour of the country is such,
however, as to indicate, very decidedly, the continuity of the trap throughout.
Along Lawrence Brook the outerop does not rise above the ordinary level of
the adjacent country. While the rock is traced westward across the Trenton
Branch of the Camden antl Amboy Railway, and also across the Straight
Turnpike, it is of inconsiderable elevation, until it appears in the Ten-mile
Run Mountain. The latter ridge sweeps around by Rocky Hill and Griggs-
town, and terminates near Ten-mile Run. South of Rocky Hill village,
the rock is connected across the Millstone with that of Rocky Hill.  The
outer slope of this circular range is nowhere very steep or rocky. The
shaly surface ascends nearly to the summit of the mountain, Above, on

_the crest, 1s trap or drift deposits. Trom this erest the inclination towards
the inclosed valley is very slight, nowhere being precipitous or abrupt.
North of Moenmouth Junction the sand hills rise above the trap which bor-
ders them on the south. It would scem as if the trap caused the lodging
of this sand-bed in the walled cove behind this rocky barrier. The ex-
terior or outer line of the trap of this range is accurately traced out. That
on the inside of the semicircle can be laid down only approximately.

Beginning on the south of Lawrence Brook at the Sauth Brunswick sud East Brunswick
Jine at Ireland's Brook, the south boundary of this rock follows up the stream, and guite
near it, by Davidson's mills, Martinsville, and Dean's Pond, and intersects the railroad
abont & mile northeast of Mosmouth Junction. Thence to the straight turnpike its
course is nearly due west.  This portion of the line is only a short distance north of the
Rocky-Hill Railroad. Passing the old straight turnpike the line pursues & mare north-
erly course, across the Ten-mile Run road and the township line, to the Millstone, south
of Rocky Iill. Crossing the trap to the Roeky Hill depot, the line is traced on the west
and northwest face of the mountain, quite near the top, nearly to Simonson’s Brook.
Here the range curves rather sharply around to o southeast course, and the trap is fol-
lowed to its terminus near the village of Ten-mile Run,  East of this near Six-mile Run,
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there is an igolated knob of small extent, where the trap shows itsclf. It is represented
on the Triassic Map. The inner border of the trap crosses the railroad near Cowyard
Run,and then skirts the Sand bills, striking the straight turopike near Schlider's mill ;
thence it runs across the township-line road, near the African M. E. Church, from which
point its course is nearly parallel to the other houndary already described.

West of the Millstone is the range known as Rocky ITi!l, culminating in
Mount Rose, at the height of four hundred and thirteen feet, and termina-
ting as a trap formation west of Ifopewell. Its length is about nine miles.
The trend of the range from the Millstone is west-southwest as far as Mouni
Rose. IHere it changes to a northwest course, which is maintained to the
end of the ridge, a little west of Hopewell.  Neither of the slopes are very
steep, although there is a noticeable difference between them. That
towards the Blawenburg and Hopewell Valley being more gradual than
that on the south of the hill. The outcropping trap is rarely seen except
near the Millstone, about Mount Rose, and south of Hopewell. Loose trap
rocks, and the yellow trap soil is everywhere characteristic of this range.
Bordering the trap on eacl side, and apparently between it and the red shale is
a bluish shale, in places indurated by contact with the igneous rock., The
boundaries of the outerops are located as follows,:

Starting at the Millstone, south of Rocky-ITill Village, the north line follows closely the
Mount Rose road almostte thke village of that name. Then on u north of west course
it runs to the Hopewell road, a fow rods southwest of the village, and so on to the end of
the ridge and rock outcrop, about half a mile west of Hlopewell, Turning about, the
southern boundary runs south of Mount Rose, across the county line near the Lawrence
‘township line, through the little village of Cedar Grove, and on an east course to the
Rocky Hill and Princeton road, beyond which it takes a northenst direction, and strikes
the Millstone about half way etween Rocky Hill and Kingston,

Lennington Mountain. This trap ridge rises ona line connecting Rocky
Hill and Bald-Pate Mountain. Shale crops out between them, thereby
isolating this Lill or mountain. Tt is about two miles long and half a mile
broad. Its southeast face is very steep and rocky. Tt is about twe hundred
fect above the Pleasant Valley which lics south of it. The general divection
of the ridge is northeast and southwest, rising abruptly west of Marshall’s
Corner, and sinking as rapidly near Jacobs’ Creek. A branch of this ereek
flows along its northwest base.  On the southeast the trap boundary corres-
ponds with a line drawn from Marshall’s Corner to the old mill on Jacob’s
Creck, at its southwest terminus.  This southwest portion of the trap is
sometimes known as Round Moeuntain,

Lald-Pate Nountain, Under this name is included the Lroad, and ele-
vated trap-hill, or group of hills lying between Moore’s Creck on the north,
the Ilarbourtown and Trenton road on the east, Fidler’s Creek on the
south, and the Delaware River on the west.  The latter separates this hill
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from a corresponding trap elevation on the Pennsylvania side of the river.
The steep southeast slope and gentler northwest declivity, is also peculiar
to this ridge. On the south almost vertical walls of rock are to be seen.
That facing the river is also abrupt. A narrow terrace horders the rock on
this side, the bed of an older Delaware that washed the rocky foot of this
hill. On the soutl side the shale dips towards the hill, under the trap.
The lieight of this hill above the river is four hundred and fifty feet.

Belle Mountain. North of Bald-pate Mountain is the rocky hill
known as Belle Mountain. Its form is ellipsoidal, having its longer axis
parallel to the canal and the road which cuts into its western slope. A
road running easterly from this river road fixes its northern limit, and a
small brook separates the shale and trap on the east and south.  From the
river road the rock rises nearly perpendicular to a height of one hundred
foet. The other sides are not so abrupt, but they are very steep.  This hill
seems to have no relation either to Goat Hill or Bald-Pate Mountain, and
it is apparently the Iast outerop of a range belonging to Pennsylvania, ent
off by the Delaware River from the main portion of the range. Its cleva-
tion above mean tide water-mark is about three hundred feet.

Sourland Mountain. This is the general name of that long and broad
ridge or table land which extends from near Flagatown, in Somerset County,
to the Delaware River, south of Lambertville. The elevation is continuous
throughout its whole length, and ranges from three hundred to five hundred
feet above the valley on either side. Goat Hill, at the Delaware River,
attains the height of four hundred and ninety-one feet above mean tide level.
.On the northeast, near Fort Hans, the maximum is four hundred and ninety-
five feet above the same mark, The length of this unbroken trap mountain
is about seventeen miles, and its average breadth slightly over two miles.
In structure the range is a broad, level-topped chain or ridge, having a
narrow core of trap flanked on each side by a dark, indurated, argillaceous
ghale, The former occupies the top of the mountain, while the latter con-
stitutes the slopes. This trap, similarly to that at other loealities in the
Triassic Formation, appears between the parallel layers of the shale that’
underlies it on the southeast side, and reposes upon its northwest surface.
The shale appears on both stopes, uniformly dipping towards the northwest
at an angle of about 20° from the horizon. This steeper dip of the shale
gives a character to this range that is peculiar to it. Instead of the trap
forming the northwest side of the mountain, and making the goutheast side
steep and abrupt, the indurated shale rises on both sides nearly to the top
of the mountain, The wall-like escarpment with its sloping talus is want-
ing, and in its place, the hard, altered shale, erops out all the way from the
red shale country below, to the southeastern brow of the range, forming a
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gentle slope on this south side. The slope of the mountain is much less
than the dip of the rocks, hence the absence of the usual features belong-
ing to the trap ridges of the state. The trap outerops are not frequent,
excepting on Goat ITill, although there is a great abundance of the rock in
the formn of huge, rounded masses, imbedded in a reddish and reddish-yellow
clay or earth. This soil on the crest is undoubtedly 6f trap origin. This
surface of loose rock and trappean soil is peculiar to this range, character-
izing it throughout its whole length. The trap in place is scen on Goat
Eill near Lambertville, above Mount Airy, west of Rockmill near the
Somerset County line, and near the northeast terminus, The average
breadth of this helt of trap surface, which is most probably the same as that
of the rock itself, is about half a mile.  The indurated shale which borders
this belt on each side and coustitutes the mountain slopes, extends from the
trap to the base of the monntain, ranging from a gquarter fo half a mile in
breadth.

The boundary of the trap, as determined by the trap surface, and the absence of indu-
rated shales, follows the trend of the mountain, and, generally, the narrow table-land or
plateau that forms its top or sunmit level, The line of shule and trap, as thus located,
may be deacribed s follows: Starting at the northeast point of the mountain rear
Flaggtown, the northern trap boundary pursues o gemeral southiwest course, near the
Neshanic and Rockmill road, nnd ncross it end the other mountain ronds to a point
about half & mile northeast of Snydertown, whence it runs on a curve to the north, ncross
the Flemington road about half n mile north of Rocktown from which point, returning
to its previous southwest dircetion, it continues to the Delaware just south of Lambertville.
The southern boundary is nearly parallel to this one. Beginning at the river about one
mile south of the village, on the sonth of Goat Hill, its course is for flve miles nearly
straight northeast. Then bending northward, the Flemington road is agnin crossed just
south of Rocktown. Thence soutlieasterly, it passes through Snydertown, after which,
resuming its original direction, it passes Ly Thompson’s mills, crosses the county line
near the boundary of Montgomery and Hillsborough townships, passes near Rockinill,

thence east to Fort Hans, and lastly, north to the end of the range at Fiaggtown. TFor
the more minute delineation of these lines, reference may be had to the Triassic map.

Trap novth of the Alexsocken Creek. 'This is an isolated hill, rising to
the height of two hundred feet or more above theriver.  The length of the
outerop along the canal and river is about one mile. The total length, on
a north and south line, is about one and a half miles, This hill has a
gentle hiclination to the northwest, while the face next to the river is rocky
and precipitons, The altered shale is seen on the several sides of this trap
onterop, and with a uniform northwest dip. It is, therefore, a single out- -
burst of the trap between the shals strata.

LPoint Pleasant Trap. At Point Pleasant, along the Belvidere and Dela-
ware Railroad, is another very limited exposure of trap rock between the
very hard, indurated shale, which is seen on either side of it, in the beauti-
ful section there exhibited along the railroad. The extent of the outerop,
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as measured across it, on the roadside, is about two hundred yards. A deep
ravine separates it on the northwest from the indurated shale. The hill
rises quite steeply from the river plain to the height of two hundred and
forty-five feet above tide-water. This outcrop can be traced only about a
mile from the river, beyond which, towards the east, no trap is seen, although
the degree of alteration which the shale has undergone would imply its
existence someswhere in this high table-land. A careful examination of the
rocks as they are exposed along Lackalong Creek, shows only shale highly
indurated.

Pickld's, or Round Valley Mountain. This sharp, elevated trap out-
burst, forms a conspicuous object in the northwestern horizon of a large
district of central New Jersey. Its form is that of a horseshoe, Fweeping
about an ellipsoidal valley, which is completely encircled by it and the

gneiss hills at the west. It is considerably depressed on the southeast,

where the road from Round Valley crosses the ridge, and also south of
Lebanon. It attains a maximum elevation above tide-water of seven hun-
dred and sixty-seven feet. This is on the north portion. South of the
valley it is also very high. This mountain is very rocky, and the trap is
abundant. The ascent from Round Valley is quite steep, althongh there is
no rocky bluff, so commeon to these trap hills. The slopes ontward towards
the red shale country, are more gradual and smoother. The shale does not
appear on cither the interior or exterior slopes. The whole clevation
appears to be trap, although it is very likely correct to say that the shale in
Round Valley dips around from the northwest and southeast axial line,
towards these steep faces, and under the trap.  Thesouthern portion of the
horseshoe has a much greater breadth than that on the north, being nearly
two miles across. The length of the semi-circular sweep of trap is about
seven miles. The line of the shale and trap in Round Valley follows the
foot of the mountain. The outer limit of this trap outerop is very plain on
the north side, but on the south, and along the valley of Prescott Brook,
there is much uncertainty of attaining any accuracy.

It may be described as follows: Beginning on the Clinton road, west of Lebanon, it skirts
the village on the south and crossing the railrond near the Lebanon depot, maintains an
enst-southenst course nearly parailel to the railroad to within one mile of the White House
Station. Hereit curves around to « south-southwest direction and passes west of Serabel-
town, east of a rond going to Stanton, and then turning to the west, runs north of the
latter plnce to the Allervilloroad.  Agnin curving, it fullows the valley of Prescott Brook,
by Hotfman's mills to the west end of Round Valley. The geological map will furnish a
more detailed representation of these lines, and therender is referred to it.

Round Mountain. South of Round Valley Mountain, and also south
of Stanton, is the rocky ridge known as Round Mountain. It is trap rock,

and is somewhat higher than the surrounding country. The rock onterop
25 ‘
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is less in area than that of the hill. The adjoining shale seems to have
been elevated and indurated through the agency of the trap. The longer
diameter of the egg—sl’lapcd hill is about one mile from east to west. The
other diameter is scarcely half as long. The western point of this hill is
near Rowland’s mills, on the South Branch. For the relative position of
the trap boundary see map.

Trap of New Germantown and Silver Hill. Near the gneiss of the
Highlands and west of New Germantown is another semi-circular trap
range, and facing the open semicircle is a round hill of the same rock known
as Silver Hill. Both of these outcrops are bordered on the north and east
by the caleareous conglomerate of the Triassic age. Silver ILll is quite
elevated, and very stony on its top and north side. Tts southern slope is
ghaly. The main ridge west of the village of New Germantown has the
conglomerate on the east along Cold Brook and near the village. This
ridge bends west and crosses the Rockaway at Trimmer’s mills, where its
breadth is only one hundred yards. Its northwest termination is just be-
yond the Potterstown road and the Tewksbury township line. South of
this is red shale. In the valley between this and Silver I1ill the surface is
also shaly, but no shale is seen in place. North and west of these trap out-
crops is the gneiss, separated from it by blue limestone at one point and
probably by the conglomerate also, which, as has already been mentioned,
oceurs east of these hills.
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CHAPTER II.

GEOLOGICATL STRUCTURE.

Tun rocks of this formation are all stratified. Even the trap rocks which
are ordinarily considered to be of igneous origin, lie in beds of even thick-
ness, and conformably between the strata of red sandstone. They differ
remarkably from the stratified Azoic and Paleozoic rocks, in that they are
not folded about anticlinal or synclinal axes, but have all a gentle and uni-
form dip in one direction, which is generally towards the northwest.  Along
the northwest border, and for a short distance from it, there is a stecp dip to
the southeast, and the rocks are much fractured. Near the trap ranges of
the First, Second and Third Mountains, where their direction 1s changed, as
shown on the map, from the usual northeast and southwest course to a
northwest and southeast course, the dip also changes from the northwest
to a northeast or southwest direction. The following table of dips which
have been observed in different parts of the formation gives loealities where
these statements can be verified, and they may help in snggesting a true
explanation of the geology of New Jersey when the red sandstone was de-

posited.
Tabdle of Dips.
DIRECTION, AMOUNT, LOCALITY.
N. 75° W. Gentle. North of Closter-Landing Palisades.
N. 060* W. Gentle, One and a half miles north of Fort Lee Palisades,
N.. 00° W. a0° Fort Lec Palisacdes,
N. 80" W, 15° Bull's Ferry Palisades,
N. W. 30° North of Weehawken Palisades.
N. 60° W. 20° Weehnwken Palisades.
N. 50° W. 20° Palisades.
Westerly. ceer Under the trap, Wechawken Palisades.
W. of North, .... Southeast of Sufferns,
Westerly. Blight. Hohokus, New York and Erie Railway.,
‘Westerly. Gentle. COrane’s Gap, First Mountain.
N. 50° W, 70°-10° Quarry, Llewellyn Park, First Mountain.
N. 50° W, 10° Near entrance to Llewellyn Park, First Mountain,
N. 70° W. Gentle. Mountain Road, First Mountain,
N. 60° W, ceen Southeast of Mountain Road, First Mountain,
N. 50° W. 8° J. Bell's quarry, First Mountain,
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DESCRIPTION.  AMOUNT. LOCATION,

N. 70° W. 10° In a quarry, near M. Condit's Valley, between First and
Second Mountains.

West. Gentle, Vernon Valley.

N. W. 19° Old Quarries, northoast of Little Talls,

N. 50° W, 10° Quarry at Little Falls,

N. W, 10°-20° Ruckaway River, below Boonton.

N. 20° W. 5°-10° J. H, Vreelund's quarry, Hook Mountain.,

N. 50°-60° W. Gentle. Near D, Young's, cast slope of Hook Mountain,

N. 80° W. 16° ' Hartley and Platt's quurry, Paterson.

Westerly. e Pope’s quarry, Paterson,

N. 70°-80° W. Genle. Near the canal, Paterson.

N. 70° W. 7°-10° Quarry owned by the Water Power Company, Paterson,

N. 45° W, 12° Belleville,

N. 20° W. 10° Quarry, at Newark,

N. 70°-80° W.10°-16° Big Snake-Hill, along the Hackensack River.

N. W, e Opening for Copper, Feltville,

N. 30° W, Gentle, Near Feltville.

N, 15° W, 10°-15° Gopper Mine, north of Plainfield.

N. 20° W, Gentle. New Jerwy Copper Mine, north of Plainficld.

N. 30° W, 15° Ambrose Brook, near Samptown,

Nuortherly. oo North of Sehring's Mills,

North. 10° Washington Valley Quarry, north of Plainfield.

N. 20° W. vees Three-qunrters of 4 mile routhwest of above quarry.

N. w. Gentle. Wasdiington Valley, near Stomy Brook.,

N. 70° W, Gentle. Weat of New Vernon, near the gneiss,

N. 30° W, 8° Coontown,

N. 45° W. 10° Along the Riritan River, below New Brunswick,

N. 45° W, 10° Oppnsite Martin’s Dock,

N, 30° W. 13° Below above Station.

N. W 15° Aleng Lawrence Brook,

. 30° W, 15° Sourhenst of R. Carson's.

N. $H° W, 12° Weckoff's quarey, New Brunswiek,

N. 50° W, 30° Milltown.

N. 70° W, 25° North of Lawrence Brook.

Northerly, 13° Provost's guarry.

N. G0° W, 10° Grigg's quarry, along Heatheote's Brook, near Kingston,

N. W. 10° Trenton Turnpike, nesr J. 8. Cruser's.

Northerly. 10°-13° Quarry at Princeton.

N. 60® Ww. 25°-37° Near General Codwallader’s, Trenton,

N. 16° W, 5° New Brunswick, from lock to landing.

N. 20° W. G° New Brunswick, from leck to landing.

N, 22° W. 7° New Brunswick, from lock to landing.

N. 40° W. 13° New Brunswick, from lock to landing,

N. 40° W, 7° One-mile Run.

N. 40° W, 10° Old Quarry, near the Five-mile Lock.

N. 20° W. 5° Near the lock, hetween Bound-Brook and Middie-Brook.

N. 10° W.  35° West of the above locality.

N. 10° W, 5° West of Middle-Brook, along the canal,

N 15° W. 5° Ore mile west of Bound-Brook, along the canal,

N. W, 15° North of Kingston.

N. W 15° North of LRocky-Hill depot.

N.80° W.  18°-20° North of above.

N. W. R Near Griggstown,
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DESCRIPTION. AMOUNT, LOCALITY.

N. 10°-15°W. 20°-30° Near Griggstown, along the canal.

N. 40° W, Gentle, Near grist-mill, Rocky-Hill,

N. 43° W.  20° North of Rocky-Hill, atong the canal.

N. 15° W. . Millstone,

N. 30° W. e Blackwell's Mills,

Ww. 5° Plaiuville to Millstone.

N. 60° W. R 01d quarry, Ten-mile Run,

N. 30° W.  Gentle. South of Rocky-Hull, west of the Millstone,

N. W, R0° South of Rocky-Hill, west of the Millstone.

N, 30° W. 23° East of Mount Rose.

N. 30° W. 25° Between Mount Rose and Hopewell.

N. 50° W, 15° Southeast of Neshanic.

N, 50° W. 20° Along the South Branch, north of Neshanie.

N. W caes Near West's Mills,

N, W. ceee Clover Hill.

N. W, 20° Near Rock-Mill, along Rock Brook, Sourland Mountain,

N. W, 15° Newmarket, Sourland Mountain,

N. W, 15° Rocktown, Sourland Mountain,

N3 W, B Road to Ringocs, Sourland Mountain.

N. 35° W. 25° At Ringoes.

N. W. cean South of Mount Airy, Sourland Mountain,

N. W. Near Moore's Station, B. D. R. R.

N W. 20° South of Goat Hill.

N. W 20° Southenst of Goat Hill.

N, 35° W. 20° Korth of Goat Hill, near Lambertville,

N, W, N Near Fiddler’s Creek, north of Titusville.

N W, 10° 8. 8. Wearts”. north of Hopewelt.

N. 30° W, 25° Burrough's quarry, Ftemington and Pennington roads,

N. 43° W, 13° Rocky-Brook, enst of Sagdertown and Sourlond Mountain.

N, dv0° W, 20° North of Saydertown, Sourland Mountain,

N.W. een Stanton, to the South Branch,

N. of West. Steep. Flemington,

N. W. Gentle. Near Klinesville.

N. 33" W, 15° Waest of Flemington, near J, Wagoner’s.

N. W. cees Along Walnut Brook, west of Flemington. i

West. Steep. South of Copper-Hill Station,

N. 20° W. 15° Clurk's saw-mnill, near Milltown. .

N. 20° W. 15° Along Lackalong Creek, below Milltown,

N, 90° W 10° Near the school house, northeast of Point Pleasant,on the
Larisonville road.

N W, Steep. Near G, &, Krymer's, northeast of Leigh's limestone guarry.

N. 20° W. 50° South of Allerville, corner of the road to Hoffinan's Mills.

Waest. 20° Sydney Mills.

N. 10° W. 30° Half & mile west of Lebanon Station, on railroad.

N. 20° W. 15° North of village of Lebanonville, on road.

West. 20° New Germantown.

West. 65° * Near B, Tine's, along Prescott Brook.

Northerly. 10°-15° Whallace Hill's quarry, north of Trenton.

West of North, 15° 0ld quarry, Trenton.

N. 10°-15° W. 12° J. C. Grant's quarry, Trenton,

N. 20° W, 10°-15° Mes, Moore's quarry, Trenton.,

N. 15° W, 15°-20 J. C. Grant’s quarry, Trenton,

N. 30° W. 10°-15°}; = _Greensburg.
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DESCRIPTION.
W, of north.
N, 35° W,
N. 45 W.
N.45° W,
N. 30° W.
30° W.
w.

w.

15° W.
20° W,
60°-70° W,
45° W,
40° W.
Ww.

35° W,
w.

G0° W.
w.

60° W.
50° E.
20° E.
20° E.
Northerly.
N. 20° E.
N. 50° E,
Northerly.
N.30° E.
N. 40° E.
N. 40° E.
N. 20" E.
N. 20° I,

AU E AR A AR AR AR AR A

Southerly.
E. of South.
8, 25° B,
.8 E.
. 70° E.
. E.

mmin

AMOUNT,
20°

ap°

20°

22°

15°

15°

15°¢

13°

15°

i5°

BD
5°-8°
20°

15°

20°
Gentle.
15°-20°
25° .
40°
Gentle,
15°

13°
Gentle.
Gentle,

50

Gentle.
15°
Gentle,
10°

40

70

40

80

21°

45°

35°

30°

18°

15°

15°

80

25°
Horizontal,

Gentle.
20°

20°

e

LOCALITY.
Near Fiddler'a Creek.
Bridge street, Lambertville,
Brookville, near & mill.
Brookville, at an old quarry.
Near the hotel, Raven Rock,
For one mile aorth of Raven Rock.
Point Pleasant.
North of Point Pleasant.
Ravine, three-quarters of o mile south of Tumble Station,
At the Tumble Station,
Nishisakawick Creek.
Frenchtown to Milford.
Clark’s gquarry, Milford.
Along creek, north of Milford.
Rawling's quarry, Milford.
Northwest of the above quarries,
One mile above Milford.
Two and and o half miles above Milford.
(Breceiated conglowmerate) opposite Johnson's Ferry.
Northeast of New Vernon, near the trap.
Smith and Co's quarry, Millington,
Near the Passaic River, one mile east of Millington,
West of Millington.
Near Martinville.
Near Martinville,
Near the East Branch of Middle Brook.
Eli P. Dow’s gquarry, cast of Pluckamin.
8. Beacli’s quarry, east of Pluckamin.
Near Borker's mills, Mine Brook,
Near Dr. King's, south of Liberty Corner.
Jelliff's Mill, west of Liberty Corner.
Dock-Watch Hollow,
One mile east of SBomerville, railroad cut,
Near Somervilie, railroad cut.
One mile west of Raritan, deep cut.
Near North Branch, railroad cut,
Half a mile southeast of White-house, railroad cut.
One-quarter of o mile northwest of White-house, railrond cut.
West of White-house, railroad cut.
Oune and a half miles west of White-house, railroad cut.
South of White hrouse, railroad cut.
Half a mile east of Lebanon, railroad cut.
East end of Sourland Mountain.
Sheriff Vredenburg, between Somerville and Flaggtown.
Raritan River, south of Sumerville.
Near (. Dikeman’s ?) west of Busking Ridge.
Near the Episcopal Oburch, Basking Ridge.
Northeast of New Vernon. on the road te Morristown.
East of New Vernon, towards Olmstead's mills.
Between Peapack and Liesser Cross-roads,
Near Schomp's mill, north of Lesser Cross-roads.
Nerr Van Derveer's mills, south of Cross-roads.
East of Lesser Cross-roads,
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DESCRIPTION.
E. of South.
5. 10° E.

E. of South.
8, 45° E.

8. 20° E.

S 45°E,
South.

8. 75° W.

8. 60°-70° W,
3. 60°-70° W,
8, 75° W.

8. 70°-80° W.
8 W,

8. 50°-00° W.
8. 50° W.
Westerly.

. 25° W,

. 85° W,

of W.

. 30° W.

of W.

of W.

w.

35° W.

60° W.

20° W.

30° W.

DmpHNERERRRDR

w2

. 30° W,

AMQUKT.
Steep.
15°
15°
10°
Gentle,
10°
10°
10°
10°
20°

Gentle.
i
Gentle,
20°

10°
Gentle,
30°

Quite steep.

LOCALITY,

Near Mine Brook, east of Lesser Cross-roads,

Valley of Mine Brook, near school-house.

R. Heath’s, along Mine Brook, east of school-house.

Half & mile north of Lebanon,

In Round Valley.

One mile east of Perryville,

Hoffman’s conglomerate, one mile northeast of Lebanon,

0'Neil's quarry, north of Paterson.

South of Pompton Furnace.

East of Pompton Furnace.

Ho:ner's quarry, northeast of Pompton Furnace.

Northeast of Horner’s quarry.

Near the Pond chureh,

Near Franklin Luke.

Near Fraoklin Luke, by —— Yeoman's}

(Breccia) at the dam, Pompton Furnace.

New Vernon.,

Mrs. Hiler's quarry (conglomerate), New Germantown.

North of New Germantown,

Flaggtown, Amwell road.

One mile southwest of Basking Ridge.

Along Harrison's Brook, west-southwest of Basking Ridge.

Near Moore's mill, Stony Brook.

At Moore’s mill, Stony Brook. .

South of and near Marghall's Corner.

Melick’s quarry, west-northwest of New Germantown.

Near the school-house, west of N. Rockaway Creek and
New Gernmautown.

On road to Potterstown, west of the N. Rockaway Creck,

In addition to the illustrations to be drawn from the above table, the
reader’s attention is called to the sections upon the map, where these pecu-
liarities of structure are seen as they present themselves:

Seetion 1.
Section 2.
Section 3.
Section 4.
Section §.
Section 6.

Along the Delaware River, from Riegelsville to Trenton.
Along a line from Bloomsbury, by Flemington to Dean’s Pond.
On a line from Long Hill, near Liberty Corner to Bound Brook.
On a line from the Great Swamp, near Myersville, to Plainfield.
Along a section line from Morris Plains to Jersey City.

Along a section from Boonton, through the Great Noteh to

Paszaie.

These all show the same general features, in regard to stratification, dip,
and position of the trap rock. The necessity for making the scale of
heights different from that of distances, gives a distorted appearance to the
whole, the mountains being more than ten times as high as they ought to
De in a true representation, and the dip being greatly increased in amount.
In a comparatively level country, this distortion is necessary in order to
bring out the peculiarities under consideration. A section drawn with a
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scale of equal heights and distances, even in the steepest of our hills, fails
to impress the mind as one of these caricatures does. Take for example
the following section, Fig. 48, across the Palisades, from the Northern Rail-
road to Closter Landing. The scale is
three thousand five hundred and twenty
RoadioTiermont.  fuet to an inch, the dip is 7°, and the hill
four hundred and sixty-three feet above
tide. Thesandstone lies upon the gneiss,
which latter has its outcrop on the east
Drift hilils. side of the IMudson, and the former,
with its ordinary stratified structure,
appears on the west bank of the river,
from the water level to a height of
Andzrson Ave. seventy feet above tide-water. Upon
this, and conformable to its stratification,
lics the trap, which here, as everywhere
clse along the Palisades, forms the bold
and almost perpendicular rock that faces
the river. On top of the Lill, and
towards the northwest, the trap dips
away on the moderate glope, and passes
under red sandstone again.

Northern It R. of N. J,

“PUP £9 pe1ra0d o(vLs e

8% oL

*x20d dus g,

e . This se¢tion presents the succession of

rocks as they are; but it wounld fail to

¥ give an opportunity for exhibiting pecu-

-é Closter Landing. liarities of bedding and structure, which

2 Hudgon Rlver. we get by the common mode of repre-
E sentation,

It will readily be secn that the same
explanation which applies to one of
these seetions would apply to all, and it would only be a series of repetitions
to go into a description of each,

The elevation or projection of the trap ridges above the general surface
of the country must be looked at, not as an outpouring of fluid matter
over the original surface, but as a layer of trap rock, interposed between
two layers of softer sandstone, which, by its superior hardness, has resisted
the action of abrading influences, while the sandstone has been worn away
both in front and on the top of it. An inspection of the sections on the
map will satisfy any one that there has been from two hundred to five hun-
dred fect worn from the upper surface of this Red Sandstone Formation
since its original deposition, and this is as much as the trap hills rise above
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the general level of the country about them. That the sandstone onee laid
on top of the trap rock is proved by finding patches of it in such position
now, in places where it has escaped the tearing force which has moved over
the whole country at some early period. At Englewood, on the Palisade
Mountain, and on the road to Closter Landing, the gandstone can be seen
lying on the west slope of the trap ridge; also on the First Mountain,
opposite Feltville, and on the west slope of Long IIill, near Millington.

The rock is thick or thin-bedded, to some extent, in proportion to its
coarseness, that which is coarsest being the thickest in its beds. At Centre
Bridge, on the Delaware, some of the beds are six feet thick, or more. At
Little Falls quarry, there is a bed from which stone four feet thick have
been taken, and in other parts of the formation equally thick ones can be
found. In other places the rock is thinner-bedded, for example in the flag-
stone quarries at Milford; and in the quarries at Martinville the stone,
though firm and durable, is thin-bedded, layers from one to four inches
thick being very comuon.

The rock has everywhere the usual marks of its sedimentary origin.
Some remarkably fine specimens of ripple marks were seen at the quarry
cast of Schuyler’s Basin, at Pompton.  In the old quarry, near the zame
place, beautiful marks ot running water werc seen on the layers of rock,
also very plain rain drops and mud cracks.

Tt is much brokea up by joints which run direetly across the stratification,
usually in two directions, so that the stone is regularly divided into blocks,
suitable for builders’ nse. Sometimes the joints are open and the rock separ-
ates into fragments, suitable for building, without any force being required ;
in other places, and particularly in the shales, the joints are filled with cal-
carcous spar, and the parts are held firnly together by it. When these are
split open the fractured surfaces arc covered with carbonate of lime, and
arc called silver-fuces. The following are some of the joints which have

leen observed:

Conal Company’s Quarry at Rocky HifL ... 8 40°E, N. 40° E
Quarry near Rocky Hill Station........ vvcvveranois 8 7" E., N. 4 W,
Burroughs’ quarry, Lambertville... ..o v N.10°E, N. 80° B, N, G0° W,
Brookville.....oveurerereinan N N.30°E, N.70°E,
Little Falls. ... veeeinneeasvneaarenens snre or oo 8. T0°W., 8 20° W,
PReol’s CPeeK. o oee cer e earerennsanetasnnnnneonas N. 50° E.,, 8. 50° E.
North of Point Pleasant., ... oveomninircvnne N. 40° E,, 8. 20°E.
South of Tumble Station, three quarters of a mile..... N. 45° B, 8 60°E.
B3 T ) v D S LR N, 15° W, 8. 765° W,
Rawling’s quarry at Milford. . ... ooniiennoien e 8. 80° W., 8. 50°W.
Griggs u B e e 8 50° W, N.45° W,
New Brunswick. ... .o vovvaranne cn ceraienan N. 35° E., N.a0° W.
g TSR RPPRUO N. 45° E, N.60° W,
S. 40° W. N.G0° W.
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No faults have been found anywherein the formation, though careful
search has been made for them in all parts. The nearest approach to one
was in the rock-cutting half a mile southeast of White-Iouse Station. In
this place the appearance was like that of a joint, crossing the railroad
dircetly. From the appearances the fault did not amount to more than
about one foot. No other cage was found which had the slightest appear-
ance of a fault,

The Trap Rocks, it has already been stated, are in beds between the
Iayers of red sandstone. So closely do they resemble the other rocks in
evenness of beds and even in lamination, that a very close examination is
necessary in order to detect the difference. The following section, Fig, 49,
of an exposure of trap rock on the left bank of the Raritan, at Martin’s
Dock, o mile below New Brunswick, shows the characters of the trap, in
dip, in stratification, and position very fairly. The rock, when closely ex-
amined, has a little of the columnar structure, and of course has no appear-
ance of pebbles, sand, or other marks of sedimentary origin:

Fic. 49,

Trap botween layers of enndstone, Martin's dock, 13¢ ilea below New Drunswick.

This stratified appearance is well shown, also, in the trap at Belleville
copper mines, at the copper mines at Green Valley, near Plainfield, and
indeed in the lower portions of almost every considerable exposure of this
rock. 8o strongly marked are these divisional plancs, and so closely do
they reseinble marks of stratification and even lamination, that good ob-
servers are frequently unable to tell which is trap and which is only dis-
colored shale. Fine opportunitics for testing this can be had in the rocks
about the Great Falls of the Passaic, at Paterson, or the Little Falls, five
miles above.

Near the top and where the rock was probably less covered when solidify-
ing, the basaltic form is apparent. Thus, at Morris Mountain, just below
the Passaic Fulls, in Paterson (Fig. 50, opposite), there is a great exposure of
trap overlying sandstone. The lower part of the trap, for a thickness of
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twenty-five feet, iz divided like a stratified rock, and to the casual observer
presents the same gencral appearance as the sandstone and conglomerate
which constitute the lower forty feet of the hill. The upper part of the trap
is entirely different from the lower part it is an excellent specimen of basal-
tic trap, not statified but breaking up into prismatic fragments, which all
stand nearly at right angles to the open surface of the hill. There is twenty-
five feet of this kind of trap. '

T, 50.

Basaltic trap.
Trap.

Red sandstons

an
Conglemerate.

Sketch of Morrie Hill, Paterson.

The same varietics in structure are seen all along the Palisades, from Wee-
hawken to the state line, and they oceupy the samne relations to the under-
lying rock and to the surface. The same can also be seen, at many places,
along the southeastern upper face of the First Mountain.

Other good localities for secing the basaltic structure are in some of the
euts along the Morris and Essex Railroad between Millburn and Sumumit;
in Dock-Watch Hollow, a gorge of Second Mountain, four miles north of
Bound Brook ; and the gorge along Green Brook, north of Scotch Plains.

Basaltic columns, as perfect in form and as large as those of the Giants
Causeway, can be seen in a small quarry on the south bank of Green
Brook, in the township of Caldwell, Essex County, about half a mile up
from Sindle’s Mill. Other columns nearly as perfect are exposed in some
old quarries on the left bank of the PassaicTat the Little Falls. The
columns are pentagonal, with sides of from one to two feet across, and ten
feet in length ; and they rest on two or three feet of stratified trap. They
show also the curved cross-sectional divisions, which are peculiar to the
basaltic rocks.
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A trap-dike is to be seen on the east side of the Delaware and Raritan
Canal near Blackwell’s mills. It is cut across in the end of o low hill of
red sandstone which has been dug away for the canal. The accompanying
Fig. 51, is a tolerably correct representation of it, the scale being forty feet
to an inch” The sandstone dips 9° N. 20° W, and the dike cuts directly
across it eleven feet thick, and with a dip 70° N, E. There has not appa-
rently been any overflow of the trap though it comes fairly to the surface,
and can be traced in the loose stones, across the cultivated fields for half a
mile to the southeast, The sandstone has not been pushed out of place in
the least, the seams of division between the beds being readily identified on
both sides. The sandstone rock also is quite unchanged in color, and the
only change in structure noticed, was a slight tendency to cleave or break
in planes paraliel to the dike, a5 marked on the cut. The trap rock is
fine-grained, dark-colored, and hard ; it readily breaks in fragments which
have a prismatic form, and these prisms are crosswise of the dike, or at right
angles to its surface.

TFra. 51.

SANGATCHE, TAAF, i ) BANDSTONT.
Trap cike in Ned sandstone, near Blackwell's mills,

A dike is also seen crossing the road beyond the Flemington copper mine.
There arc undoubtedly many others, which have not been fairly uncovered.
About two miles southwest of New Brunswick the New Jersey Railroad
cuts ncross trap in the red sandstone, but it is so broken up and penectrated
with earth in every direction, that it is not easy to say whether it is be-
tween the layers or across them. Trap was also cut in the Raritan mine,
three miles sonthwest of New Buunswick, though there is no trace of it on
the surface. And if it were safe to judge of the underlying rock from the
soil on it, many other localities could be peinted out where trap will be
found,

Joints divide the trap as regularly as the sandstone, and in the same way.
The cuts through the trap of Bergen Hill, for the passage of the Now
Jersey and the Erie Railways, show jointed structure as perplexing as that
of the slate formation, where cleavage, joints, and stratification are about
equally distinet:
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8. 70° E., joints near west end of Rew Jersey Railroad cut.
3

N. 200 \V., i " 11 " i
S. 450 E., 11 (13 13 it 113
S. 750 E., 113 i 111 11 1]
8.40° E, w east end K “
8. 50° E., joints near iron bridge in « s

South joints like stratification through the cut, and extending across the Erie Rail-
way, also dip 80° E.

[
g 7;: %]’V }on hill sonth of New Jersey Railroad.

Clefts in the trap rock are seen in many places. They differ from joints
only in the roughness of their surfaces. They are vertical. Some very
large ones can be seen about the Passaic Falls, at Paterson. gndeed the
fall is where an enormous cleft crosses the river from the right to the left
bank. It is open on the right, and contracted on the left. The river falls
into this cleft, runs off to the right, and then passes forward below in a eross
cleft.
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CHAPTER III.

ROCKS.
o

Ix the descriptions thus far the rocks of this formation have been desig
nated as red sandstone and trap rocks ; the former term including all those
which are composed of fragments of other rocks, more or less fine, and
have been deposited from water in regular beds and strata, while the latter
includes all those which are of uniform structure, as if formed by solidify-
ing from a liquid, and have probably been pressed out from the interior
parts of the earth in a fluid or plastic state. Tor more particular descrip-
tion, it is necessary to define the terms we apply to the varieties of rock
foiind in this formation. Under the first we have sandstone, shale and con-
glomerate, and under the sccond basalt and trachyte.

Sandstone. A rock composed of grains of quartzose sand, cemented
together by oxide of iron, carbonate of lime, silica, or other agent, the
sand coustituting the largest part, and it may be of any degrec of fineness,
from one-eighth of an inch in diameter downwards. It may contain frag-
ments of mica, feldspar, or other rock, and may be of any color, white,
drab, yellow, red, purble, blue, green or grey.

Conglomerate, A rock composed of pebbles or fragments of other rocks
is 0 conglomerate. The pebbles may be of quartz, limestone, slate, or other
tock, and they may vary in size from a buck-shot to the boulder of a foot
or more in diameter. The cementing material may be oxide of iron, car-
bonate of lime, or other fine substances, and the color may depend either
upon the paste or on the pebbles.

Shale. Rocks which are nearly destitute of sandy particles, and contain
a great deal of clay; which are tender and split or break with an uneven
fracture, are called shales. They are, frequently, but little harder than
dried clayey mud, and when exposed to the weather soon crumble down
into earth. In this formation they are, in their natural state, of a red color,
and these are by far most abundant. But in the vicinity of the trap rocks
they are much changed, the color passing from a red to purple, dark-blue,
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and black. The hardness in such cases has also increased with the change
of color, till the black is almost as hard as flint, and breaks with a smooth,
conchoidal fracture, like that of mineral. Shales are also seen about New
Brunswick, and other places where a little copper is disseminated through
the rock, which are entirely changed in color without any increase in hard-
ness. The change follows the joints of the rock, or, in some cases, the
“seams in the line of stratification, and the color passes from the red to a
blue or bluish-drab. Dark-colored and black shales are also found in some
places, which owe their color to the presence of bituminous matter. They
are not changed in hardness; frequently considerable vegetable remains ;
fossil fish are found in such ; and when they are heated they give off a gas
which burns with a bright hlaze.

Limestone or caleareous shale las been found to a limited extent in this
formation.

Basalt. Under this name are included the trap rocks which are dark-
colored—have a speeific gravity greater than 2.9—and on their weathered
surfaces are brown or dark grey, and if they have been covered by soil, are
of a dull, carthy, yellowish-brown color. In their fresh fractures they may
be either coarse or fine-grained, crystalline or massive, and though usually
dark-colored, may vary much in shade. When powdered and tried with a
magnet they are found to contain particles of magnetic iron-ore. ’

Trachyte; White or Trachytic Trap. This variety is not near so common
as the basaltic. Its chief localities are about Round Valley Mountain, and
the northern part of Hunterdon County. Rocks of this kind are light-
colored by the weather to a dull, chalky-white, and in or under the soil are,
on their surface, of a yellow-white color. They Lhave a specific gravity of
2.8 or less. They are of various degrees of coarseness, and are rougher to
the touch than the basaltic varieties.

No geographical limits can be assigned to these varieties of sandstone,
shale and conglomerate, as they grade into each other within such limited
arcas as to defy any attempt at o geographical subdivision, The bands of
rock said to extend along the formation from northeast to southwest, and
across the whole state, cannot be found. The only generalizations which
the exploration of the Triassic formation warrants, are in reference to the
position of the coarse conglomerates along the northwest border, and the
granitic or feldspathic churacter of the lower beds, as seen along the Dela-
ware above Trenton, at Princeton, and along the Hudson Rlver under the
trap of the Palisades. Shaleis in greater quantity across the middle of
the formation, in the valleys of the Raritan and its branches. The localities
of trap have been described in general under the article on boundaries
on page 176, and onward.
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Local details of Sandstone. Near the Weehuwken road, along the Pali-
sades, the sandstone is a white, friable masg of quartz and feldspar, the latter
undergoing a gradual degomposition, which causes the rock to disintegrate.
The same characters belong to it as seen near Gruttenburg and Bull’s Ferry.
At Fort Lee the rock varies from reddish to a light-grey——coarse, granular
and modcrately firm. Some shaly beds are interposed between these coarser
layers. North of Pettigrew’s quarries, and above Fort Lec on the river
bank, red shale occurs, alternating with a fine conglomerate and coarse gran-
ular sandstone. The conglomerate consists of greyish quartz fragments and
pebbles, in a red, argillaceous paste. Therock here is very irregular in lam-
ination and bedding. North of this the rock is made up of quartz and feld-
spar, in equal proportions. This is a white, friable rock, and in thick beds.
Nearer the trap the rock becomes darker colored and harder. Onc mile
south of Huyler’'s Landing, in some of the beds, large quartzose pebbles
oceur. In a ravine, about three-quarters of a mile south of Huyler’s Land-
ing, the series of rock varieties is beautifully exposed. The greyish and red
sandstone at the bottom, next the bedded trap, capped by the columnar
varieties of the latter rock, are seen in immediate contact and resting the
one on the other. Feldspathic sandstonc and interposed red shale oceurs
thence to Closter-Landing.  While the latter is in thin beds, the laycrs of
the former are in places seven feet thick. Some conglomerate oceurs with the
gandstone. The pebbles in the latter are generally of the size of a walnut.
The feldspathic variety is mostly made np of quartz, in angular masses,
with some feldspar. This character of the rocks continues to the state line.

On the western slope of the Palisade Mountain the same feldspathie
sandstone occurs at scveral points, resting en the trap, and dipping at a
small angle towards the northwest. This has been found in wells at En-
glewood, east of the railroad, and also in somc low cuttings, at the same
place. It can also be seen on the road between Closter and Closter-Land-
ing, about three-cighths of a mile northwest of the M. E. Church.

East of New Brunswick and near Piscataway, along Mill Brook, the
sandstone is a reddish-brown mass of quartz grains, with a conspicuous
amount of silver mica. At Hamilton’s quarry, near Princeton, the sand-
stonc is mostly of quartz, with a notable per centage of white feldspar.
Along the Shabakunk Creek, north of Trenton, the rock is a feldspathie or
granitic sandstone. Tt consists of quartz, white feldspar and silver mica,
fragments of the Trenton gneiss, the mica in small amount. Along the
foeder, near General Cadwallader’s residence, north of Trenton, the sand-
stone is made up of quartz and a small proportion of feldspar. It isso
friable that it falls to a loosc sand or five gravel, and is used for walks,
roads, &ec. The quartz in it is quite coarse, becoming sometimes a gravel.
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The sandstone, at the large quarries north of Trenton, along the Delaware
River, shows the same feldspathic varieties as we have just deseribed.

Freestone.  This consists almost wholly of sand cemented together by
oxide of iron, or by a silicious paste. The color varics from light-grey
to a dark reddish-brown. Sometimes it is bufl'colored, as at the Washing-
ton Valley quarry, north of Plainfield, or at Hoppock’s quarry near Cen-
tre Bridge. Red is, however, the prevailing color. Very often it is a light-
grey color, occurring in the same quarry with the red. These shades may
beseen at Paterson, Pompton, Little Talls, Llewellyn Park, Newark, Belle-
ville, Pluckamin, Princeton, and in quarries at many other points. The
sandstone varies greatly in texture, ranging from an almost homogeneous
mass of quartz to a fine conglomerate. This gradation in the size of the
quartz constituents is to be seen at most of the large quarries and at many
other points where the rock is well exposed, as along the Hudson, Raritan,
and Delaware Rivers. Sometimes beds occur eontaining here and there in
the granular mass a pebble of quartz, sandstone, shale, or even limestone,
e. g. Popes quarry, near Paterson, Canal Company’s gquarry, at Centre
Bridge, &c.

Far further partienlars, in regard to this valuable niaterial, the reader is
referred to Keonomical (feology, under details of quarries.

Detuils of the Conglomerate. Along the Delaware River, above Mil-
ford, there is o remarkably coarse conglomerate exposed in the high bluff
on the roadside. A red shaly rock alternates with this conglomerate. The
latter is generally in beds, from one to ten feet thick, and with less shale
between them towards the northwest. The dip is 15°-20° N, 60° W, The
conglomerate thins out in certain strata and shale takes its place. Nearly
all of the material in it is silicious. Some of the rounded quartzites in it
are a foot in diameter. There are a few red shale pebbles, and very rarely
one of limestone is seen among them. The matrix is red, and similar to the
material of the alternating layers of shale. The general aspect of the rock
is dull red, in places greyish. This conglomerate is seen along the river for
nearly two miles. It may also be seen in the Nockamixon Cliffs, on the op-
posite side of the river.  How far it may extend back from the river is not
certain, as the top of the table land above shows little rock-in place. The
section or edge of this table land, as scen along the river, is not at right
angles to the strike, but nearly in the same direction with it; hence no
idea of its thickness is to be drawn from this section. Across the strike,
from the most southern exposure of the conglomerate to the Musconetcong
Mountain is only one mile. Its extent is certainly within that distance, and
probably much less. The vertical section along the river exposes a thick-

27
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ness of between two hundred and three hundred feet of conglomerate and
interstratified shales.

West of this and along the river road, south of the Presbyterian Church,
at Johnson’s Ferry, a conglomerate crops out, dipping 40° N. 60° W, It
consists of a red siliceo-argillaceous paste, cementing together angular
and partially rounded pebbles and masses of quartz, gneiss and greyish
limestone. Someo of these imbedded fragments are a foot in diameter. The
rock appears back of the churely, dipping steeply to the southeast, while
close to it on the north is the magnesian limestone, which also dips towards
the southeast. The two rocks are here seen only a few rods apart.  This
conglomerate has shaly members interposed between its thick and irregular
beds, and the same bed is seen to graduate from a coarse conglomerate into
a red shaly sandstone or argillaceous rock. These indicate sudden changes
at the time of their formation.

Near Amsterdam a caleareous conglomerate occurs, near the residence of
Jacob Robbins, on the east of the road to Holland Station. It has been
used for lime, but only to a small cxtent. Its dip appears to be towards
the southenst. Boyond this there is no more of the calcarcous conglome-
rate, though there is an abundance of silicious rocks, which contain some
pebbles of limestone, but not enough to be called caleareous.

At Lattle York some ragged rocks of ealcareous conglomerate ave seen
projecting above the surface.  Their dip is abnost vertical.  They are close
to the foot of the gneiss mountain,

New Germantown and Lebanon. A caleareons conglomerate oceurs near
these villages and occupying a narrow strip of country between the gneiss
and the red shale and sandstone.  That near New Germantown lies west of
Cold Brook, and extends between that stream and a part of the Fox Hill
range, from the village northerly about one and a half iiles to the resi-
denee of H. C. Hoffinan at the road corners. Northward the drift prevents
the farther tracing of this rock. East of Cold Brook the rock is a hard,
flinty, red quartzite.  The conglomerate is made up of blue limestone peb-
bles and slightly rounded masses cemented together Ly a red shaly paste.
It is quarricd on several farms as a source of lime. At an old working,
quite near the village, and east of the road, the dip is 20° towards the west.
Fifty yards south of this a greenish shale appears on the road with the same
dip. Nearer the village the red shale appears. East of the road and north
of a small brook at Mrs. E. Hiler's quarry, the dip is about 20° 8. §5° W,
At another point on the same property, the rock shows a dip of 35° S, 60°
W.  North of this is Robert Craig’s quarry.  The rock here has more red
material in it. The matrix containing the blue and yellowish limestone
pebbles is itself quite calearcous. The dip here is very slight towards

NEW JERSEY GEOLOGICAL SURVEY

b




ROCKS. a1l

the east. Northeast of Craig’s is Hoffman’s quarry, where the rock is
similar in character and position to the last. An analysis of this conglome-
rate representative of the average found in these quarrics yielded twenty-five
per cont. of matter insoluble in acids, and sixty-five per cent. of pure lime-
stone.

Northwest of New Germantown, and west of the conglomerate just des-
cribed, a caleareous rock is quarried, near the North Rockaway Creek, on the
lands of Peter W. Melick. Tt is on the east side of the stream and south
of the road, which runs along the base of the gneiss slope. The rock here
is full of blue limestone, and is not so red as that near New Germantown.
It dips 75° S. 20° W. Tt probably contains less shale and more calearcous
matter.

West-sonthwest of these outerops is the conglomerate north and north-
east of Lebanon.  Whether it is connccted with that at New Germautown
is uncertain. It s seen on several farms east of the Lebanon and Cokes-
burg road, occupying a belt of country about half & mile wide, bordering
the gneiss on the north, and red shale on the south, The rock dips to the
north and northwest, except at Hoffman’s quarry, where it dips gently
towards the south. At Van Sickle’s, and at Ramsey’s quarries, the dip
is about 10° towards the notthwest. Near Geo. E. Apgar’s the rock dips
also to the northwest. Northeast of the latter place, and between it and
the limestone of Melick’s quarry, it is said that a conglomerate limestone
was found in digging a well. This would, if true, seem to show a connee-
tion between the two outerops. North of Lebanon, and west of the road to
Cokesburg, limestone is guarried on the farns of G. D. Winter and W.
Creger. It probably belongs to this conglomerate.

Northeast of Pottersville, near the border of the gneiss, there is ahill con-
taining a calcareo-silicions conglomerate. The hLill is about half a mile
long and perhaps one hundred feet ligh. On the surface tho rock is
cellular or amygdaloidal, owing to the calcarcous matter dissolving out and
leaving the cavities in it. On the west-northwest is a limestone that has
been quarried. It is probably this conglomerate.

Along the Rockaway River, a mils east of Boonton, and also on the side
liill rising west from the stream, the conglomerate is exposed. Itisgreyish
ir. color, and is made up of earth, sand, gravel, stones and boulders, mostly
from the neighboring Azoic rock, and scarcely changed in color or appear-
ance, though firmly cemented together.

« At Montville, at the roadside, near the inclined plane on the Morris
Canal, again oceurs & conglomerate, consisting of alternate coarse ahd fine
layers, dipping at an angle of 10° to the northwest. It is composed chiefly
of quartz, flesh-colored, compact feldspar, possessing a vitrcous lustre, granu-
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lite, of a rather fine texture, granite, gneiss, syenite, dark-groy quartz, trap
(melaphyre), ete. These grains and pebbles vary in size, from that of a pin-
head to more than an inch in diameter; they are cemented by oxide of
iron,’#*

At Pompton, on the bank of Ringwood River, near the buildings of the
late Peter M. Ryerson, the conglomerate is exposed. It is calcarcous in
some of its layers, while others are very shaly. The fragments in the con-
glomerate range from the smallest size to large stones and boulders. On
the roadside, near the mill-dam, is another exposure of this rock. The dip
is nearly west, and at an angle of 10° or 12°. The pebbles and stones in it
are of limestone, quartz and trap, Some of the limestone boulders would
weigh one hundred pounds or more.

LDetails of Shale. This rock is found so extensively in the formation that
it will not be necessary to give localities in detail ; but only refer to places
where the characters given can be verificd. The most perfect specimens
of this rock can be found at New Brunswick, and in its vieinity. They are
red, almost frec from grittiness, soft, break easily and with an uneven frac-
ture, do not split on the stratification easily, and cannot well be dressed into
shape for building. It is so tender that it can readily be torn up by a
plow and a strong team. This is best done by driving across the strike
and in the direction of the dip, so as to meet the rising layers of the rock.
The large flakes of rock torn up in this way, look as solid and unchangable
as building-stone, but after exposure to the sun, air and rain for a fow days,
they crumble down into swall fragments and after a year or two have be-
come entirely changed into earth. This change takes place much faster by
cxposing the surface of siratification, than it docs when the edges are ex-
posed. Stone quarried from this rock and at once built into walls where
only the edges were exposed, have stood well for a hundred years, aud the
same stone taken out of the old walls and left exposed in a pile for a few
weeks have crumbled to picces.

Specimens of shale of this kind can be seen in any part of the red sand-
stone region.  Even where the firm building stone is most abundant, shale
will be found in thin lamina between the beds of rock ; and beds of shale
are also very commonly found between beds of sandstone or conglomerate.
Tt is unnecessary to load this report with details of a substance which can
hardly be missed anywhere. It may be remarked that ghale forms a clayey
80il; being in that respect unlike the sandstone which forms a sandy soil.

The‘ﬂh:ﬂe appears to have been much more affected in guality, by its
contiguity to the trap rocks, than the sandstone has under like circum-
stances. Thus, along the Sourland Mountain the shale is changed to a dark

* Dr. Kitchell's Report.
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purple, bluish, and in some places a black color—so hard that when struck
with a hammer it rings; and it breaks with a smooth, conchoidal fracture,
or sometimes with a splintery surface. This rock decomposes with more
slowness than the unchanged shale. At Goat Hill, the western end of the
mountain, in and near Lambertville, the changes of the shale can be seen
better, probably, than anywhere else in the state. Prof Rogers thus
describes them : “ Along the northwestern base of this ridge, on both sides
of the river, the strata dip as usual, but are affected in a striking manner
in their structure and composition for at least a fourth of a mile from the
trap. In the quarry northeast of Lambertsville, we discover the commence-
ment of the change. There the red sandstone, varying but little from its
ordinary color, and being only rather more compact, containg a multitude
of the large spheroidal nodules of pure green epidote, many of which are at
least aninch in diameter. They scem not to be distributed promiscuously
through the rock, but to be arranged somewhat in layers, parallel to the
planes of the strata, though they are often several inches asunder. Two or
three hundred feet nearer to the trap, we find the rock darker and harder,
and the number of nodules greatly augmented, though they are generally
of much smaller size. The common color of the rock is here a very dull
purplish-blue, and that of the included nodules a dull black or deep blue.
They are of all sizes, from a minute speck to the dimensions of a large
hazel-nut, and possess every shade of distinctness contrasted with the
material inclosing them. They seem to consist of some imperfectly formed
mineral, apparently tourmaline, in a semi-crystailine state. These spherical
nodules or specks are oftentimes smrounded by a erust or coating of another
material, usually nearly white ; and I have remarked that the more obviously
formed this crust appears, the more erystalline or fully developed is the
interior kernel, which, at this epot, seemns to approximate in its features to
black schorl or tourmaline. A few hundred feet nearer to the trap, or
alinost at its base, the rock presents a still different aspect, being of a dark
gray hue, and somewhat coarse-grained. It seems to have been a sandstone,
containing little or no clay, as it has nothing at all of the baked jaspery
texture of that previously described, which has plainly been either a shale
or a very argillaceous sandstone. This gmjr rock is speckled with innumer
able small crystals of very regularly formed fourmalines, some of which
are more than half an inch in diameter.””*

There is a band of altered shale extending from near Davidson’s mills,
on Lawrence Brook, for a long distance down the stream ; and indeed the
same rock is met in the bottom of the Raritan below the mouth of the

* Rogers’ Final Report on the Geology of the State of New Jeraey, pages 1554,
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brook. It is a black, hard, and flinty slate, whicl, in qlinrr_yhlg, breaks up
into blocks approaching a rhombohedral form, A rock of like character is
seen near the Millstone River, south of Rocky Ilill, and underlying the
trap. Further down the stream, towards Griggstown, altered shale is scen
Iying on the trap. This has more the appearance of that at Goat Iill,
described by Rogers. It is not so black or flinty as that under the trap,
and the vodular masses of radiated crystals, though very abundant in the
rock, are not so large or so perfectly formed as those at Goat Iill.  The
erystals appear like hornblende.

Along the Delaware River, from Point Pleasant Station up to Tumble
Station, two and a half miles, a bank of altered shale is exposed for a
height of from onc hundred to one hundred and fifty feet. The rock is
dark-colored, very hard, brittle, and gives a ringing sound when struck.
The same quality of altered shale is finely exposed in the banks of Locka-
tong Creek, from Milltown two miles down. Shale similar to that seen at
these two localities also underlies the elevated and flat district in IHunter-
don County which is known as the Swamp.

Limestone.  An impure limestone occurs at a few places in the Red
Sandstone district, interstratified with the shales and sandstones. Oune of
thesc localities is about half a mile southwest of Feltville, in the narrow
valley between the First and Second Mountains, It was said to have been
found along a ravine southenast of the Blue Brook in a layer two feet
thick. '

The analysis of some loose pieces picked up mnear the site of the lime-
kiln there yiclded the following result : ‘

Insoluble matter. ... ... uen ottt it e e 206.20
Alumina and Peroxide of 1rom. oo vvvn i isen i e e 5.10
Carbonate of 1Ime. ... vuriine et it st aeecnsnasseannennen 65,12
Carbonate of magnesia. ... ... cooevei it viir it i, 3.81

B3 100.23

It is a greyish-blue, fine-grained {homogeneous), and hard, compact stone,
slightly resembling some of the altered shales of this formation.

About one and a half miles southwest of this point, in the same valley,
there is an old kiln where it is said lime was made from stone obtained
near the kiln.  The pieces found here scemed to be more silicions than
that deseribed above. .

In the same valley, about halt way between Martinsville and Pluckamin,
limestone has been found on the farms of J. MeBride and Dr. S. K. Mar-
tin. It was found on the former, in digging for coal, about five feet under
the surface. The stone was found to be three or four feet thick., It was
burned at Peapack and yielded about fifty bushels of lime. On Dr. Mar-
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tin’s farm a thin scam of this stone wag found in the shale, and was also
burned into lime. North of Lambertsville limestone 13 said to have been
found in the river, and also in a ravine on the side of the road by R.
Holcombe’s. This is opposite the New Hope limestone which comes to the
river, and there disappears. A carcful examination of the locality in
quostion revealed no indications of any limestone, and hardly any possi-
bility of its existence on the New Jersey side of the river.

These are all the localities known at present where limestone exists,
excepting as it oceurs in imbedded masses in other rock, forming con-
glomerates which are more or less calearcous. These are described under
their respective heads.

Trap Rocks. The trap rocks differ somewhat in composition, but their
greatest difference is in structure, This difference in structure is due to
circmunstances attending their change from a liquid to a solid form. If the
process was rapid and not under much pressure, they would be more or less
cellular. Tf rapid and under pressure they would be solid but compact,
or fine-grained. If they cooled mostly from one surface, their structure
would be prismatic and at vight-angles to the cooling surface. On the contrary
if the solidification was slow and under pressure, the rock would be solid and
crystalline; more perfectly so in proportion as the process was slower.
These circumstances have had their effect upon our Trap Rocks; and it is
possible to get specimens of all the characters mentioned from different
parts of the same mountain ridge. Instead then of giving any deseription
of the varieties of rock found in the different out-crops of traps, the follow-
ing scries of analyses of specimens from different ridges is presented.

Analyses of Llocks from Bevgen Ilill, Rocky Hill, and Goat ITill.*

1 2 3 4 5

Bilica..... PR 1 X 46.9 50.0 52.1 51.4
Protoxide of iron......... 7.8 19.2 6.1 127 12,2
Alumina,,....... eawaraan 17.1 13.1 3.7 16.7 18.3
Magnesin,....... e 10.1 2.4 42 3.2 53
Time, ..ot veeneinnerenean, 7.8 8.3 6.5 10.8 8.0
Soda.......cvvvnunen eee. o 13 5.2 44 2.3 11
Potash.................... 0.9 1.0 1.7 0.8 0.9
Water.. . .oiiiiiei i e 1.9 4.0 34 14 1.9
Sulphuric acid.,........... ... 0.4 .
Carbonic acid, .. ........ cee . 1.3

Total..ovvvvevennanin. 99.5 101.0 100.7 100.0 00.2

% Tn these analyses, the pulverized rock has been fused with earbonate of seda for {lie deterinina-
tion of the silien, lime, magnesi, atumina and oxide of iron; the oxide of iron is cstimated by /
volumectric anatyscs; another portion was fused with caustic faryta for the determination of the J
aikalies; magnesia was scparated by phosplote of ammonia, and the potash determined by
chlor, platioum; and the soda by weighing the atkalies and deducting the potash,
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Specimens 1, 2, and 3 are from the Bric Railway tunnel in Bergen Hill,

1. This is a grey rock, with a bluish tinge of color, and forms'the greater portion of
the hill.  The rock is hard, durable, of & very uniform grain, and is readily broken into
regular blocks, The blocks for the Ituss pavement arc of this rock. Tt is composed of
hornblende and feidspar. Its specific gravity is 2.04.

2. A grey rock with a brownish tinge of color. This variety makes up the whole of
the west end of the tunnel. It contains the same minecrals as the other rock, but the
hornblende is in larger proportion. Ttis scarcely as lard as 1, but it is tougher, and »
little heavier. Tt does not break under the hammer with any regularity, and is worth-
less for dressing. This stone turns brown on exposure to the air, but is slmost

// n i}(destructible by ordinary atmospheric agencies. It specific gravity is 2.96.

3. Asoft rock of a greenish-grey color, of a waxy lustre, a soapy feel, and of the
gencral appearance of steatite or soapstone. It is soft and crumbling, and in the mass
scems made up of small fragments which separate from each other by the slightest force,
It is much lighter than the other varieties, having a specific gravity of 2.062. Tt closely
resembles in character and composition the rock known as pyrophyllite. The most
noted of the localities of this rock i§ what is called the ® hig pocket,” in which the
rock crumbled away, and finally fcll in quite from the surface, a height of nearly sixty
feet, and for a distance of about forty feet along the tunnel.

4. This is a specimen of the Rocky Hill Trap. It is very hard and tough; dark
yellowish-grey in color; erystalline in structure; weathers to a light grey-color. Its
specific gravity is 2.94,

5. From Goat Hill, south of Lambertville, very coarsely erystalline; dark-grey color:
composed of feldspar and hornblende, the latter in long, flat crystals, Its specific gravity
is 2.05. It weathers to a dark color,

Analyses of Rocks from various small exposwres of trap.

1 2 3 ¢
Billea...ovir oo 45.8 50.4 50.6 63,4
Protoxide of iron...... .. ....... 10.8 15.4 13.0 13.0
Aluminag. ... .. ... . i 20.4 16.6 12.5 11.2
Magnesin .... .., D, 7.2 4.9 7.2 6.9
Lime . ... i 9.5 7.1 11.1 6.6
Boda . e 2.2 1.4 1.5 2.3
Potash ........cco.vvininnnn., 1.1 2,0 0.7 1.3
Water ... e 2.6 1.8 1.6 4.8

Carbonic acid. ................. ., e e
Total. ... ..oy, 99,6 98.6 08.2 99.5

1. A specimen from Martin's Dock, on the bank of the Raritan, below New Bruns-
wiek, Therock is fine-grained, solid and hard, dark-blue or almost Mack, tough, wen-
thers yellow-brown. - Specific gravity 2. 75,

2. From the hill along the Delaware, north of the Alexsocken Creck. This rock is crys-
talline, dark-grey in color, and is composed of feldspar and hornblende, the latter pre-
dominating. Weathered surface is & rusty brown.color. TIts specific gravity is 2,94,

3. Trap rock from Point Pleasant, on the Delaware River ; very fine-grained, light-grey
color, resembling some varieties of magnesian limestone ; smooth fracture, weathered sur-
face slightly changed in color. Specific gravity is 3.02, ‘

4. Trap from hill northwest of Flemington, This specimen was from the surface, It

AY
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was much weathered and presents the general appearance of 4 magnesian rock, being
comparatively soft und breaking easily. Its fracture is rough and dull. The weathered
surfuces are rusty-brown. Though crystalline, the separate minerals are not conspicuous
Specific gravity ¢.83.

Analyses of Rock from Trap-dykes.

1 2

1 et iae e 50.4 50.6
Protoxide of fron................ ... . . i 12.5 12.2
Alumina ... .. ... ..o ... e . 15.8 14.9
Magnesia........., ... et e e 6.0 6.0
Lime..... .. et e 11,2 11.1
Boda ..o 1.1 1.9
Potash . ... ... 0.9 06
Water o e 2.7 2.9

Total ............... b ieiate beraeenans . 100 .4 100.2

1. Trap rock from the dyke at Blackwell's mills, en the Millstone River, o very hard,
dense and homogeneous rock. It'is dark bluish-black in color, weathers to a rusty-
brown, though it is but little changed. The fracture is smooth and hright. Its specific
gravity is 2.96,

2. Trap rock from a dyke crossing the road just west of Flemington : almost identical
with the last. Its specific gravity is 2.84.

Analysis of Trap Rock from Lligh Mowntain.

BiHen .o e e teriie teeeaeeaa 51.8
Protoxide of fron........ ... ... ... . 12.9
Alumina oo 15.7
Magnesia..........oooiiiii s e 5.5
Time ............., e e e e e e e 9.8
Boda ............. e e e e e e 1.4
o 0.3
Water ... 2.8

Total. ..o 100.2

Thisis a peenliar specimen from the summit of the mountain, It has the appearance
of a garnetiferous syenite. Tts specific gravity is 2,94,

Analyses of specimens from the Third Mowntain.

1 2 3
Silica......... ... ... e e i 60.5 49.3 49.0
Protoxide of iron ....... ... . ... ... .. . .13.9 16.7 21.2
Alumina........ ... Ceee 19.9 13.7 9.6
Magnesia ... ... ... . 5.7 3.5 4.9
Lime......... oo 6.8 4.5 9.0
Soda.......o.ooii 1.5 2.8 2.2
Potash ...........o..... .. . e 0.4 0.2 0.8
CWater.ooo o 3.4 3.8 3.5
Total.......... Pt e iiaeeaaaaa, 101.4 99.5 160.2
1. Trap rock from the west slope of Towakhow or Hook Mouatain, This specimen is
28
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of & dark greenish-grey color, and contains numerous small crystals, of n dead white aspect.
Tt fractare is rough, and it is somewhat greasy to the feel. Its density is 2,92,

2, Trap rock from the south end of Hook Mountain. It is s dark-colored dense, and
semi-crystalline basalt, rough in fracture and rather dull on the surface. It weathers to &
rusty, light-brown cotor. Specific gravity 2.93.

3. Trap trom Long Hill. This is almost identical with the last. Bpceific gra-
vity 2.04,

Trap Rock from Round Valley Mountain, southeast of Lebanon.

L T W O A 63.1
Protoxide of Ir0D. ..ot v ciriiiie trvs avanseaasraas meiiaaas 7.3
T T e S 16.7
B Y LT S R AR R ..o 1.2
Lime..o.cvnenn R R 5.2
Soda........ R AR R 3.1
POLASH taee sone vevnsnnsnsassmnes sinreaaneraaes sremirannos 0.4
B R 7t D R 2.1

LT 1Y R R I 09,1

This is a specimen of trachytic rock. It weathers almost white. It is coarsely crys-
talline, feldspar predominating. Tn its fracture and general appearance it resembles
syenitic granite. Its fractured and weathered surfaces are rough. Its specific gravity is
2.74

Trap Rock from Jelliff’s saw-mill, west of Liberty Corner, Somerset

County.

Silica ......c0 s R R LR T 36.3
Protoxide of Ir0m .. ve v it ieie i eanaeecram st aamas 8.1
ALUIN® c s oot veininaaniaaiaas o e e mieieae eaeseraareeans 10.4
Magnesin ... ooovver variinr aian ceeaieiia e G.8
| TRT e S L AR NI 12.3
e T L YA e R R TR R 3.1
POLUSH © ot ve e ces eweaeee e aaaeramee et a e 0.6
Carbonic acid ... vit i e it e s crararaa e R . 7
R L O R R 9.2

Total oo e innaracmemeii i e it 099.9

This rock is remarkable for the large percentages of water and carbonic acid in it.
1t is o dark elive-green rock, homogeneous in structure and quite soft. Its fracture is
rough and irregular.  Its specific gravity is 2.36.

Miszrars.—Copper has been found in the red sandstone of New Jersey
from the earlicst settlement of the country, and mines were opencd at
Belleville, New Brunswick, and some other places before the revolution.
The following notices of the « Minerals fonnd in the vieinity of New Bruns-
wick, and the copper ores of the State generally,” were prepared by the
late Professor Lowis C. Beck, of Rutgers’ College, and published in Silli-
man’s Journal, Vol. 36, p. 107 :

« Although many of the ores of copper are found quite abundantly in
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varions parts of the State of New Jersey, and extensive mining operations
evince the high expeetations which have been entertained of their value,
I am not aware that any detailed description of them has been published.
A Dbrief and general acconnt of them 1s given in Gordon’s Gazetteer of New
Jersey, and in Professor H. T). Rogers’ report of the geological survey of
that State, made in 1836 ; and some of them are also noticed in the general
mineralogical works. Having been cngaged at intervals, for some time
past, in stndying the minerals found in the vicinity of New Brunswick, and
the copper ores of the State generally,T propose to give the results of my
observations and analyses. I offer them, however, as mere notices, and not
as a complete account of these minerals,

“ Native Copper. Small picces of this metal have been found on the sur-
face of the gronnd in various parts of New Jersey. Inthe vicinity of Somer-
ville, specimens weighing from five to ten pounds, have been obtained. The
largest mass which has, to my knowledge, been found in New Jersey, is now
in the possession of James C. Van Dyke, Esq., of New Brunswick. Its weight
is seventy-eight pounds ; but a large piece has been detached, and it is said
to have weighed when first obtained, one hundred and twenty-eight pounds. |
It was plowed up by a farmer near Somerville. On examining this speci-
men pure metallic copper is visible in various parts, but with it is mixed the
lead grey oxide, and it is generally incrusted with the green carbonate of
copper. There is also associated with these ores an carthy red oxide in the
form of a thin crust, and the cavities, which have been formed by the partial
decomposition which has taken place on the surface, sometimes contain small
quartz crystals. The specific gravity of one of the purest masses of native
copper, taken with considerable care, was 7.842; but in consequence of
the variable proportions of the oxide of copper which they contain, scarcely
any two specimens give the same results. In three specimens the specific
gravity ranged from 7.553 to 7.842.

“ A small mass of the purest native copper that I could obtain was treated
with nitrie acid. It weighed 14.80 grains, and was entirely dissolved by
that agent, with the exception of a fow minute particles, probably silica,
The solution was treated with caustic potash, and boiled. The black oxide
of copper thus obtained, when carefully washed to separate the potash and
ignited, weighed 17.95 grains, so that there can be no doubt of the mass
having been pure copper.  Similar sofutions of this mineral were tested for
the purpose of ascertaining whether any other metals were combined with
the copper, but none were detected.

“ The occurrence of the detached masses of native copper above noticed
is not, however, so interesting as the vein or sheet of this metal which is
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found in the city of New Brunswick. About fifty rods nearly east of Rut-
gers’ College, a thin vein of this kind crosses the red shale, which is here the
prevailing rock. It sometimes adheres so closely to the rock as to be with
diffienlty separated from it. The thickness of the vein is froin one-sixteenth
to one-cighth of an inch ; in regard to its extent, no certain information can
be obtained. It has, however, been traced for several rods ; and I have been
informed that, previous to the American Revolution, mining operations
were carried on here, and that a shaft was sunk which extended for a con-
siderable distance under the bed of the river. The specimens from this
locality which I have seen, resemble the copper of cementation. They are
all malleable; but some arc much more so than others, Sometimes a thin
plate of the metal passes threugh the centre, which is incrusted on both
sides with the oxide and carbonate, and « little adhering silica; while at
others, the metalic plate is on the outside.  An average speeimen was sub-

Jected to analysis, and gave the following results : .
L0 2 1 U . | ;1
Siliea...........oiiiini ol et aarisaer e eerean e 2.55
Carbonic acid and oxygen. .. ... iiiiiin cin ceeaias 1115

L 100.00

Or metallic copper about 70., and oxide and carbonate 27.50, in one hundred
parts.

“Red Oxide of Copper. T have specimens of this mineral from the Schuyler
mine, the Bridgewater mine near Somerville, and from the immediate
vicinity of New Brunswick. Some of them have a lead grey color and a
high metallic lustre, with an imperfect crystallization. Others, and especially
those from the Bridgewater mine, vary in color from purple to brick red, have
a compact structure and are nearly destitute of lustre. The powder of all of
them is reddish. At New Brunswick, this oxide of copper oceurs in thin veins
in the red shale, and is sometimes accompanied by native copper, and by the
green and blue carbonate of copper. The color is usually grey, the powder
red, and unlike the native copper, it is brittle, and easily powdered in a
mortar. The rock which is immediately in contact with this mineral, is of
a drab color, and appears as if it had been altered by heat.

“The specific gravity of one of the best specimens that T have obtained
from this locality, s 4.7558. On beiﬁg freed as much as possible from the
adhering rock, it was found to be composed of

Red oxide of copper. .. ... ... oo ciiii s e 91.55
Bilica, &C .o vveririnnnit i ieaas eme e i 8.45
Total........ et e ieaar beaiaec e ieares e 100.00
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“A specimen from the Schuyler mine, which was compact and of a brown
ish-red color, had the following composition, viz:

Red oxide of copper ... iiiiiiir o il 82.62
L 17.41
Oxide ofiron........cooivvniiin iavnienen. .. e e trace.

Total, o e et ie s ceraa 99.93

“But it is seldom that specimens of even this degree of purity can be ob-
tained, and they are found only in small quantities.

S Compound of Carbon and Owide of Copper. Associated with the
red oxide of copper, there is often found, at New Brunswick, a dark earthy
substance, which is quite friable, and is easily crnshed into grains between
the fingers.  But it sometimes also ocenrs in separate veins of from half an
inch to two inches in width. On examining the mass with a magnifier,
small black shining particles are scen diffused through it. At first T
thought, from the association, that they might be black oxide of copper;
but apon trial, I found the black particles to be carbon, probably anthra-
cite. When a portion of this aggregate is heated in the flame of an aleo-
hol lamp, it soon begins to glow, and it continues red hot until a part of
the carbon is consumed. This, I suppose, is owing to the oxygen of the
oxide of copper. During the combustion no odor was observed. Thrown
into red hot nitrate of potash, the compound burns and loses about half
its weight. Heated to 300° or °400 F. it loses 17 per cent. of its weight,
which is probably caused by the driving out of the water, which it contains.

‘A portion of this substance, after being ignited, was treated with nitric
acid. The residuum, amounting to twenty-five per cent., was found to be
silica. The solution was subjected to the action of sulphuretted hydrogen,
. and to the clear liquor after filtration, ammonia was added, to preeipitate
the oxide of iron. The composition is as follows ;

Oxide 0f COPPEr. . usr ittt e tanareiariaennsieannscnannass 17.50
Oxide of iron ... ..... i it et a e, 5.00
Carbon ............. Bt e aeetbaaaeeaa, et anan 85 50
71T e ... 25.00
£ <3 S S 17.00

G ¥ 100,00

“The carbon and silica being mechanically mixed with the oxide of cop-
per, the above proportions are very variable. It is a fact of some interest,
that so large a proportion of carbon should be nssociated in this manner
with the ore in question; nor ean I conjecture by what decomposition it
has been produced, unless by that of the carbonate of copper, which may
have originally existed in the rock in which this substance is found.
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“ Carbonates of Copper. Tt has already been stated that some of the
specimens of native copper are inerusted with the green and blue carbonates
of copper. The most interesting locality of these carbonates, howex er, is
on the banks of the Delaware and Raritan canal, about a mile northwest of
New Brunswick., At this point the strata of shale are nearly horizontal,
and alternate with & grey slate, containing particles of miea.

“In the cleavages and fissures of this slate the blue carbonate is found in
the form of a crystalline incrustation. These erystals effervesce, and are en-
tirely dissolved in nitric acid. The green carbonate is sometimes associated
with the blue,

“This locality is near the bed of a ravine, and when it is remembered
that the oxide of copper is very common in the rocks of this vicinity, it
will not be difficult to account for the formation of these carbonates, which
I believe to be constantly going on. Water, charged with carbonic acid,
dissolves a portion of this oxide, and whenever circumstances favor the
escape of the excess of carbonic acid, these salts are deposited. Tliese min-
erals are manifestly the result of precipitation from an aqueous solution,
and in applying the above explanation, it is only necessary to admit that
the carbonates of copper, by an excess of carbonic acid, are rendered solu-
ble in water. '

“Risilicate of Copper. This mineral, which was formerly often labelled
phosphate of copper, was first correctly described by the late Professor
George T. Bowen. It invests the pure ores of copper found at the Schuy-
ler, the Franklin, and the Bridgwater mines; but it sometimes also occurs
in small veins or masses in the rock, which forms the gangue of these ores.

“ The color of this mineral varies from mountain-green to a deep bluish-
green. It is easily broken and may be scratched by the knife. Iracture
uneven or somewhat conchoidal. Usnally opaque and dull, but sometimes
translucent, and with a vitreous lustre. When reduced to powder and
stightly heated in a platina crucible, it assumes a reddish-color; but when
the heat is raised, it becomes brown or black. Before the blowpipe on
charcoal it first becomes black, and on increasing the heat, the eolor changes
to red.

“ The analysis was performed by subjecting & portion of the powder to a
low red heat to expel the water. It was then mixed with about thrice its
weight of carbonate of soda, and the whole heated to redness, in a platina
crucible for upwards of half an hour. The mass was dissolved in dilute
muriatic acid, the solntion evaporated, and the residnum again dissolved in
water, slightly acidulated with the same acid, and this solution then filtered.
The oxide of copper was thrown down by sulphuretted hydrogen, and
afterwards, the oxide of iron by ammonia.

.
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“The following is the compogition of a specimen of this mineral from the
‘Schuyler mine:

Oxide of copper....... T P R 42.60
Bilica., ... ievniiriiaiannan e wemedreermessarrearetsannean 40.00
Oxicde Of J10T s esver s iniemreeranarsaronnsre asstassnnasanssnns 1.40
Water a0l 1088, . .4 ot vt vesarere-aassnssrrtaatoctsnsnnsrrarse 16.00

b0 7Y DA P 100.00

“ A specimen from the Bridgwater mine contained thirty-seven per cent.
of silica. The proportions, thercfore, are subject to variation, and this will
account for the discrepancy in the analyses of Bowen, Derthier, and Ko-
bell, noticed by Dr. Thompson in his Mineralogy.

“ Grey Sulphuret of Copper. This ore occurs at the Flemington and
Nashanic mines. It is massive, scctile, has a dark lead-grey color, and is
sometimes in the form of roundish grains in the slate rock. All the gpeci-
mens that I have scen are exceedingly impure. The best one gave me the
following results

Quartz and sillen... . ..ciiiiiiiiiiii e e 53.25
L) 3 T LIRS ETE TR I REE IR 38.73
1) R S R R R L ER R TR 8.00
TT L, s s et oet s ene vatnamansensosenartaanesorsesotascsstnnsnsnnsos trace

TObBl L s s vbeecveniee wenetas e irereraeeeeerareitananns 100.00

«« Qopper Pyrites, or Yellow Copper Ore. This mineral oceurs massive
at the Flemington mine, but I have found it only in very small quantitics.
It has a brass-yellow color, grecnish powder, and is a compound of the sul-
phurets of copper and iron.

“Quch are the ores of copper, hitherto found in this part of New Jer-
sey. Although widely distributed, they do not occur in sufficient ¢uantity
in any one locality to render mining operations profitable. Thousands of
dollars have been expended in fruitless rescarches, and other thousands will
probably still be wasted in the same manner, for in this business the les-
sons of experience seem to be of little avail”

Copper ore has been seen at the following localities in the course of the
Survey. At Fort Lee, on the IMudson, pyritous and green carbonate of
copper oceur in the sandstone under the trap. The ores were worked before
the revolution under the illusion that they contained gold. The Belleville
copper mines still yicld copper ore. Stains of copper are very cowmmonly
seen in the sandstone at the Belleville quarries. Iy the First Mountain
copper has been found at Feltville; north of Plainfield, in Green Valley
mine ; near Chimney Rock, north of Bound Brook; at the old Bridgewater
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mine, northeast of Somerville ; southwest of Martinville, and near the end
of the range south of Pluckamin. In all these localities, except at Felt-
ville, Martinville and Pluckamin, the ore oceurs in the sandstone immedi-
ately under the trap, and close to it. At the two places last mentioned it
is over the trap, and at its meeting with the sandstone.

On the Second Mountain copper ores are said to have been fonnd near
Union Village ; near Jelliff’s mill, a mile sonthwest of Liberty Corner; and
east of Lesser Cross-roads, on the western slope of the range.

At New Brunswick, the rock is discolored hy the ore in some narrow
banks north of the town; and on the bank of the Raritan, two hundred
yards north of the railread, was the entrance to a mine that was worked
nearly one hundred and thirty years ago. TFlakes of metallic copper, from
one-sixteenth to one-gighth of an inch in thickness, and one or two feet
across, have been found in cutting the street cast of the college, and also in
digging a cellar in Somerset street. Abont three miles southwest of the
city is the old Raritan mine, which is now not worked. There is an old
opening for copper at Griggstown. This ore, anid that at New Brunswick,
are found in the shale. Copper ore is said to have been found at Hopewell,
and also on the south slope of M. Rose, also ncar Marshall’s Corners.  Ore
has been found at Copper Hill; and the mines at Flemington are some-
what noted among the copper mining enterprises.

Oxide of Manganese. A vein of this ore was found on a hill about
equidistant between Clinton and Lebanon, and semewhat south of the line
between them. It is on lands of John T. Leigh, and the estate of General
Geo. Taylor. The hill is of red sandstone and conglomerate; and the
openings in it are in a northwest and southeast line, at intervals, for about
one hundred and fifty feet. They indieate a vein about ten feet wide, and
the openings have been made four or five feet deep.  The ore is quite dis-
tinet from the rock, and not at all intermixed. The ore contains between
seventy and cighty per cent. of oxide; but a portion of it is scsqui-oxide,

It has not been applied to any use, and the openings were made on the
supposition that it was iron ore.

Barytes, Barite or Sulphate of Baryta. This mineral is found at several
localitics about New Brunswick, and Prof. Beck, in his “ notices,” says:
‘“ In the slate on the banks of Lawrence’s Brook, about two miles southeast
from New Brunswick, narrow veins of a kind of ochreous clay are some-
times ohserved. In one of these, fragments of crystals of sulphate of
barytes have been found.  They are translucent, have a bluish color, and
vitreous lustre.  Specific gravity from 4.42 to 4.45.”

“ About a mile west of New Brunswick, on the farm of J. C. Van Dyke,
Esq., there is another locality of the same mineral.  Some of the specimens
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arc opaque, and have a yellowish color, with a foliated structure. Others
exhibit crystals of the primary, the right rhombic prism, which are trans:
Iucent, and have a bluish tint. But, more frequently, they present folism;
with two sides of the primary, diverging from a centre, and gradually
increasing in width.”

Sulphate of Baryta, in crystallized masses, was picked up among the
rubbish from the copper mine at Feltville. It wasin nodular but cleav-
able masses, in ecalcite.

In the township of Hopewell, and about one milé from the village of that
name, on the bank of Stony Brook, barytes has been found in considerable
quantity. Tt is in a joint of the rock which has a northwest strike, and 2
dip to the southwest of about 15°. It lies regularly in this joint as far as
the explorations go, which is two hundred or three hundred feet. The
layer of mineral is from four to six feet thick in some places, but has
thinned out in others to a foot or thereabonts. It has been worked from the
surface down twenty or thirty fect, and it is said that nearly two thousand
tons have been taken out. The mineral is ¢rystalline, white and very prure,
It is much songht after by dealers in paints.

Mountain leather in thin flakes is oceasionally found in the scams of
the rocks about New DBrunswick.

Trappean Minerals. The trap rocks have furnished specimens of this
family of minerals in different places; prehnite in particular, in good spe-
cimens, has been obtained from Riker's Hill, and from Paterson, Secotch
Plains, and Bound Brook; but all other localities have been lost sight of
for some years, on account of the very fine specimens found in Bergen Hill,
in cutting passages through for the New Jersey Railroad and the Erie Rail-
way. Immense quantities of specimens were taken out, so that though the
localities are not now accessible, good specimens are to be found in many
collections. A list of minerals found in the New Jersey Railroad cut was
prepared by William O. Bourne, and published in Silliman’s Journal, vol.
40, p. 69. It comprises stilbite, henlandite, laumonite, prehnite, datholite,
analcime, natrolite, apophyllite, Thomsonite, mesotype, epistilbite, chaba-
site, cale spar, blende, galena and iren pyrites. For the specimens found
here reference may be made to the list of minerals in the Appendix.
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CHAPTER 1IV.

GEOLOGY OF THE SURTACE.

Tur soils or superficial covering of this formation are very strongly
marked by the characteristics of the underlying sandstone and trap. The
sandstones and shales everywhere produce a soil with the characteristic red
color, and are sandy or clayey, according as the underlying rock is sand-
stone or shale. The trap, by its disintegration or wearing down, has pro-
duced a soil which is light-yellow in color, and clayey, or at best, only
loamy in character. So large a part of the whole formation is covered
with earth derived from the rock immediately under it, that it is unncees-
gary to specify localities. The trap carths and soils are to be found on the
summit, of every trap ridge in the state, and very commonly on their north-
west or gentle slopes.  From the elevation of the trap ridges the soil on
them is subject to be washed down to lower grounds, and there are many
places where the surface soil is of trap origin, while the underlying earth
and the rock are of red sandstonc, the wash from the ridges bringing a con-
stant addition of this trap earth from year to year. Soils composed of
thesc two varieties incorporated with each other, are also commeon, and of
all grades of mixture,

In addition to this coating of loose earth which has been formed from
the underlying rock, there are immense quantities of drift materials to be
found in some localitics. The whole valley of the Upper Passaic, inclosed
by the Highlands on one side and the Second and Third Mountains on the
other, is filled with a deposit of clay, sand, gravel, stones and boulders.
From near Basking Ridge alinost to Pompton, following the middle of the
valley, this material is found so abundantly that rock is never seen in wells
or in the deepest excavations that have been opened. At the Drew Semin-
ary, Madison, the latc William Gibbons dug a well in the drift one hund-
red and fourtcen feet deep, and, as 1 am informed by ¥. S. Lathrop, then
bored in the bottom of this two hundred feet further without finding
any solid rock, Other wells have been dug in the same ridge to an equal
depth.
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At Upper Preakness there is a well ninety feet deep, all in drift earth,
At Centreville, near Caldwell, there are wells seventy and etghty feet deep
in drift. There is also a very heavy body of drift through the central por-
tions of Bergen County, and close to the foot of the Ramapo Mt., five miles
below Sufferns, rock was struck in a well one hundred aund nineteen feet be-
low the surface.  Near the southeast foot of the First Mountain there is a
covering of drift for a mile or two in width along the whole lengtl: of the
mountain, The soil is quite sandy on this strip.of drift, from Plainfield to
Bound Brook. The drift hills in the break of the mountain, near Millburn,
are singularly round and uneven, so much so that they are known as the
Short Iills, and the same name is given to a long line of high and rounded
hillocks of drift which extend from Scoteh Plains east of Plainfield to
near Perth Amboy. Iinmense masses of drift are found in the valley
between the First and Second Mountains, especially from Feltville, towards
the northeast.

The soutlwestern third of the riassic Formation is comparatively free
from the boulder, gravel and clay drift.

There are river terraces along the toot of the Ramapo Mountain, at vari-
ous places between the state line and Pompton. They look like parts of a
smooth and level plain of earth which onee filled this whoele valley, and
which has since been all washed away, except these fragments which rest
against the mountain,  Near the Ponds, in Bergen County, and also near
Preakness, there are drift hills which are level-topped, and from a distance
present the appearance of terraces. These marks of a period when a sea
or lake of water stood as high as the tops of these old sand-bars, are to be
found in very many places along the foot of the Highlands, all the way
across the state, and on one side or the other of the trap ridges hills of this
character may be looked for.

There is a singular lodgment of sand behind the teap of Rocky Hill, at
a place called the Sand Hills, cight- miles southwest of New Brunswick,
It differs much in appearance from the ordinary drift material, being almost
entirely n reddish-yellow sand, without clay or boulders.

Along the western side of Bergen Iill, and bordering Newark Bay, us
seen in Fig. 52, on next page, there is a range of sand dunes which extends all
the way from Bergen Point to the New Jersey Railroad. It is a fair speci-
men of sand, such as lines the shore of the ocean, and has evidently been
blown up there from the bay at some former period. It is now covered with
trees, where not cultivated, but it has all the marks of driving sand, and
lies upon the diluvial loamm and gravel, or the trap rock ; or even upon salt-
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marsh sod, as seen a quarter of a mile south of Salterville dock—and every-
wliere with the marks which characterize such deposits.

1.
Fa. 52,

Band dunes, Red shzle dzift on trap rock.

Sectlon along Central R, R, at Bergen Point.

The sandstone is too soft and perishable to retain diluvial scratches, and
none have been seen on that rock during the survey. DBut they are comnion
on the trap rocks everywhere.  They can be seen best where the thin sur-
face-soil has protected the rock from weathering. The following list of
some which have been noticed will show how they oceur, though no attempt
has been made to make the record complete by seavching for them in all
places :

Table of Dilwvial Seratehes on the Trap Rocks.

LOCALITIES, DIRECTION.

Palisade Mountnin, near the summit, east of Englewood............. . 5. 40° E.
Palisade Mountain, southenst of Englewood, on Prlisade Avenue........ 8.3°E
Palisade Mountain, southeast of English Neighborhood... ........... 5. 20° E.
Palisude Mountain, road between Fort Lee and Fort Lee Station, near

Union House, . ....... e e e e e iaeeas 8. 30° E,
Pulisade Mountain, near the Guttenburg brewery. .. ................. 8. 20° E.
Palisade Mountain, top of bluff, north of Fort Tee ...... ............ B. 20° E,
Palisacle Mountain, rock over Bergen Tunnel,...... ............. . 8. 20° E.
Bergen Neck, shore of Newark Bay........ ... ... ... .. . 5 W.
Bergen Neek, shore of Newark Bay......... .. ........ DETTTTTR B E.
Southwest of Patergon, south bank of the Morris Canal .............. 8.70° W,
First Mountnin, west slope, south of Paterson.... .. ................ 8. 75° K.
First Mountain, west slope, nearthe Noteh............ ... .. ... ... 8. 75° E.
First Mountain, near Llewellyn Park. ... ... e o 8. 50° W.2 -

West of Paterson, on the road to Little Falls, sonth bank of the Passaic. - 8. 60° W.
Second Mountain, west slope, near the line between Passaic and Essex

CPUILICH, vy vr vt onn e e e e, 8. 40° V.
Becond Mountain, west slope, north of the dMt. Pleasant tumplkc S 5. W,
Sceond Mountain, Mt Pleasamt turnpike. ... ..o i eee . 8. W,
Ialf a mile southeast of Pompton Furnace, north of the Paterson road.. 8. 15°
Near the site of old furnace, Powpton Furnace ......... ........ oo 8.10°-20° W,
ook Mountain, road crossing to Beavertown........ Cr e 8. 20° W.
Hook Mountain, near Beavertown ... ...... ......... ... e 8. 40° W.
Hook Mountain, south of the peat-works,............ ..ot B. 60° W,
Hook Mountain, west slope of the mountain. ... oL 8. 65° W,
. Hook Mountain, west slope, near south end of the mountain........,.. . 8.4 ”° W.
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The drift material scattered over the surface is usually composed, to a
great extent, of the rock, carth, sand and clay of the immediate vicinity;
but the stones and boulders are in many cases from distant localities.
Boulders of the Green-Pond Mountain conglomerate have been noticed as
far gouth as New Brunswick, and numerous places north and east of that;
one about three feet in diameter was seen in the cut at the west end of the
Evie Railway tunnel through Bergen Hill.  Some gneiss boulders of enor-
mous size have been seen ; one just south of the Newark and Mt. Pleasant
turnpike, on the northwest slope of the First Mountain, and near its foot,
is forty feet long, fifteen fect wide, and ten feet high ; it must weigh nearly
five hundred tons, and is at least thirteen miles away from any fast rock of
the kind.  Perhaps the largest one met with is in the Ramapo Valley, from
a quarter to Lialf « mile from the foot of the mountain, on the east side of
the road, and about fowr miles from Sufferns. It is oval in form, thirty
feet by twenty-five, and standing perhaps six feet out of the ground, and it
appears as if there were more of it buried than there is exposed. There is
a boulder of granitic gneiss lying on the ground, or partly buried in it,
about twenty rods south of the New Brunswick and Woodbridge turnpike,
and two miles from Woodbridge, which is judged to weigh two hundred
and fifty tons. It is more than twenty miles from our nearest gneiss mdun-
tains,

Onc of gneiss north of Pascack, in Bergen County, is over twenty feet in
dinmeter, and though partly covered with earth, it is at least cight fect
above the surface.  On the top of the Second Mountain east of Centreville,
Essex County, there is another gneiss boulder which is partly buried, but the
portion uncovered is twenty fect long, twelve feet wide, and eight fect
high.

Gueiss Doulders of six, seven, and eight feet in diameter are common
ol the top and sides of the Palisades and Bergen Hill throughout their
length, and some of equal size were found on the top of High Mountain.
Boulders of trap and sandstone are comnon everywhere, and more ravely
limestone is found in loose masses. On the western slope of the Sec-
ond Monutain boulders of Oneida Conglomerate were seen in a number of
places.

Boulders containing fossils have been picked up on all parts of this for-
mation. Many days of work have been devoted to ferreting out reports of
fossils found in various localities ; all of which have ended in finding that
loose stone with impressions of shells in them have been picked up on the
surface or on some stone-heap.  Wherever found they have proved to belong
to the Paleozoic Formation, and nsually to that portion which is found in
place only to the northwest of the Kittatinny Mountains,
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The powerful forces which have
acted in wearing away the softer
rocks, have left depressions in the
surfuce, which are not freely
drained. A large tract aboutthe
liead of Newark Bay was absolute-
Iy below the level of the occean. Tt
has gradually filled up with mud,
sedge-roots, etc., until it has come
to the level of high water, and con-
stitutes what are now known as the
salt-meadows or the marshes.

The following scctions exhibit
the position of these marshes in
relation to tide-water, and to the
solid earth. TFig. 53 is a scction
tfrom Newark to Brooklyn Long
Island, crossing the Newark, Hack-
ensack and Jersey City marshes,
and showing these in their relations
to the Passate, Hackensack, Hud-
gon and Kast Rivers, and to the
red sandstone, trap, serpentine and
gneiss rocks, and to the drift earth,
The vertical seale is two hundred
feet toan inch.

The tide marshes oceupy a Iarge
surface in the vicinity of Newark,
Elizabeth and Jersey City, and .
Iying as they all do, within a few
miles of the great centre of lusi-
‘ness in our country, the condition
of them is of great public interest.
They must soon be reclaimed, so as
to be fit cither for cultivation, or
for occupation with buildings. On
this account sections, soundings,
and other details rclating to them,
have been prepared with more full-
ness than has heen possible in the
more remote parts of the state.

.
.
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Tig. 54 is asection across New-
ark and New York Bays, cross-
ing also the marsh hetween
Elizabeth and Newark. Tt is in-
serted to show how under nearly
the same circnmstances with the
preceding, there is still a large
body of shallow water left un-
filled by marsh, in both of these
The vertical scale of this
section is one hundred feet to an

bays.

inch.

Mr. Robert Bacot, of the Jersey
City Water-Works, turnished the
following results of Dborings on
the bank of the IHackensack
River at the aqueduct crossing :

Thirty-two feet of mud from
the snrface of meadow.

Eight feet of blue clay.

Ten feet of Dblue and red
clay.

Ten feet of red clay.

Four feet of red clay with
some fine sand.

Four feet of hard, red clay,
with small pehbles and
stones.

In the river—
Thirty-seven feet of water.
Thirtecen feet of Llue clay.
Fourteen feet of red clay.
TFour feet of hard, red clay,
mixed with pebbles and
sandstone.

The following soundings across
the marsh on the line of the
Newark and New York Railroad,
were furnished by the chief
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engineer, A. F. Sears. Iig. 55 repre-
sents this section.

Beginming at the border of the up-
land 2,500 feet west of the Passaic
River:

500 feet from the upland the depth
of mud is 5 feet.

1,000 feet from the upland the drift
of mud is 13 feet.

1,900 fect from the upland the depth

" of mud is 13 feet.

100 feet from the bank of the river.
the depth of mud is 9 feet.

Passaic River, 300 feet from the right
bank (water 12 feet), 3 feet.

On the right bank of the Hackensack
River the mud is twelve feet deep.

ANALEINVE Oiy

I'nsgnic River,

Lalnd

> In the deepest portion of theriver there
§ is nomnd. On the left bank the mud
= § .o o
3 : is nine feet decp, from which it becomes
o shallow, until the upland is reached,
<

000 fect east of the stream.

The following statemnents were
furnished by Geo. L. Bailey, from the
Ji oftice of the Water Commissioners of

=' Hackensnck River. ,Tersey Ci’(,y_

On the west side of Bergen IIill, on
the line of the water-pipe the soundings
for every 100 feet, commencing near
the foot of the hill, are, 8,19, 27, and
34 fect. Ior the rest of the distance
to the Hackensack the depths vary

"PUOILE] ML0K MIN PUL {IEN0N D1} JO DUI[ 21 DAL SAOPLIM NILAMD I} FFOIIE UO[09G

*INCIRINYE A3y

Morrlo Canal. from 37 to 47 feet, the deepest being at
A the river. This line is about 200 feet
v Sand duaes, from the turnpike and parallel to it.

‘dv¥L

In Jersey City, near the footof
Bergen I, the mud rangesfrom 20
to 50 feet in depth, being deepest close
tothe hill. It grows less going towards
the Hudson River.
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The following soundings in tide-marshes were taken for the survey in the
summer of 1866, by Edward C. Thomas and Paul Cook. v
Tmor-marse, WoonsrIDGE AND PlscaTaway Towxsmps, MmpLEsEx Counry,

Soundings on Salt Meadows on north side of Raritan River, between
Miil Brook aud Red-Root Creek:

SOUNDINGS.
Fect.
L. Red-Root Creck, at a landing whete road comes down from the upland.. 16.0
2,350 paces. (Bearing N80 E)...... oottt e 16.0
1. Red-Root Creck, landing as before.. ............. ....... ........ ven 16,0
2. 1,000 paces from 1, southwest through greatest length of meadow, near hank
of creek. (Bearing to Crossman’s Pottery, N. 67° E)......... .... 7.7
3. 152 paces up the creek from last—to bridge...... ............. R |
700 paces from bridge, bearing towards Fisher's brick-kiln............... 10.9
800 paces, SAME COUSE. ... .uoveet ittt eiiees ceee o e, 10.5
117 paces (bearing 8. 65° W.)... ... .ooiiiiii s i, vee. 5.8
800 paces at bend of Raritan River, opposite lower brick-yard ; gravel. . ... 8.5
900 paces at bend of Raritan River, opposite upper brick-yard, (Bearing
N80 Wittt et e e ... 17.0
680 paces. (Bearing N. 60° W.),.,.............. e 7.0
G600 paces. (Bearing N. 60° W.) Brick-yard due south. . ......v.oeea.. 8.7
210 paces. (Bearing N.60° W) ... .. . L s e, 5.0
350 paces. (Bearing N. B5° Eooou il il it vienivs .. 1202
177 pnaces.  (Bearing N. 35° E., towards Mill Brook.)........ ... ....... © 8.3
At Mill Brook. (Bearing 8, 70° W) ... i i . 7.0
530 paces. (Bearing 8. TO° W) ... ... ... ... e et e 6.2
On bank of Raritan, near mouth of Mill Brook. ... ovvurereeversenss 11.0

Tide-marsh, East Brunswick Township, Middlesex County.
Soundings on Salt Meadows south side of Raritan River, between
South River aud the Washington & French’s Landing canal :

1. Bend of Raritan, between South River ond eanal ; clay bottom, ...... ..., 9.4
2. 660 paces; 8. 20° W.; sandy bottom ..... ... .. .0 it 21.5
8. 660 paces; 8. 20° W.; sandy bottom .............oiivirninrniinnnans. 13.5
4. 660 paces; 8, 20° W.; sandy bottom ... ooovteeenrrenrnns e i 5.2
5. 100 paces; 8. 20° W.; sandy bottom .. .....coove vivrne i, 0.0
G. 100 paces; 8. 80° W.; sandy bottom ....... e e e 16.7
7. 400 paces; 8. 80° W.; sandy bettom ......... e v ee e e 21.0

Soundings in swamp opposite Martin’s Dock :

40 paees from Raritan River. ... . .......ocooiiis i, 12.0
40 paces from the river furtherup; elay.....ooovvieinieneeens oenn. 13.0
Inlet just below the Evans mansion ; sandy bottom.......o.ueuuven.on.s 11.5
Point near Fox's gully; sandy bottom........ e arae i 6.0

Tide-marsh, Harrison Township, Hudson County.
Soundings on Newark Meadows :

1. From Passaic River, where New Jersey Railroad strikes it on north side;
went 645 paces east on railroad and 330 due south; sandy bottom. ... 5.3
30
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234 TRIASSIC FORMATION,

Tide-marsh, Newark Township, Fssex County. ki

1. From lock of Morris Canal, cast of Newark, duc south, 540 paces; sandy
hottom., .. ... ..o tiiiiis e e 6.0
2, From No. 1 8.224° W.; 1,584 paces; sandy bettom. ........vuvnn vunns 95
3. From No. 28, 223° W.; 1,200 paces . ......veiviirnarsosinnns cnenen 16.4
4.8, 223° W, from No. 8; 1,100 paces ... .« vvviivnieernaciarnansomuass 12.0
5.5.063° W, from No.4; 1,100 PACES. ... cvervnienenr v iansornians oot 13.5
6. Turned to right; N. 71" W.; 100 paces; over high ground.............. 2.5
7. N. 71° W, 1620 paces; ot hank of OROEK e 6.5

Tide-marsh, Newark Township, fssex County.

On cast side New Jersey Railroad, where high ground and mea-

dows meet, south border of Newark:

1. 70 paces from rallroad; 8. 66° W.. ... i i e s
2. 10 PACES, SAIIE COUISE ... it 4. eeevvrnnnn camsens soncnrnsssasansnsss
3. 1,200 p0ces, SRINC COUTSE ..o vrennerncsnnanee coes suannnsnmass socan
4, (Distance not noted); S. 16° W, parallel to railroad. .................
5, (Distance not noted) . ..v e niesiiii i e e
G, (Distance Dot noted) . ...\ or s it o i e
7. (Distance not noted) ... ... c.iiier ciiiiiiaa e aee s
8. 1,320 PACEI ... uer wetier e a i aaaeaaes e e
0.1,200 prees; 8T8 E .. o e e e
10. 1,480 paces; S. T8 B . vur vt ienr oot iveiianis e e
11. 800 paces; 8. 25° W; bankofereek,. .. ... oo iiiiiiiieia
12, 200 poces; N 43% W i i i iiieinnnae s eaaas
13. N300 A . i ittt e e
14. e e e et e eevenes raaeereeaeaeeearaas
T T R TR R LR
16. 1,650 paces; S. 15° W, from No. 11, and 1 200 vards from high ground
towards New Jersey Railroad. ..o iiiane i e ons
160 paces from high ground; N, 73° W, ....... e aaeeen
700 paces from 165 8. T3°E. ..o.vvtivieen i i i Ceeen
900 paces - A O e e
400 paces; 5. 73°E...... b e h s e e e e
On west bank of Bound Brook; N. 20° W. from its mouth..............
1,200 paces; 8.24° W.. .. ooiiiiens tii i e FETTRRT
900 paces; N. 72° W. from preceding......... ... oot
1,800 paces ; N. 72° W. from preceding...... ..o crv i vinnianaat,
{Paces not counted) ; 8, 45° W. from preceding........oo0n ciienniin
600 paces; 8. 80° W, from preceding........vviies cileiiiea it .
200 paces; 5. 80° W. from preceding. ... ... ..ot e

Tide-marsh, Harrison Township, Hudson County.
Salt Meadows north of New Jersey Railroad, beginning 155 paces

east of .mile-post, marked “6 m. J. C.,” on New Jersey Railroad,

between Newark and Jersey City :
1. 150 paces north from railroad, going towards turnpike; clay bottom.....

2.8300paces; N, W oo iirrri s i Cab s

3. 100 paces; N...... ot e e e aeaesae et

4, 500 yards east from upland, on turnpike from Newark to Jersey City, north
side of road in ditch ; sandy bottom.. .oes.vvivianines venen van
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GEOLOGY OF TUE SURFACE, 235
SOUNDINGS
Fect.
5. 450 paces ; south side at bridge, along Newark and New York turnpike.. 6.0
6. 900 paces; at bend of road, southside.... ..ol L 6.5
7. 900 paces ; south side, edge of woods; sandy bottom,.......... . .. B8O
8. 900 paces; south side, edge of woods; sandy bottom.. ... ............ 8.6
9. 1,100 paces; (crossed Morris and Essex Railroad in 472 paces) nmth side.. 8.0
Back sloeng aqueduct from Jersey City to Belleville, beginning at (9):
900 yards, left side of rond near Morris and Essex Railroad ; sandy bottom 8.2
000 yards, left side; sandy bottom........ ... .0 oo ceen 7.6
900 yards, lefi side; sandy bottom ... ... ... oo iov i e 6.6
900 yards, left side; sandy bottom . .......... ... .. e 6.3
G00 yards, left side; sandy bottom.. ... ... it . 6.4
360 paces; bridge... e . e, BUO
0dd ones taken betwecn precedmfr .md upland WETE....... 5.2,5.5,5.5, & 5.5
Tide-marsh, Union Township, Bergen County, and Secaucws Town-
ship, [Tudson County.
On Lrie Railroad, going from edge of upland, near Boiling Spring, ’
towards Jersey City :
South of Railroad opposite the dwelling house near water-tank ......... 5.2
040 paces at Berry's Creek, south side . ... ............ .. A 1
1,146 paces, south side; sandy bottom.... ... ... ..... .. .ol 7.6
1,172 paces, at six-mile post from Jersey City: sandy bottom ...... ... 8.2
640 paces, bank of Hackensack River.... ... ... v 1.2
G14 paces, north side. ... .o i i i e e 12.5
Five-mile post from Jersey City ; sandy bottom ... et 9.2
1,100 paces, south side; sandy botfom.. ................. oo e 10.2
Penhorn City near oil works; southside .. ... .. ... i 10.56
On Eric Railway, between Hackensack River and Bergen Hill, at three-mile
post from Jersey City, on right hand of railwny going northwest;
sandy bottom. . ............ L. e e AP 11.7
600 paces, left-hand side; sandy bottom ... .. ... . . . 7.5
100 paces northwest ; elay bottom ...... ... ... o oot 1.5
806 paces, left-hand side; sandy bottom ...l e 10,5
100 paces, upland both sides.. P 8
Edge of upland on a cross ].m(, e e e i 4.5
460 paces, in road to right (road from bnnkc Hill); from here towards °
Northern Ratlroad; down first road to the right ; bearing 8. 25° E,
(truc meridian) ; at edgeof meadow. ... ...oovori i iiininn 9.5
420 paces, left side of road; clay bottom.... ... ..o i 9.5
690 paces, 8. 55° E. to rmlroad sandy hottom ... G.¢
500 paces, right hand ; along Northem Railrond through woeds.......... 3.7
800 paces, left hand; along Northcrn Railroad through woods .......... 6.0
200 paces, left hand ; along road from North Bergen to Secancus......... 6.0
600 paces, right hand on turnpike; cleven miles from Paterson, four from ,
Heoboken Ferry ........ .....0 covniiannn e e ana 8.0 |
400 PACES. ... i e e e 6.0
On Paterson Plank-road :
Foot of hill east of Hackensack bridge, right hand..... ......... U
800 paces, left hand, at bridge ; sandy bottom...........ovoviiien s 10.8
700 paces, at west end of bridge, left hand; sandy bottem....... ... . . T.5
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236 TRIABSIC FORMATION.

SOUNDINGB.

Feet.
400 puces, right hand, sandy bottom. . . ... veeee e 5.3
Eighth milestone from Paterson; sandy bottom........ .......c........ 4.2
200 paces, right hand ; sandy bottom ........ .......ceiiiiiis el 5.6
390 paces, left hand ; hard bottom .. ... R Y ¢
800 paces, left hand.... .... e e rrr e e e ie e iaaaa - 5.2

North bank of Berry’s Creek¥ »

400 paces from seventh milestomr:)'f'rmn Paterson ; sandy bottom........... 5.0
500 paces, (Carlstadt Station) H. R, R. ; sandy bottom............. ..... 2.7

900 paces up railroad ... ....uiiiiis o e 1.

In the valiey of the Passaic, a lﬁl‘gc district of country above the Little
Ialls is go low as not to be drained by the natural flow of the streamns, and
there are several thousand acres of land which are filled up with black
earth or peat to the amount of from two to ten feet. The depth of these
deposits were taken at a number of places by LEd. C. Thomas and Paul
Cook, in the summer of 1866, and the results arc given in the following
tabular stutements.

Tt should be remarked, that these peat-meadows are not on a dead level,
like the tide-marshes, but that they descend with the natural fall of the
streams which run through them, and from the streams across the meadows
to the upland the rise is quite rapid. In one case, along the Columbia turn-
pike, in Morris County, in leveling across the meadow from Black Brook
to the foot of the hill westward, a distance of five-eighths of a mile, the
rise was seven fect,

DBlack Brook Meadows, in Chatham Township, Morris County.
Soundings along the Columbia turnpike, going from ecast to west :

SOUNDINGS,

Feet.

1. Sounding at little bridge; south side of road foot of Robertson’s hill. . ... 3.0
2. At Bluck Brook bridge, in brool ; water two fect below level of meadows;

water one foot deep, mud seven feet deep .. .............i.. ... 10.0

8. 16 paces west from 2, north side of road; in ditch............. ........ 8.0
4. 78 paces west, at road leading to meadow: south side of road ; clay

BOttOm. ... e 12.0

5. 91 paces south of turnpike, in diteh atcrossroad..........oooevunr. ... 11.1

0. 98 paces north of turnpike, at road leading to barn; sandy bottom....... 11.0
7. 234 paces south of turnpike, at bridge over ditch nearly opposite willow-

tree on north turnpike. (Bearing of turnpike N. 74° W) ......... 12.0

8. 145 paces north of turnpike; sandy bottom................ e 10.5

9. 200 paces north of turnpike; sandy bottom. ........... ... ... ......... 10.0

10. 135 paces north of turnpike; sandy bottem..... ...\ veerirs v, 8.5

11. 50 paces northeast of willow-tree............. e Ceeereraaa 5.0

1,087

By leveling, it was found that the surface of this meadow rose seven
feet between soundings 1 and 11.
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Soundings on Black Brook meadows, from the foot of the hill, in
the lane leading from Peter Ialsey’s house, on road from Columbia to
Whippany, down to the meadows :

SOUNDINGS.
Feet,

-

. In middle of said lanc, opposite last tree in the road; north’ gide; course
N, 74° W ; parallel to Columbia turnpike ; sundy bottom ; depth of

L 3.7

2. 153 paces to Black Brook : sandy bottom ; depth of mud.......,. ... .... 3.5

3. Back to where road crosses Black Brook; 70 paces from 2......... .... 4.0

4. 60 paces N, 74° W. from 8 clay bottom..................... ....... 3.5

5. 140 paces N. 74° W. from 4; clay bottom..............couoouuun L ... 3.0

6. 180 paces N. 74° W. from §; sandy bottom.................... ... ... .. 3.0

7. 140 paces N. 74° W, from 6; sandy bottom........................ ... . 8.0

8. 300 paces N. 74° W. from 7; sandy bottom......................... e 40

9. 150 paces N. 74° W. from 8; sandy bottom... ................ .. N

10. 187 paces N, 74° W. from 9 ; sandy bottom................o..ov.. .. 4.5
11. 65 paces N. 74° W. from 10; sandy bottom..................... ... .. 7.0
12. 100 poces N. 74° W. from [1; sandy bottom...... .. ........... ... R Y
13. 50 paces N. 74° W.from 12; sandy bottom.. ............ ....... ..., 5.5
14. 50 paces N. 74° 'W. from 13; sandy bottom......... . e e, 1.0

1,575—ran out to high ground.

Troy Meadows, Hanover Township, Morris County.
Soundings from 8. Hoppings line-ditch, to Mr. Coon’s, along the
road from Hanover to Troy.
1. On the bridge; left side; sandy bottom ; depth of mud ;

..... B X 1)
2. Right side of bridge; on bank of ditch. .............................. 15.0
3. Crossed back over bridge; 12 paces from road; same side half way between
high ground and (lltCh ....................................... 2.0
4, 40 paces from bridge, right side of road ; 25 p'u:es distant ; sand,,........ 5.7
5. 75 paces from 4, left side; 25 paces off road; sand. _,........ Bt 5.7
6. Directly opposite No. §; right side; sand; 25 paces off ...l 7.0
7. 60 paces; right side; sand; 25 pacesoff........... e 5.5
8. 80 paces; right ride; sand.......... . e, 7.2
0. 100 paces; right side; elay..... oottt e i 4.5
10. 50 paces; right side..................., e, Persrranians aas 2.3

345
Soundings on a line from last station (10) to the road from Troy to
Hanover Neck, near Mr. James Lewis’ house :

1. 100 paces from road between Mr. Hopping's and Mr, Coon’s,where road crosses

aditeh; sand. ... L.l bereean Creanes eeaanean N 5.6
2. 400 paces N. 10° E from No. 15 880d.ee.cuiuinnnneinneiiinariannnn, 4.5
3. 440 paces N. 30° E. from No. 2; elay. ... .vvververieieeecrsiennns, 6.5
4. 550 paces N.45° B.from No. 85 €l .ooon i ivneiiiiiiiiiny verrennnns 5.2
5. 600 paces N. 15° E. from No. 4; clay.............vun.. e 4.5
G. 300 paces N, 650° E. from No. §; €lay . .. .vvtienre i nnnrannennnn, 2.5
7. 100 paces N, 50° E. from No. 6; clay ........c0un.n.. et s 9.7
8. 160 paces N, 50° E. from No. 7; ¢lay ............. areaaas e P Y4
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SOUNDINGS.

Feet.

9. 100 paces N.50° E. from No. S8sclay. oo oo cien nn 4.5

10. 90 paces N.50°E, from No. 9 clay ...........oh oonvnies fen s 2.7
11. 70 paces N. 50° E. to the road

2020

From No. 10 to Whippany River, along the road from Troy to Han-

over Neck :

1. Left side of road {rom Troy at little hillock, corner of field 50 paces, left
side.... ...oiiiiiiiiieiiea, err et taa e e 2.0
2. 310 paces, right hand, south side ofroad ........... « .oeiiiiene oon 5.5
3. 00 paces,in ditch; north side; sand............ .... e e 8.6
O 11 Y 4.3
§. 20 paces, bridge, northside..... ... ... ... iiiiii ol 0.0

High ground on left, comes close toroad ........coc i iirnannn
8. 195 paces, bridge 40 paces off, left hand............... Cereiaaraaaaes 6.0
7. 100 paces, bridge 30 paces off, right hand... .............. C 1.4
8. 30 paces, bridge 30 paces off, right hand..................... caee s 1.4
9. 100 paces, right hand . ........ oLl Ll . b7
100 Jeft hand. . oo e e 8.6
11, 150 paces from 9, 35 paces off, left hand ........ ..o i 6.2
12, righthand. ..o oo e s e et eeeeraeaaa 1.1
13. 160 paces from 11, left hiand ...........viiir o iii it 2.0
14, GO paces, left hand. . .co. e e in i it e e 5.0
15, GO paces {carried us jus{ past main diteh) ............. ..., P oo L0
16. 1490 paces to Whippany River....... ..o 0 it iiiie i e 0.0

1,565

The Bog and Vly meadows, on Beaver Dam Brook, cover an area of

1,100 acres, Theso are filled with peat and black earth to a depth of from
four to twelve feet, and are underlaid by fine sandy earthlike that of Pomyp-

| ton Plains.
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DIVISION 1IV.

THE CRETACEOUS FORMATION. .

CHAPTER I

GEOGRAPHICAL EXTENT.

Tur part of New Jersey in which this formation is developed, is included
in a belt or strip of country, which stretches obliquely across the state,
from Raritan Bay on the northeast to the head of Delaware Bay on the
gouthwest.

The rcader is referred to the accompanying map of the Cretaccous
TFormation for the more minute geographical details of the region embraced
in this formation. The map is drawn on a scale of two miles to one inch,
or o3 The different counties and townships are shown by dotted lines
and faint lines of color. No attempt has been made to represent the hills.
The location of these must be judged of by the directions of the streams,
by the profile sections, and by the Table of Heights above Mean Tide.*

The outlines of the formation, as indicated by the colors on the map, are
as follows : The northwestern boundary, heginning at Woodbridge Neck,
on the shore of Staten Island Sound, passes just north of the villages of
Waoodbridge and Bonhamtown, to the Raritan River, a few rods below the
mouth of Mill Brook. Then crossing the Raritan, it is easily traced along
the south side of Lawrence Brook, and at distances varying from afew rods
to a quarter of a mile from the stream to the bend of the brook a mile west
of Dean’s Pond. From there it can be traced in ahnost a straight line to
the Delaware and Raritan Canal, half way between Clarksville and Baker’s
Basin, and then near the line of the canal to Trenton and the Delaware
River. From Trenton to Salem the Delaware marks the northwestern and
western boundary, with the exception of some limited patehes of marsh
and alluvium along the river.

# See Appendix, B.
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The southeastern boundary of the formation is much more difficult to
define. There is no rock, the surface is uniform, and the soil and subsoil
arc everywhere more or less sandy. While the line drawn cannot be far
from the true location, its exact ];lace ‘has frequently been a matter of
doubt. The following, however, is the judgment formed after an examina-
tion of the ground:

The line runs a mile south of Salem City and within half a mile south of
Woodstown, near Eldridges’ Hill and Harrisonville, two miles and a half
southeast of Mullica Hill, two miles southeast of Barnsborough, half a
mile southeast of ITurfiville, half a mile southeast of Blackwoodtown,
throngh Clementon, near Gibbsborougly, Milford, Chairville, Buddstown,
two miles southeast of Pemberton, two miles southeast of New Egypt,
thence to the Manasqnan a mile above Lower Squankum, to Shark River
Just above the village, and to Corlies’ Pond and the seashore at Deal. The
castern boundary is along the shore of the Atlantic, of Raritan Bay and
Staten Island Sound, to Woodbridge Neck. The extreme length of the
formation, from the Ilighlands of Navesink to the Delaware, above Salem,
is ninety-nine and five-cighth miles,

Its breadth at the northeast end, from Woodbridge to Deal, is twenty-
seven miles, and at the southwest end, from the mouth of Oldman’s Creek
to Woodstown, it is ten and three-quarter miles, The area included in this
formation is not far from one thousand five hundred square miles,

The Delaware and Raritan Canal, which crosses the state near the north-
ern line of this formation, is loeated npon the lowest ground in the centre
of New Jersey. Its summit level is only fifty-cight feet above mean tide
in the Raritan, and the water of the Delaware actually flows through it
and runs into the Raritan, South of the canal, the country rises to a height .
of near two hundred feet, and maintains this clevation along the centre line
of the state quite down to Cumberland County. On the east, the surface
descends gradually to the seashore, and on the west it falls off with like
uniformity to the Delaware. A chain of hills, extending from the High-
lands of Navesink westward ncross Monmouth County, rises somewhat
above the general level of southern New ™ Jersey, but otherwise there is a
remarkable degree of uniformity-in the surface of the country. Table B,
in the Appendix, gives the ascertained heights and the authorities for themn.
The inequalities of the surface arc almost entirely caused by denudation.

The streams, unlike those of the northern part of the state, have no
apparent connection with the geological structure of the country. They
are simply channels worn in the surface of the ground, following the lines
of most rapid descent to tide water.
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CHAPTER II.
GEOLOGICAL STRUCTURE.

Tue Cretaceous Formation in New Jersey consists of a series of beds or
strata, lying conformably upon each other, and all having o gentle descent
or dip towards the southeast. The strata differ from cach other in mineral
composition, but they are all earthy in form, except at a few detached
points, where the material of the strata has been cemented, by oxide of
iron, into a kind of sandstone or conglomerate. They appear to have lain
undisturbed ever since their deposition from the ocean ; having no folds or
curves in them, but lying smooth and parallel, like the leaves of a book.
As the dip of the strata is towards the sontheast, their edges show them-
selves upon the surface in northeast and southwest lines. TIf the surface
were uniform, these lines wounld be straight ; but owing to iue(iualitics of
the surface, they present irregularities of greater or less extent, curving to
the northwest on high ground, and to the southeast on low or descending
ground. The lowest strata have their ouferop farthest to the northwest,

These explanations will be better understood after an examination of the
following tabular arrangement of the strata, and also of the map and sections :

Table of the divisions of the Cretaceous Formution, in the order of their
occurrence ;. beginnaing with the lowest.

DIVISIONS. SUBDIVISIONS,

Fire Clays.

Plastic Clay. Potters Clays.
Lignite.

_ Clayey Green Sand.

Clay Marle. * | Laminnted Sands,

Sand-marl.
Lower Mar! Bed. Blue Shell Mard,

Marl and Clay.

Dark Micaceous Clay.

Tted Sand. Red Sand.
Indurated Green Earth,

Chocolate, Marl,

Green Marl.

Shell Layers.

Yellow Limestone and Limesand.

Middle Marl Bed.

Yellow Sand. . Yellow Sand.
Green Marl.
Upper Mar] Bed, . Ash Marl.
Blue Marl. .
31 -
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The section from Rahway, in Middle-

Sonth Branch. sex County, to Deal, in Monmouth
County, Tig. 56, which is here insert-

ed, shows all the beds in the order of

their ocenrrence, as seen when looking

northeast. « is gneiss; & is red sand-

H] NG Ty i s ’ oy .
ed s il stone ; ¢ 1s plastic clay ; ¢ is the lami-

nated sand and the clay marl; e is the

Staten Taland. lower marl heds; f is the red sand ; ¢

is the middle marl bed ; 2 is the yellow

sand ; and 7 is the upper mar] bed.
Raritan By Figure 57, on succeeding page 243,
is o columnar section, showing all the
bLeds of the Cretaceous Formation as
they would appear it piled onc on
top of unother, thronghout, and in
the order of their succession. It also
shows their comparative thickness, its
seale being one hundred feet to one

r""',:f'fl Middictown [Hlls, illl’:]l, vertical.
L. Prasric Cravs—With these are
inelnded the fire and alun clays of
Woodbridge, TPerth Amboy, South
Aanhoy, Woods Landing, Washington,
and Trenton, and the potters’ clays of
Navesik River. South Ambey, Checsequakes, Bridge-
Torth . boro, Billingsport, Bridgeport and other
places. There are also beds of light-
Parker's Crock, colored gand, and in many places
Fatontown. fossil trees and beds of lignite are found.
This part of the formation occnpices
the northwestern border of the district,
and on the map and sections is colored
of a neutral tint,

Mechanicaville,

Whale Pond Creck.

Paplar Brook. 9. Cray Magrcs.—These marls lie
Deal. immediately southcast of the Plastic
Atlantic Ocenn.  Clays, and are separated from them
by a line which is not very easily

recognized. It can be traced upon the

map in an almost straight line, from

I
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just north of Cheesequakes Creek on Raritan Bay, to Bordentown on the
Delaware. From thenee down to the Delaware near Salem, its northwest
border is parallel to the river, and only a few miles from it. The material
of which the clay marls is
= Upper Marl bed. composed is chiefly a dark-
colored clay, with green-

AN

Eocene,

Yellow sand, sand grains sparingly inter-
mixed. This division Is
colored of a dark. neuntral
" tint.

Middic Marl bed.

3. Lowrr Mire Bep.— l
N This is a stratum ?t' green-
sand marl, which is largely
used in agriculture. It lies
along the southeast border
Laower Marl bed. of the clay marls, and can
he well seen in Middle-
town, Marlboro, Iolmdel,
Trechold, Cream Ridge,
Arney’s Town, near Mount !

Tolly, near Iliddonficld,

-

-

e E . -

. Carpenter’s Landing, Bat-
3 .

o tens Mill, and Marghall-
= Clry marls.

ville. Tt is represented on
the map by a dark green

Cretaceous Formation.

color.

4. Tue Ruo Saxp.—The
material lying over, and to
the southenst of the first
marl bed, is composed main-
ly of o reddish sand, having

more or less clay intermix-
ed at both its upper and
lower parts. Its character.
Plastic cxg. istic appearance is well seen
: at the Navesink Highlands,
at the Red Bank 1llls in

——— ' AMomnouth  County, just
—_— west of Treehold, in the
e ———f "

e ) red hill south of Shelltown,

NEW JERSEY GEOLOGICAL SURVEY




244 CRETACEOUS FORMATION,

in the mount at Mount Holly, at Mullica Hill, and in many other places.
It is colored decp yellow on the map.

A, Tux Miobre Marr Bep.—To this bed of greensand belong yellow lime-
stone and lime-sand, the marls near Eatontown, those near Blue Ball, north
of New Egypt, at Pemberton, at Vincentown, Medford, Marlton, White
Horse, Barnsboro, Mullica ILill, Woodstown, Salem, and other places. Itis
represented by an olive green color.

6. Tur Yecow Saxp.—This material lies immnediately on the middle
marl bed and is not well characterized, though everywhere found. Tt is
colored light yellow.

7. Tue Urrzr Mare Bep.—This bed consists of greensand  disposed in
la} ers, which are parallel to those already mentioned, and it lies immediately
to the southeast and upen them. It is well scen in the marls of Poplar,
Shark River, Squankum, New Egypt, northeast of Pemberton, and at Clem-
enton ; southwest of which this bed Las not been identified. 1t is colored a
light green.  The map which accompanies this report shows the different
members in their outerop or exposure upon the surface.  The cross-sections
show their relative positions, and the columnar sections give the thickness
of the members and their subdivisions. As many particulars as possible
have becn given upon the map, so as to aid by these graphic illustrations
the explanations of the text.

Stuikk,—The strike of the strata has been obtained by taking two points
in the Lower Marl Bed which are at tide level and on opposite sides of the
state, und then drawing a straight line between them. Tt is marked on the
map Liegister Line. This line touches the Lower Marl Bed at tide water on
Sandy Hook Bay, oppositc Red Bank, near the mouth of Hop Brook, at
Mt. IHolly, Clement’s Bridge, Carpenter’s Landing and above Sculitown, at
Marshallville Salem County, and St. Georges Delaware.  The distance from
St. Greorges to Sandy-Hook Bay, is one hundred and six miles, and finding
the marl at intermediate points on the same level, and in the same hne
proves that there is no important change of direction in the strike for the
whole distance. The true bearing of this line is S, 55° W. It is evident
from an inspection of the map that the belt of ¢ country in which this forma-
tion lies narrows towards the southwest. And the strike of the white clay,
as taken at tide-water between Bordentown and Clecsequakes, is 8. 52° W,
and that of the middle marl bed, between Parkers Creck near Eatontown
and Salem, is 8. 55° W. Many verifications of these bearings have been
made upon shorter lines, and they have uniformly been found to agree,
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Dip.—The inclination, descent, or as it is technically called dip, is at vight
angles to the strike; of course if taken from the strike of the Lower Marl, its
bearing will be 8. 35° E. The amount of the dip is only about thirty feet
in a mile. In both these cases marl was touched at several intermediate
points, and the descent found to be uniform.  The pits of John M. Perrine,
north of Ireehold, are one hundred feet above tide and three mniles north
west of the fegister line; this gives thirty-three feet per mile descent.
This marl bed is considerably too high at Cream Ridge and at Arneystown
for the usual dip, and there is cither an elevation of the marl here or a
curve fo the southeast. From this point on towards the southwest, the bed
is too little exposed to furnish accurate data from which to caleulate its dip,
but enough has been ascertained to show that it continues nearly the same.

In the middle marl bed, the bottom of the marl at Mullica Hill is
seventy-one feet above tide; at Stratton’s marl pits, nearly two miles up the
north branch of Raccoon Creek, the bottom of the marl is twenty-nine feet
above tide, giving a descent of twenty-one feet per mile; the hill at Red
Bank, Monmouth County, is onc hundred and twenty-two feet; at Par-
ker’s Creck, two miles southeast, the bottom of marl is at tide-level ; the
descent here is sixty-one feet per mile.  The old road from Keyport to
Holmdel, at its summit on Big Hill, just touches the bottom of the second
marl bed, at the height of three hundred and two feet ; eight and a quar-
ter miles southeast of this the marl is at tide-level. This gives a descent
of nearly thirty-seven feet per mile. I Newell’s marl, on east side of the
road from Ireehold to Blue Ball, is at top one hundred and twenty-
three feet above tide. Shepherd’s marl south of Blue Ball, is eighty-
four feet above tide; the distance between them, measured in a south-
ecast direction, 15 about one and one-eighth miles, giving o descent of a
little over thirty-four feet per mile. At Mount Holly the marl in the
Mount is one hundred ond fifteen feet high; at Graskill’s it is only twenty-
six feet above tide. The two places, measured on the line of dip, are three
and a half miles apart, which gives a descent of twenty-five and three-sev-
enths feet per mile.

At Winslow, which is twelve and o quarter miles southeast of Clemen-
ton, and at about the same elevation, the mari was struck at the depth of
three hundred feet. If this is the upper marl bed it gives it a descent of
twenty-five feet per mile. Other levels of the upper marl bed have been
taken ut New Egypt, Squankum, Shark River, and Deal, but the distances
in which the marl is exposed, are so short that the results can be given only
approximately. Itis judged, however, that the descent is about twenty-five
feet per mile,

The absence of well-defined and extended layers in the clay marls, as
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well as in the plastic clays, have hindered getting as good results on the
amount of dip in these formations as in the marl beds. Their general
southeastern dip is very evident. The fire-clays at Woodbridge and at
Whashington, 8. R., arc between seventy and eighty feet above tide, while
Whitehead’s fire-clay pits on Burt’s Creek, which is two miles southeast of
them, is only fiftecen or twenty feet above tide-water. This would give
about thirty feet per mile descent. The bed of lignite at Cheesequakes also
dips to the southeast. or other proofs reference must be made to the ap-
pended table of heights and to the map and sections.

Thickness of the Formation. There have been no borings down through
the whole of thesc strata so as to measure their thickness, and we are
obliged to measure the different parts as they are exposed in gulleys, hill-
sides, or artificial openings in different places, and add them together. The
results arc given in the following table, and details are given in the descrip-
tion of the various strata:

Plastie Clays. .o i e et i e %10 feet.,
. Clay marls.......covvii i it ean e e tae e R i
Lower marl bed. oo, . i e e e i aae e 80
Red sand, vt oo i i e e e eeove.. 100 %
Middlemarl bed ... ... . e e e e 45 ¢
Yellow 8and. ..o oot i e i e e e e iee s eaeaaeaaaea 43 «
Uppermarl bed.... .. i HY

\/ Total thickness,. ........ ... ... 0. oun e e 740«

Grovocrear! Acu—This formation is all included in the Cretaceous IPe-
riod, excepting the the upper layer of the Upper Marl Bed, which belongs
to the Eocene portion of the Tertiary. Of the three modes of determining
Geological Age, viz.: by superposition, mineral composition, and organie
remains, the latier is prineipally relied on in the present case. At Trenton
this formation lies divectly npon the gneiss, which is of the Azoic Age, and
its lowest member, the fire-clay, appears to have been formed from the felds-
pathic portions of this gneiss by decomposition.  Along the Belvidere and
Delaware Railroad cut, in Trenton, the formation of kaolin and clay from
the decomposing guneiss can be seen, in the masses of quartz, mica and clay
which are inter-laminated with the unchanged gneiss. At Flood’s granite
or kaolin pits in Woodbridge, the same mixture of quartz, mica, and white
clay is to be seen, though there is no solid gneiss or granite rock. The gneiss
rock is found at Trenton, on the west side of the state, and it is also found
on the west bank of the Hudson, at Jersey City, and at the Quarantine Land-
ing, on Staten Island, which is in a line between the two. The white clay
iz found entirely across the state, and as its contact with and origin in the
gneiss can be seen at Trenton, it may safely be assumed to be thesame
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throughout. The red sandstonc lies npon the northwest horder of the
same gneiss at Trenton, and also at Jersey City, and where the disinte-
grated gneiss lias been sorted by the action of water into clay, sand, and
mica, which arc deposited in beds, as is the case in most places abou
Woodbridge, Perth Amboy, and South Amboy, the clay overlies the sand-
stone. A fine example of this is scen on one of the roads from Fairfield to
Perth Amboy, where there is a considerable hill of red shale, with the light-
colored clays in every direction, and fine hanks of kaolin (clay and fine
sand and mica), and white sand skirt it on the south. Trom this it may
safely be considered as of a more recent age than the red sandstone.

The name, Cretaceous, was given to this formation in England, on
account of the white chalk which is there a congpicuous member of it.
The name is retained among geologists even when the chalk is wanting,
as is the case in this country. The mineral substance, greensand, is found
in rocks of many different ages, but nowhere else so abundantly as in the
Cretaceous rocks of Furope, and of the United States. This common
characteristic is not without weight in determining the ag’o of the forma-
tion.

The organic remains of the formation are very abundant, and furnish
satisfactory evidence upon the guestion of Geological Age. In the lowest
part of the plastic clays, at Fisher’s brick-yard near Woods’ Landing on
the Raritan, there is a bed of sand and sandy clay which is full of impres-
sions of leaves, twigs, cones, ete., beautifully preserved. Among these arc
leaves resembling those of the willow, sweet-gum, magnolia, poplar, pinc
and many other broad-leaved plants, which are considered by geologists as
indicating a period not earlier than the Cretaceous. The bones of enor-
mous crocodiles and other saurians are found in immense numbers in the
clay-marls and in the beds of greensand ; they are usually found scattercd,
a single one in a place, but sometimes almost a whole skeleton is found
together. They liave been collected in many places. The Academy of
Natural Seiences at Philadelphia has probably the best collection of them.
There are a good many in the Museum of Rutgers College, and public and
private collections in all parts of the country contain specimens, These
saurians have not been found in any age in such numbers since the Cre-
taceons.

Tossil shells are more abundant and better preserved than any other
animal remains, Being so much less perishable than others, the entire
series of them, in all geological periods, is more complete; and from them,
inferences regarding the condition of the earth at that time, can be drawn
with more safety than from any other kinds of organic remains. The
fossils of this formation have been extensively collected as objects of scien-
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tific interest, and the greater portion of them have been described in the
transactions or journals of learned societies. T. A. Conrad, Esq., of Phila-
delphia, one of the earliest and most diligent of the laborers in this field of
research, has prepared a “ Synopsis of the Invertebrate Fossils of the Cre-
taceons Formation of New Jersey,” which will be found in Appendix C.
The remains of fishes, especially the tecth, are very common, but there are
no satisfactory descriptions of them. The reptilian remains have lately
been made the subject of a Monograph, by Prof. Joseph Leidy, of the
University of Pennsylvania. It is published in the volume of the Smith-
sonian Contributions to Knowledge. Tor a list of those deseribed, scc Ap-
pendix. Some of the shells of most common oceurrence, in each of the
marl beds, will be figured.

“The Cretaceous beds of Europe have been divided into—

“1. The Lower Oretaceous, including in England the Lower Greensand,
800 to 900 feet thick, and in other regions beds of clay and limestone, some-
times chalky.

“9. The Middle Cretaceous, including in England the clayey beds or
marls called G'awlt, 150 feet thick, and the Upper Greensand, 100 feet.

“3. The Upper Cretaceous, ineluding in England the beds of chalk, in all
about 1,200 fect ; it consists of the Lower or Gray Chalk, or Chalk Marl,
without flint; the White Chalk, containing flint; the Maestricht-beds,
rough friable limestone at Maestricht in Holland.,”—Dana.

Messrs. Meek & ITayden, who have explored and studied the Cretaceous
Formation in the region of the Upper Missouri, have visited localities in
New Jersey, and inspected the results of the late Geological Survey, pro-
nounce our plastic clays to belong to the Earlier Cretaccous, and the other
members of our series to belong to the Later Cretaceons. [See Proe. Acad.
Nat. Sci. 1857, 127 ; 1861, 426.)
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’ CHAPTER III.

THE PLASTIC CLAYS.

Tnx portion of New Jersey where these clays vuterop is ineluded between
the Delaware River on the west, and Raritan Bay and Staten Island Sound
on the east. Its northwest border is the line of this formation given in
detail on page 239, Its southeast horder can be traced from the shore of
Raritan Bay a little south of Oheesequake’s Creek in a southwesterly direc-
tion, in a line passing north of the village of Morristown, and on just south
of Jacksonville; then across the country by the house of the late Parker
Brown to the little village called Texas, on the Matchaponix Creek; and
from thence dircetly on, passing abont a mile south of Jameshurg Station,
and crossing the Camden and Amboy Railroad near Cranberry Station, it
passes about a half mile north of Hightstown, and thenee in a line a guar.
ter of o mile north of the Railroad to the Delawave at Bordentown. It
follows the bank of the river to Wincora, from which place it is extremely
difficult to trace it*with accuracy, the characteristic clays being entirely
hidden by superficial deposits and soil, except in the banks of the streams.
Guided by these marks the line has been drawn. Tt follows near the line
of the railroad east of Florence; a half mile cast of Burlington, crosses
the Rancocus a mile above Bridgeborouwgh and the Pensauken, some
distance above Cinnaminson bridge; it comes to the bank of the
Delaware again at Gloucester city ; it passes back of Red Bank, crosses
Woodbury Creek a mile above ifs mouth, Mantua Creek near Pauls-
bore, and Raccoon Creek a mile above Bridgeport; thence it continues in
the same direction to the Delaware near Pennsgrove.

Sois.—The soil of this tract is extremely variable in quality.  Along the
whole of its northwestern border, however, it is a loam varying from light
sandy to sandy, gravelly, and clayey, susceptible of a high degree of im-
provement. Some portions of it are sandy. The origin of these soils is
in the materials which nnderlie them, except that on the south banks of
streams, here as well asin all parts of the state, south of this, the soil is

32
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much more sandy than on the north banks. The two sides of South River
at Old Bridge give a good example of this curious fact in the district now
under consideration,

The various layers or strata into which these plastic clays arc subdivided
can only be seen, in part at any one place, and the whole must of course be
made out by combining the various separate observations,

At Trenton the East Trenton Poreelain Co. dig fire-clay on theu lands, a
mile east of the city, and on the north side of the Delaware and Raritan
Canal,  The clay lies from two to six or cight feet beneath the soil, and is
ina layer four or five feet thick. The upper surface of the clay ig uneven
as if it had been washed into little hillocks and gullies, and it is covered
in part by an open quartzose-sand, and partly by the clayey Joam of the
soil.  The ¢lay at the bottom is sandy and discolored, and they do not dig
it.  The gneiss rock, however, is cut in the bottom of the canal, along these
grounds, and the clay must lie directly upon it. At Millham, opposite this
loeality and on the south side of the Assanpink Creek, the same quality of
clay is dug by Mr. Davis. Itis on much Jower ground and is covered by
several feet of surtace soil,

The fire-clay at Woodbridge is mostly dug on ground elevated from
thirty to eighty feet above tide; it is covered in many places with 2 heavy
coating (1-10 feet) of red sandstone drift, and under this a bed of black and
astringent clay of varying thickness is found, and then the fine white clay,
which may be from five to fourteen fect thick. The following measure-
ments of clay were taken about Woodbridge in 1855 :

In the bank of Thompson & Drake there is—

8-12 feet black clay next the surface.
5 feet sandy firc-clay.
1-2  feet fire-sand.
6-12 feet best fire-clay.
5 . feet sandy fire-clay.
8 feet white sand.
In the bank of Samuel Dally, after the carth is removed, there is—
2 feet sandy fire-clay. . '
14 feet fire-sand.
10-12 fect best fire-clay.
6 feet firg-sand.
In the bank of Peter Melick there s, after the top earth is removed—
6-18 feet of best fire-clay.
2-4  feet fire-clay containing red stains,

2 feet sandy firc-clay.
Sand. :
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In Hampton Cutter’s bank, which is some distance southeast of the others,
and on lower ground, there is—
3—4 feet of loamy earth next the surface.
7-8 feet of fire-clay.
7-8 feet of sandy fire-clay.
There are several other banks opened in Woodbridge, but these are sufti-
cient to give the arrangements of the layers of clay.
The fire-clay is—
90  feet thick in Kreischer’s bank, Staten Island.
.10-20 feet on the Kearney property, near South Amboy.
12 feet at Coleman’s, Burt’s Creck.
19-14 feet at Gordon & Co’s, Burt’s Creek.
4-7 feet at Bolton’s, near French’s landing.
9-3 feet at Whitchead’s, Washington.

At Sonth Ammboy, Kearney’s fire-clay pits are on the high ground, north
of the village, and at points a little higher what is called kaolin is found.
To the south of Woodbridge, and on much higher ground than the clay
bed, there is found on Isaac Flood’s land a bed of apparently decomposed
_granite ; coarse angular grains of quartz, with decomposed feldspar mixed
through it, and numerous very small scales of mica. Still further south,
and on lower ground, this bed is opened on lands of Mr. Demarest, Mr. J.
D. Torbes, and Mr. Inslee. In these the material is mostly finer than at
Mr. Flood’s, though some resembles his closely. Tt iz of a blnish-white
color, sandy in consistency when drained, but pasty when worked up in
water. Itisa very fine micaceous sand, with some fire-clay intermixed,
and streaks of clay passing through it. It is called kaolin by the people of
the vicinity. Still further south, and on lower ground, this bed is worked
by Mr. Hall and Mr. Watson, near Perth Amboy.
Tt is 2-3 feet thick at Mr. Flood’s ;
-8 feet (probably) at Mr. Demarest’s ;
10-12 feet at Mr. Hall’s.
The bed is underlaid by a dark-colored but refractory clay.
On land of Mr. James Parker, the kaolin is dug extensively. It is over-
-laid by

5 feet of sandy and nottled clay.
9 feet of kaolin.
yvellow clay at bottom.
The kaolin bed is ent in the streets of Perth Amboy ; it is dug three-
quarters of a mile back of Ellis’s point, on Staten Island, where it is twenty-
five feet thick ; and on the southwest of the Raritan it is dug by Mr. Roberts
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on the Kearney property; by Mr. Such, Whitchead, and others at Burt’s
Creck ; by Mr. Sayre above French’s landing, and by Mr. Whitehead on
the hill at Washington. Tn the last two it is seven feet thick, and under-
laid by black clay. On Staten Island, and also southwest of the Raritan,
the kaolin is overlaid by fire-clay.

At the brick-kilns, on the south bank of the Raritan near Wood’s dock,
there is a bluft bank sixty feet high, which is being cut away by the river,
in which a fine section of the strata is exposed.

[Its divisions from the top downwards are—
10 feet sandy clay. *
10 feet laminated clay.
25 fect sandy clay, with branches and trunks of trees in form of lig-
nite and iron pyrites,
G feet of white sand.
4 feet of clayey sand, containing leat impressions,
5 feet white sand. .
Tide-water.
Fig. 58 exhibits the position of strata at this intersecting locality.

Fre. 58,

B i omytHE L, ST PN A Wh it L e,
il - Rt *

—_ - e o . ,‘nn.“
Bl K B T,

C e el T

This serics of strata underlies the fire-clay and kaolin of the vieinity ; it
being seen to dip to the southeast about thirty feet to the mile, and the bed
of fire-clay and kaolin is about a quarter of a mile southeast and seventy-
five feet above tide.

The columnar section on the following page (Fig. 59) gives the varieties of
clay exposed in the bank of the Crossman Clay & Manufacturing Company,
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on the north bank of the Ravitan, two miles above Perth Amboy, and proba-
bly gives the succession of strata immediately ahove those in the preced-

ing Fig. 58. The deep cut in the Camden
pi and. Amboy Railroad, one and

il ard .
Hrrin o e a half miles ont of South Am-

boy, is almost entirely in a
tough and dark-colored 'clay,
and on the right of the Bor-
dentown Turnpike, about amile
from Raritan Bay, a dark-col-
Laminated clay, ored fire-clay is dug by Mr.
Pharsan, at a height of seventy-
six fect above tide. Potters’
clay is dug at South Amboy,
along the shore of the bay;
it is also dug at Morgan’s clay-

<

w0 2 S . B

g Fire ciay—a little banks, two 1niles south of the

<) depot, and on the bay shore.
Sund and clay with Several pits are opened at the

liznite and iron pyrites.
lead of Cheesequake’s Creck

by N. Forman and others.
On Raritan Bay, the pits
showed this section :
Fire clny. 11-25 feet of sand next the
surface,
5T feet of black clay.
Tire clay—sandy. 9-17 “ of blne  stone-
ware clay.
Fire clay—very sandy. . 1--8 feet of an ash-colored
sand, coal and pyrites.
§-13 ft. of stone-ware clay.
Morgan’s clay-bank, adjoining that above, was worked near the shore,
and the clay was thinner, but when worked farther in the bank, is similar
in thickness. :
At the head of Cheesequake’s, Morgan’s bank is—
15-16 feet of sand.
T feet of black clay.
10 feet of potters’ stone-ware clay.
At the pits of N. Forman, there is—
3-10 feet of sand.
10-15 feet of black clay.
14 feet of stone-ware clay.

Drick clay.
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At the Amboy Clay Company’s bank, they dig about 18 feet of stone-
ware clay.

In all these banks the clay is very variable in thickness, being uneven,
both at the top and bottom.

The white clay, corresponding with the potter’s clay of Amboy, can be
secn at very many places in the central and western part of the state, but
is not extensively worked or fairly exposed in section at any place that has
Deen examined in the survey. At Florence the bluff has as much as twenty
feet of sandy white clay at its
Surface earth. base. Light-colored clay for
potters’ use has been dug at Mr.
Austin’s, on the Rancocus, a
mile above Bridgeboro. A few
hundred tons a ycar. have also
been taken from Mr. Benjamin
Lodge’s bank, at Billingsport,
on the Delaware. It is a blue
clay, and the layer is from eight
to fiftcen feet thick. It lics
partly below the tide-level. On
Raccoon Creek, a mile above
Bridgeport, in the bank and
ghore of the stream, a very te-
nacious yellowish-white clay is
; found in. abundance. It is on
A1 Lignite. the land of Samuel H. Cooper.

In the vicinity of Cheese-
quake’s, on the south side of the
Clay and lignite. creek, and but » few fect above
the potters’ clay, a layer of
lignite oceurs. On the Thomas
property it is opened in a bed
fally four feet thick, and is un-
derlaid by a dark-blue clay. A
mile farther southwest, on land
of Mr. E. Ilardy, it is exposed
in a raving, in a layer one or
two feet thick. It is here seen
8 Plastic clay. to be overlaid by a bed of yellow-
ish whitesand, twenty or thirty

== . feet thick. Fig. 60 of this bed
of lignite at Cheesequake’s shows the relation to the potters’ clay below,
and to the white sand and clay marls above.

On the north bank of Whale Creck, and near the shore of Raritan Bay,
a shaft has been sunk, which descends through

Clay marla,

1 White sand.

oL

09

Band.

e Clay and lignite,
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20 feet of yellowish and clayey sand.
13« lignite. 1
13 ¢ clayey sand.
3 ¢ coal
13 ¢ claycy sand.
4 “ lignite.
This bed of lignite has not been discovered anywhere southwest of the vil-
fage of Jacksonville.
The Ded of sand which is the upper member of the plastic clay series, is
scen in the shaft which was sunk on the roadside just north of the village of |
Morristown, where the dark-colored clay, containing granules of grecnsand,- |
was passed through,and a bed of
pure white sand was penetrated
for twenty feet or more. At
Bordentown the lower mem-
bers of the elay-marl series are
finely exposed in the bank near
the machine-shop, and under-
neath these a bed of beautiful
- white gand is exposed, which
continues downward below the
tide-level in the Delaware.

Fig. 61 represents the suc-
cession of layers at Borden-
town. A similar section is also
to be found at the briek-yard
at Kinecora, on the bank of the
Delaware, below Bordentown.

By combining these observa-
tions, the following columnar
gection has been constructed to
show the order of occurrence

) Surface earth,

Clay marls.

Oy

T9

Clay, ligrnite, and iron

prrites.
and thickness of the principal
strata: Feet.
Sand and clay, interstra-
tified in thin layers. 1¢.
: White sand............ 30,
| Sand and clay Iayers. Lignite beds.......... 12.
Black clay and lignite.. 10.
Potters’ clay.......... 15,
SBand and clay........ 52.

Fine clay and kaolin. .. 21.
Clay and sand, in beds.. 60,

White sands,

210.
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This section is made principally from facts collected on the two sides of
the state, and mostly upon the side next the Raritan River and Bay. In
the central part of the state where the ground is 140 or 150 feet high, the
natural beds are more covered with surface deposits of gravel and sand,
and are less cut into by streams. There ig, however, good reason to believe
that underneath the surface the same order of beds will be found that is
given in the columnar section. In places where beds of clay are sought for,
the search is made by boring down into the ground with a common inclt or
jnch and a half’ auger, the shank of which has been lengthened by welding
on arod or small bar of iron of the desired length, and the handle of which

-hag been fitted to slide up or down on the shank and fasten by a wedge or
get-serew.  With such an instrument the ground can be satisfactorily tried
to the depth of from 10 to 25 feet for a very moderate expense, and where
the ground is flat, such examinations are absolutely necessary. It should,
however, be borne in mind that the layers of clay, sand, lignite, ete., are
pretty uniform in position, thickness, dip, and strike; and a carcful study
of these may enable a person to find in the hanlk of some neighboring gully
or sone hillside, almost without expense, the very same layers, which would
require some labor to reach by boring, and still more by sinking a ghaft.
A shaft was lately seen dug, at a heavy expense, on the Itow of a hill, in
searching for coal, when the very strata passed through counld be seen com-
ing out to the surface on the side of the hill only 200 or 300 feet distant.
Tt must also be borne in mind that all these layers have their ouferop in the
belt of country marked on the map as belonging to this formation ; that
the lower layers only are to be found along its northwest border, while at
the goutheast border the upper layers will be found on the surface, and by
boring down the suecessive layers will be met, those whicl are on the sur-
face at the northwest being the lowest.

Oreaxic Revamvs.—Shells and casts of the genus Undo, the common
fresh-water mussel, have been found lately by Prof. Cope in the brick-clay
at Fish-house, on the bank of the Delaware, four miles above Camden ; and
Mr. Conrad has found some other small fresh-water shells in the clay at
Grige’s brick-yard, on the right bank of the Raritan, three miles below New
Brunswick. Some intelligent workmen engaged in digging potters’ clay .
near South Amboy, assured me that they had found shells in an ash layer
in the middle of the potters’ clay-bed, but T could not get any specimens.
Vegetable remains are abundant. The leaftbed on the banks of the
Raritan, near Woods’ dock, has been mentioned on page 252. Trunks
and branches of trees are everywherc to be found in the dark-colored
clays. In opening some of the clay pits cart-loads of them might be
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saved. They have the structure of the wood, and the form, except that
they are considerably flattened ; sticks lying horizontal and two inches
broad, may be only from a Lalf inch to an inch thick. The wood is
of a dark-brown color, and quite brittle. It burns with a blaze, and
with about as much smoke as wood, and with a peculiar odor. When
exposed to the air and dried, it cracks across or splits up into small frag-
ments. Lumps of iron pyrites are found.in the larger pieces, and it is
very common to find the smaller sticks surrounded by knots and rings of
the samo substance. Some of the trees are quite large, two or three feet in
diameter. Mr. Clark, of South Amboy, stated that in digging a clay-pit he
came upon the trunk of a tree that was four feet in diameter; in successive
pits dug afterwards, the same tree was cut across, and in this way it was
followed up until a length of 93 feet was uncovered, and the diameter had
diminished to 10 inches. Most of the material in the lignite bed is homo-
geneous in structure, and docs not present any appearance of wood, but
fraginents of wood are found in it to some extent. The wood has not been
examined microscopically, but from the leaves found, from the bark, and
from the rings of annual growth, the evidence is conclusive that the age of
broad-leaved plants was then begun.

33
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CHAPTER 1V.

CLAY MARLS.

Tuar part of the Cretaceous Formation which is designated by the above
name, lies immediately upon the Plastic Clays {see last preceding figure)
and its outerop is seen in the belt of country adjoining them on the south-
east. They have Raritan and Sandy Hook Bays on the northeast; on the
northwest they follow the southeast line of the Plastic Clays to Borden-
town, and thence onward in a nearly straight line, which is drawn on the
map, to the Delaware, below Pennsgrove. On the southwest they border
on the Delaware River, and on the southeast they join the Lower Marl
Bed, which is fully deseribed farther on.

Soils. Two very distinet varieties of soil are to be seen in this forma-
tion ; varieties which originate with the strata underneath them. Along
the northwestern side, and for nearly half the breadth of the formation the
soil is generally heavy, but retentive and susceptible of a high degree of
improvement. The vemaining part, being the southeastern portion, is a
sandy loam. This soil is admirably adapted to the growth of early crops
and market-garden products. Some of the most productive parts of Mon-
mouth, Burlington, Camden, Gloucester and Salem Counties are upon this
formation.

GroLocicaL StrucTurE—In the banks of streams or ravines, on steep
side-hills, or in cuttings of roads and railroads where this formation is fairly
exposed, it is everywhere characterized by reddish crusts of oxide of iron.
Deeper beneath the surface, or where it is always moist, it is seen to be com-
posed of beds of dark-colored clay and sand, with more or less of lignite
and iron pyrites, but algo containing small quantities of greensand irregu-
larly scattered through the clay. The grains of greensand are smaller than
grains of gunpowder, the most of them passing through a sieve with meshes
& of an inch in diameter, These grains may vary from black to olive-green
upon their surface, but when crushed upon the nail they always show a
light-green color.
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The formation is well displayed along the bank at Matavan Point, where
there is an exposure of the dark clays and lignite for nearly a mile along
the bay-shore. TFollowing the bay-shore below Keyport and Union City,
clay formations are indistinctly exposed. Farther onm, at the base of the
Highlands, the clay containing greensand is entirely wanting, and in rising
on the slope up to the Lower Marl Bed, the material passed over is sand,
thinly laminated by films of elay. Computing from the breadth of country
passed over and the dip of the strata, the formation is two hundred and
seventy-seven feet thick, of which the clay and greensand strata make up
one hundred and seven feet, and the laminated sands the remaining one
hundred and seventy feet. At the shaft sunk in searching for coal east of
Jacksonville, the dark clay containing grains of grecnsand was passed
through for fifteen or twenty feet before reaching the white sand of the
lower formation, It is also exposed in a ravine on the farm of Enoch
Hardy, near the same place. Hore and at a number of other places in the
vicinity it has been dug for marl, At Ten Eyck Brothers, near Matavan
Bridge, a scetion is exposed in the side of the road deseending to the Lridge.
From the house downwards for thirty feet the material is clayey, but the
strata not plainly exposed ; then there is a bed of greensand and clay inter-
mixed, five feet thick ; next five feet of chocolate-colored clay ; below which
there is seventeen feet of a Dblack micaccous clay, which descends to the
creek. ’

At Bordentown, near the raitroad shops, the dark clay containing green-
sand is well exposed, and is seen resting on the white sand of the lower
formation. It is seen very finely also at the Kincora brick yard, three
miles below. At Shelltown, on Crosswick’s creek, the clay and grecnsand
is seen in the south bank by the roadside, while immediately south of this,
and along the road up the slope of Red Hill to the Lower Marl Bed, only
the laminated sands are to be found. Tarther to the southwest, the surface
of the country is such that the meeting of the strata of different kinds is
not exposed, but there are openings in many places where one or the other
of these characteristic strata is exposed. No interest has been attached to
the laminated sands, except as the basis of a warm soil suitable for early
erops; but there have been many experiments made with the clay and
greensand layers, to test their nsefulness as fertilizers.

Looarrres.—The clay marls have been dug as fertilizers by Enoch Hardy
of Jacksonville, Ten Eyck Brothers of Matavan, J. B. Johnson at Texas
cast of Jamesburgh, Daniel Prest of Strong’s mills, Charles Craig in Mana-

_lapan, Joseph H. Van Mater and Lewis Rue near Englishtown, Joseph
J. Ely two miles west of Perrineville, Henry Taylor west of Imlaystown,
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Upper Freehold at Waln's mill, by Miller Howard Shelltown, at Jack-
sonville Burlington County, Charleston, Centreton and Irish Wharf on the
Rancocus, by John E. Hopkins of Haddonfield, C. Grover and Wesley
Budd, near Mount Ephraim Camden County, and Benjamin Tatem below
Woodbury Gloucester County. '

The laminated sands can be best seen along the base of the Navesink
Hills, on the bay side. They can also be seen on the northwest and lower
slopes of the Mount Pleasant hills on the Freehold and Jamesburgh Rail-
road, from Englishtown to the battle-gronnd and on the west slope of
Red Hill, between Monmouth and Burlington Counties,

Fossius.—Shells and easts of mollusks are found in this formation, though
trom the much fewer excavations in it, they are not so commonly seen in
collections as those from the marl beds. The Ammonites Delawarensis
Baculites ovatus, Scaphites . Pyenodonta vesienlaris, and some others
have certainly been found in it. So few shells have been collected from
this formation by those engaged in the survey that a full list cannot
be presented. Most collectors have mixed the specimens from the different
marl-beds all together, so that the range of any particular species in the
series of strata canuot be determined, und in many cabinets of fossils, those
from the cretaccous forreation arc only marked as coming from New Jer-
sey. Lignite is found in considerable quantity in some localities, though
not by any means so abundantly as in the plastic clays.
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CHAPTER V.

MARL BEDS.
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The series of strata com-
prised under this name, in-
clude those beds of greensand
which have obtained. so high
a reputation, under the name
of marl. The district in-
which they have their out-
crop is widely known as the
marl region, and occupies a
strip of country from six to
fifteen miles wide, and stretch-
ing” from the ocean below
Sandy Hook to Salem on the
Delaware. The soil over this
distriet is more or less sandy,
remarkably free from stones
and boulders, and in most
parts in a high state of cultiva-
tion and very productive.
When cxposed in natural or
artificial sections several well-
marked beds and layers can be
characterized, as detailed in
the accompanying columnar
section, Fig. 62,

These several beds having a
strike of 8. 55° W. and a dip
to the southeast of twenty to
thirty feet per mile, have their
outcroppings in the order of
their occurrence, thag which is
lowest appearing farther to
the northwest and that which
is higher in the series far-
ther to the southeast. A line
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69 O

: Top earth,

; Micaceouns clay.

Mnrl with elay and
shella,

Lower Marl bed,

Band marl.

Laminated sands,

marked “ Register line,” is
drawn across the map, which
shows all parts of the
lower marl-hed, which out-
erop at the level -of tide-
water.  Thosc parts which
are thirty feet above tide
appear a mile northwest of this
line. Those which are sixty
feet above, two miles north
west and go on. The same
principle holds true of the
Middle and Upper Marl
Beds ; their exposure on the
surface is represented upon
the map by a very irregular
line; it is, however, an exhi-
bition of the beds as they
occur, and is caused by an
inequality of heights of the
surface in different places,
and the remarkable uni-
formity in dip and strike
of the beds.

The eight cross sections of
the marl beds are arranged
on the map in reference to
the same register line. The
map, however, with its col-
ored outlines and its co-
luomnar and cross  sections,
shows at o glance what the
fullest description in words
can only imperfectly explain.
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DETAILED DESCRIPTION OF THE DIFFERENT BEDS AND
LAYERS OF THIS FORMATION.

Lowrr MagrL Bep.—The subdivisions of the lower marl bed are plainly
marked in all the eastern part of the state. The columnar section, Fig. 63,
on preceding page, shows these subdivisions fairly. It was made from a
measured section at the Highlands on Sandy-Hock Bay.

Sand Marl. A layer of open sand with scattering rounded grains or
small pebbles of quartz, and a small percentage of greensand. It containg
numerous fossil shells, and some phosphate of lime. It is a very distinet
layer, and the lines of division between it and the laminated sands below
and the blue marl above it are clearly marked. It is from two "to four
feet thick.

Blue Marl. This constitutes the chief part of the bed. It consists of
greensand mixed with a greyish and very fine carth, which makes from 10
to 80 per cent. of the whole. Much of this carth is carbonate of lime.
It effervesces strongly with acids. In places where it is worked for marl,
and horses or mules are obliged to stand in its mud, it is said to take off
the hair from the animals legs; and I am assured by those who have seen
it, that surfaces smeared with the muddy and fresh dug marl give off a
pale phosphorescent light. In places where the bed has been exposed to the
action of decomposing iron pyrites, the carbonate of lime has been entirely
removed, and much of the marl has become black in color and very
astringent.

This layer is about sixteen feet thick. Very near the middle of
it is a shell bed of from six to twelve inches thick, which is composed
almost entirely of valves of Pycnodonta vesicularis. The substance of the
shell is still thick and firm, and the shells closely packed in the mass. This
layer is a very characteristic feature in the marl-pits about Marlboro in
Monmouth County, and it is also plainly seen in some of the pits near Red
Bank in the same county, ten miles east of the former place. It has also
been recognised in the western part of the state. Fig. 64, on the follow-
ing page, shows the bed with the shell layer init, a section from Uriah
Smock’s at Marlbore, Monmouth County.
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Marl and Clay layer. "The blue marl
at its mpper part passes gradually into a
layer of a darker color, containing many
scales of mica and some dark-colored
Bluoman, 5andy clay. It also has some shells, par-
ticularly the Ostrea larvapin thin flaky
scales. This layer is ten or ecleven feet
thick, and at its upper part contains
34 Shell layer, SCArcely any greensand graims, It is fre-
quently found very astringent or acid
from the presence of sulphate of iron
(copperas) in it. The change in this
Blomarl. layer is very gradual from the bottom to
the top; the lowest being a pretty good
fertilizer, while the upper is scarcely
more than a black sandy and micaccous
clay.
Sand marl, Localities. The following series of
mar] exposures in the lower bed is pre-
sented to verify the general statements,
made abovein regard to structure, and to exhibit the line or belt of conntry
in which the ounterop of the marl occurs. There arc a great number of
others which are opened, and it is possible to increase the number until they
actually join each other, and the whole distance from Sandy-Hook Bay to
the Delaware River, has become one great marl-pit.
At the ITighlands, on the shore of Sandy-Hook Bay, the following section
was measured—reddish-yellow, or ferruginous sand of great thickness, lying
over the marl :

Fo oL

9 feet of black, micaceous and astringent clay.
5 feot of black clay as above, with some thin and flaky shells.

25 feet of muarl, greensand; tho upper part, for three or four feet,
mixed with the clay overit, the rest alinost, free from elay, and
consisting of marl grains, fine carbonate of lime, shells, and a
little sand. _

3 feet sand and small gravel, with marl grains and shells.

49 fect total thickness.

At the North-American Phalanx pits, on Hop Brook, in Atlantic town-
ship, Monmouth County, the black clay is seen overlying the marl, but not
in its full thickness. The following series of specimens, obtained at the dif-
ferent depths mentioned, were presented by Mr Charles Seara:
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At 6 feet, the sample is an average, and is a micaceous clay, dark-
colored, and containing some thin and tender shells, and a
few marl grains.

At 9 feet specimen similar to the preceding, but with more marl.

At 12 feet clay, with large percentage of marl grains.

At 15 feet marl withont clay, but with some fine carbonate of lime,
bluish-gray color.

At 18 feet same asat 15 feet, but of alittle darker color.

At 21 feet same as last specimen.

At 24 feet lighter-colored marl than the preceding, and containing
a large per centage of fine carbonate of lime.

At 23 feet same as the last specimen.

At 30 feet similar to the last, but o shade darker.

At 32 feet more of a bottle-green color, and the marl grains finer.

At 34 feet same as preceding.

At 36 feet same,

At 38 feet same.

From 21 feet down, the specimens were obtained by boring ; the boring
terminated in marl.

At the pits of Wm. Hartshorn, a m1]e and a guarter north of Freehold,
the following measurements were obtained :

Near his pits the overlying black ¢lay was found to be 11 feet. At the
pits, commencing at the surface—

3 feet dark micaceous clay, containing shells.

4 feet clay, with shells and numerous marl grains.

6 feet marl, grey, and containing shells and fine carbonate of lime.

154 feet marl, like the last, though varying slightly in color, some parts
being darker and others lighter.

The last distance was bored, and ended in sand, for which, if we add 3 feet,
we have a total of 424 fect.

In Monmouth County, on McCleas Qreck, Peter J. McCleas (]10‘5 20 feet,
of marl,

Opp051te Red Bank, and on the north shore of the Neversink River,
Wm. V. Conover digs 3 or 4 feet of greyish and rusty marl, below which
be has dug 21 feet in greensand. The greensand is dark-colored, having,
been permeated by sulphate of iron and most of the lime dissolved out.

In Nut Swamp, Mr. Wm. Smith says that he digs 20 feet in marl ; the
upper a dry and grey marl, and the lower part is black and astringent.

At Middletown, a fine exposure of the unchanged blue marl is to be seen
in the pits of Azariah Conover. He has dug 25 feet in it without finding

the bottom.
24
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Along the north slope of the Mt. Pleasant Hills, pits are opened from
above Middletown to near Marlboro. The marl is mostly somewhat
changed by atmospheric agencies, and by leaching.

At Mt. Pleasant, J. S. Whitlock has marl-pits at which a fine section is
exposed.  Over the marl 14 feet dark micaceons clay, then 4or 5 feet dark
elay and some greensand, 9 feet black marl, 2 feet shells, 7 feet marl fo
sand-marl.

‘Near Holmdel, on farm of Peter R. Smock, the blue marl is very finely
exposed, and the layer is dug into for 15 or 16 feet, and the best of marl
ohtained.

On the slope aloug the north side of Hop Brook, Rev. G. C. Schank has
marl exposed, in a seetion of which 10 feet at the top is a grey marl, then
14 inches of solid mass of shells; then 9 feet 9 inches of blue marl, under
which is 4 feet of sand-marl. :

At Marlboro, Monmouth County, Uriah Smock has marl-pits in which he -

w digs 2 feet top-dirt, 2 feet reddish-grey marl, 7 feet blue marl, 2 feet layer
of solid ehells, 10 feet blne marl, and 3 feet sand-marl.

On road from Freehold to Englishtown, near the old Monmoutl: battle-
ground, Dr. J. Conover Thompson has pits in which he digs 3 feet of red-
dish grey marl, then 7 feet black marl, and 4-5 feet blue marl.

On the Manalapan Creck, at Black’s mills, J. R. Perrine vpens the marl
layer about 20 feet in thickness.

At Manalapan Village, several persons dig into the marl 3 to 6 feet, and
then into the sand-marl and nnderlying sand from 4 to 8 feet.

At Perrineville, Wm. . Mount’s pits showed the following measured
section ; 2 feet top dirt, 2 feet sand and reddish-grey marl, 5 feot black
marl, 4 feet sand-marl.

Near Imlaystown, Michael Taylor, in digging his well, penetrated the
marl.

Nitnrod Woodward’s pits at Cream Ridge, expose about 12 fect of bluc
marl, and the sand-marl underneati.

At Arneystown, on the Province line Road, and on bank of small stream,

- the blue marl is dug by G. Lawrie and T. Wiles.

From this part of the bed towards the southwest, the marl is not so
highly prized as o fertilizer, the openings into it are much fewer, and con-
sequently the observations and measurements in relation to it much less
complete or satisfactory.

On the stream, three-quarters of a mile northwest of Jacobstown, Bur-
lington County, the marl is dug by Michacl Rogers and others ; it is said to
have been penetrated 27 feet.

This marl bed is opencd at Georgetown.
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On the Rancocus, a halt mile below Mt. Holly, Daniel G. Lippincott digs
marl from 7 to 20 feet.

At Hainesport, the marl is opened by Barclay Haines; T fect sand, green-
sand and light drab clay ; 7 feet black micaceous marl; then light-colored
sand.

A mile and a half south of Moorestown, John T. Davis tinds 2 to 3 fect
very pure greensand, 5 to 6 feet of sandy grey marl.

On the Pensauken Creek, in Camden County, on the Moorestown and
White Horse road, David Davis and Joseph Githens find marl 10 feet
deep, the lower 3 feet being full of large and eolid shells,

Bridge Kay finds marl on south branch of Cooper’s Creck, 2 miles from
Haddonfield ; layer is penetrated 10-15 fect.

On the Camden and Atlantic Railroad, a mile and a half southeast of
Haddonfield, J. Gill’s muarl-pits are located.

At Clement’s Bridge, on the Almonesson Creek, Gloncester County, the
marl has been dug,

The marl Lias also been dug at Carpenter’s Landing,

On Repaupa Creck marl-pits have been sunk.

On Raccoon Creck, above Swedesboro, the marl has been opened by
geveral persons,

Dr. Charles Garretson’s pits, 10 feet in marl.

The marl at Batten’s mill has been dug into 16 feet by Zebulon Batten.

Jolim W. Davidson has dug the marl on Church Run 9 feet above level
of pond and 16 feet below ; marl sandy and of uniforn quality.

The bed is opened on Indian Run and other small streams, between
Swedesboro and Sculltown.

At Sculltown, Salemn County, Sanwel Humphrey’s marl is exposed for 20
feet above tide-water, and 10 feet below tide.

On the Salem and Sculltown road, and on banks of Two-penny Run
the marl is dug by Samuel Borden and others.

Joseph Basset and W, Slape, near Marshallville, dig the marl.  They
pass through about 5 feet top dirt, then 12 feet marl, and then strike sand.

Rep Saxp.—This name is applied to the bed of sand, with its subordinate
members, which lies iinmediately over the Lower Marl Bed. In the Geo-
logical Report of 1854 it was named the Ferrnginous Sand Bed, but as
that nane has formerly been applied to all the sands of the Cretaceous For-
mation, this more specific and characteristic name hias been substituted. It
is from one hundred to one nmdred and ten feet thick. The mass of the
bed is composed of a very ferruginous and red sand. At some former time
this sand must have been almost white, for in many places nodules or tubes
of stone arc found, which on the outside have the wsual red color, but on
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breaking them open they are found filled with white sand. Indeed, all the
circumstances indicate that at some time since its deposition water, contain-
ing some salt of iron in solution, has filtered through it everywhere and dis-
colored it, except in those places where the iron solution has absolutely
cemented the sand into stone, and so formed a protecting coat for those
parts which had not before been penetrated.

The lower part of this bed, from ten to twenty feet thick, is o dark-
colored, sandy and astringent clay. The coloring matter of this portion of
the bed is protoxide of iron, and it only needs to be changed to a peroxide
to become as strong a red in color.as the rest of the bed, and, in fact, such
o change has taken place in many localities, so that this part of the bed
cannot be distinctly traced.

The upper portion of this bed, which lies immediately under the Middle

‘Marl Bed, is composed of a greenish indurated earth, in many places firm

enough to be considered as rock. In some places in the southwestern part
of this formation it is not indurated, and, being green in color and contain-
ing some phosphorie acid, farmers have used it as a fertilizer with profit.
Where exposed, it varies in thickness from ten to twenty-five feet. It is

separated by a well-defined line from the Middle Marl Bed, but below it

passes insensibly into the red sand layer.

Locavirizs.—Navesink Highlands, on shore of Sandy-Hook Bay, Mon-
mouth County ; hills near Red Bank ; decp cit on Raritan and Delaware
Bay Railroad; deep cut on Holmndel and Keyport turnpike; Beacon and
other of the Mt. Pleasant Hills; Sugar Loaf Hill; Freehold; Timmons
Hill; Cream Ridge; Red Hill, between Shelltown and Arneystown:
Arneys Mount and the mount at Mt. Holly, Burlington County ; banks of
Big Timber Creek, near Chew’s Landing, Camden County; banks of
Mantua Creek, above Carpenters Landing, Gloucester County; Richards
Hill; Mullica Hill ; banks of Oldman’s Creck, above Sculltown; and the
banks of Salem Creek, below Sharptown, Salem County.

The black micaceous sandy clay which constitutes the lower part of this
bed has been sufficiently referred to in the localities of the Lower Marl Bed.

The Red Sand layer, which is the principal member of the Red Sand
Bed, is to be found in all the localities given in the preceding list.

The Indurated Green Earth is dug for a fertilizer by J. P. Lafetra, near
Shrewsbury, Monmouth County ; it forms the ledge over which the water
flows at Tinton Falls; the rocky masses at the deep cut on the Holmdel
and Keyport turnpike are of this layer; it is the green clay south of West
Freehold, at Clarksburgh, on the Province Line road below Arneystown,
near Jacobstown Burlington County ; what is called green land in Camden,
Gloucester and Salem Counties, is the outerop of this layer. M. Benjamhi
Lodge, near Carpenters Landing, digs this indurated earth as a marl. The
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Top ecarth.

Green marl.

Ta. 65

Incurated green earth.

solid masses of large shells im-
bedded in green material, seen
at the roadside on Richards
Hill and in the bank at Mullica
Hill, are also of this layer. It
is softer in substance, and is dug
as a fertilizer by Mr. Robinson,
on Major’s Run above Sharp-
town.

Figure 65 shows this green
earth as it is dug by some of
the farmers along the brook
above Tinton Falls, in Mon-
mouth County. The green
marl overlying it is the bottom
of the Middle Marl Bed.

|

Mmpprr MarL Biep.—The bed of green sand to which this name is
applied, is composed of three distinct layers. Its section is well shown

upon the map, and also in Figure 66.

Lime-sand.

1 Limestone.

Lime-sand.

Fic. 66

layere.

Green marl,

Terehratula & Gryph

en

Green Mart Layer is an almost
pure greensand, containing but
few white shells, though casts of
shells, fossil-bones, ete., are not
uncommon, Where it has not
been worn away by denudation,
it is fully fifteen feet thick. At
bottom it terminates in the most
part of Monmouth County upon
the indurated green earth of the
Red Sand Bed. Farther towards
the southwest it terminates in a
chocolate-colored earth or clay,
into which it gradually passes.
At the upper part it terminates in
a layer of white shells, mixed
with green sand, which constitutes
the

Shell Layer. In a few places
these shells have been, dissolved
out by the action of sulphate of
iron, or other agency, and only
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the impure greensand is left when the line between this and the preceding

layeris difficult to determine. When unchanged this layer is white with

shells, principally those of the Pycnodonta vesicularis and Terebratula
harlani, which are so thickly imbedded in the greengand as to make half
the substance of the mass. Tt varies from four to seven fect thick with

an average of five feet. The lower two-thirds consists of the Pycnodonta
with scarcely any other shells intermixed. The upper third is almost

entirely composed of shells of the Terchratula. This remarkable and
plainly distinguished layer is found developed for the whole hundred miles
in which this bed is cxposed in New Jersey.

The Fellow Limestone or Limesand Layer, is the upper layer of the
Middle Bed. Tt is a mass of erumbled corals, sea-eggs, and other cal-
carcous matters, with a small pereentage of quartzose sand, aud scattering
grains of grecnsand. In Monmouth County it is always soft and erumb-
ling, but in Burlington, Camden, Gloucester and Salem Countics, the
lower part is in layors of a stony hardness, with layers of the softer mate-
rials interposed. This was called the Yellow Limestone by Prof. Rodgers,
and is much more fully developed in the states farther to the southwest.
In Salem County it has 2 thickness of 25 feet, but has not been seen qultc
so thick in any other place.

Locavrrizs.—In Monmouth County, on the beach at Long Branch, masses
of the cemented corals and other calcareous matter, also masses of cemented
greensand, are almost always to be found, At the Turtle mill, between
Eatontown and Long Branch, the limesand and part of the shell-layer are
dug into eight orten feet. Peter Casler, on Town-neck, has a pit in
the green marl which he has dug into for eighteen feet. The limesand is
dug on Mr. Woleott’s land, on the road from Eatontown to Shark River;
near Eatontown Geo. A. Corlies digs ten feet, and has bored seven feet
deeper—shell-layers about two feet thick' and four feet below the surface,
then eleven fect of green marl, without finding bottom; at Tinton Falls

Q,‘ "' Pierson Henducl\son digs ten feet into the marl; John S Cooke digs from

. L‘\JE;\"“ ™ four to six fect deep of the bottom of the green marl.  About Lalf a mile
il . 5 W south of Colt’s-Neck the marl is dug by several individuals; John Van
W Mater digs twelve feet init; at Pyle’s Corner the green marl layer is dug

into thirteen feet. About a mile southwest of Blue Ball several pits are
open; J. Shepherd digs ten feet in green marl; I Brinckerhoff digs about
five fect in shell-layer and thirteen or fourteen feet in the green carth; John
and Thomas Strickland have pits in which a part of the limesand the
' shell-layer and the top of the green marl are exposed. The bed is opened
at Smithville and at Burnt Tavern. Near Prospertown, on the Lahaway
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Creck, Ocean County, the following section was measured in the pit of
Anthony Van Hise, two feet top-dirt, four feet reddish marl, one inch iron-
stone, one to three feet black marl, ten to twelve feet hard green marl; at
Hornerstown John Goldy’s pits have three fect top-dirt, one foot reddish
marl, and eleven feet green marl, chocolatg marl at bottom. Samuel Hor-
ner, at New Egypt, has amar] bank in which there is exposed two feet top-
dirt, nine or ten feet of limesand, seven feet of shell-layers, and fourteen
feet of green marl. The limesand is opened at Cookstown; at Messrs.
Black’s, in Springfield, the marl is dug fourteen or fifteen feet deep; at
=== Juliustown the bed is opened in
1 Top earthn. several places ; the mark-pits of
S. R. Gaskill arc situated at
Pemberton; he digs three or
four fect top-dirt, three feet

I grey marl, eleven feet black
marl, ecight feet green marl
chopolate marl to  bottom.
Along the south branch of the

Rancocus the whole bed is ex-

.fgg Shell lnyer. posed in the successive openings
i between Vincentown and Eayrs-

E

town, the limesand and yellow
limestone in the pits farthest up
stream, the shell-layers in the
next pits below, and the green
marl in the pits farthest down
the stream; the same order of
layers is also seen along Haines’ -
Oreck. West of Medford, along
Sharp’s Run, there is also avery
fine exposure of the marl, from
fifteen to sixteen feet of the
green layer having been dug
into; at Marlton the pits of
Samuel DBrick, in which the
green layer for thirteen feet and
down to the chocolate marl is

iT.

Fre.

Green marl.

CGhocotnte marl. exposed, gives a good example

of the openings in that vieinity.
Passing the openings on every
stream between Marlton and
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White Torse, in Camden County, at the latter place, in the pits of Minor
Rodgers, six to thirteen feet of green marl are passed through and the
chocolate marl reached.  On the north branch of Big Timber Creek the marl
is dug at Brownsville, and at Laurel mill Ephraim Tomlinson has in his
bank full thirty feet of the bed—the limesand and yellow-limestone above,
then the shell-layers and the green marl. At Blackwoodtown the whole
bed ean beseen, by going along up the stream from Good Intent towards
the southeast ; David E. Marshall’s pits, shown in F ig. 67 (page 271), are
good examples of the bed, having on top six to twelve feet red or grey .
marl, seven feet pale-green marl, and from eighteen to twenty feet
of green marl, and then chocolate marl. On Mantua Creck there is an
e e unusually fine exposure of the
| mop cann whole bed; in the long line of
pits of the Messrs. Heritage,
(Fig, 68), at Hurfville, they show
this section:

Lime-gand. Top-dirt .. .... ...2-6 feet.

Limesand ...... .90

Yellow limestone.. 8 ¢

Limestone. Terebratula layer. 2 ¢

4 Pycnodonta layer. 2 ¢

Himestone. Gieen marl. .. } ... 18

% ] Terebratuln Jayer. Chocolate marl. ..

] d Gryphen ayer. Southeast of Barnsbero, in
ik Gloucester County, on the south

branch of the Mantua Creek,
are important marl-pits, one of
which is worked by the West
Jersey Marl Company, in a layer
containing twelve feet of green
marl, Along both branches of
Raccoon Creek the marl i3 also
; well exposed in theseveral layers.
] Chocolate marl. N. T. Stratton’s pits here show

A Green marl.

the following sections :
Girey calearcous marl. ... ... e e, 3 feet
Grey Bmestone............ovovuniviin ... 3«
Grey caleareous marl.................... SR g«
Grey Hmestone. ... ...oovivenin ..., + “
Grey calearcous marl and pgreensand............. 3«
Shell Iayers.....oovviiiiiein i, 4 ¢
Pale green marl............... e 6 «
Best green marl................... L 12-16 «

Chocolate marl.
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At Harrisonville, on Oldman’s Creek, there are good sections of the
layer shown and worked ; in Salem County, on branch of Oldman’s Creek,
near road from Woodstown to Mullica Hill, the layers of limesand, yellow
limestone, shell-layers, and the green marl are all finely shown in a thick-
ness of 28 feet; along Salem Creck, at Woodstown, the marl has been

worked very extensively; on Ni-
Fre. 69. komus Run, the whole bed is ex-
posed and worked by many per.
Top eartls, gons, The following section is
shown: @ feet limesand and yel-
low limestone, 4-6 feet shells, 15
feet green marl, chocolate marl;
along Major’s Run there is a similar
section exposed, and the chocolate
mar] was found to be 8 feet thick in
Limeston. Sam’] Prior’s pits ; David Petit and
several others dig marl along Man-
nington Creek and its branches; a
section in D. Petit’s marl meas-
ured in greensand 18 feet, in shell-
layers 4 feet, and in limesand 20
feet; at Wm, Barber’s yellow lime-
stone quarry is perhaps the finest
exposure of this léyer in the state;
he has dug 25 feet in it without
finding bottom ; it iz made up of
alternating tabular masses of lime-
stone and limesand (Fig. 69), the
stone from 4 to 12 inches thick, and
the limesand from 8 inches to 2 feet ; beyond these, marl has been found in
various places quite to Salem, but as yet in limited guantity.

P 4 A s ol g

Limc-sand,

Yrerrow Sawp Bep.—The limesand layer of the Middle Marl Bed, at its
upper part, becomes more and more mixed with quartzose sand, and finally
changes into the Yellow Sand Bed. This contains, in many places, a very
slight sprinkling of greensand granules; and in a few places in EKastern
Monmonth it has been observed to have just enough of a greenish clay to
make it pack well and form an excelient material for road making. Gen-
erally, however, only the sand is to be found, and as fossils have not been
found in it, there is no means of identifying it except by its relation to the
Middle Marl Bed. In the eastern part of Monmouth County this bed is

35
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between forty and fifty feet thick ; but in Camden County, which is its south-
western extremity, as far as determined, it is only from ten to twenty feet thick.

Tocavrmes.—Along the beach, between Long Branch and Deal, in Mon-
mouth county, sand with a small percentage of greensand granules is

Top earth,

1 Astringent clay.

Gravel,

A‘ Ash marl.

Qreen mari.

Fuller's earth,

Sand.

found ; near Oceanville Wil-
liam P. West has dug two fect
greenish clay and twenty-five
feet sand of pale-green color,
under which is sand just like
that of the sea-beach; Ru-
lief P. Smith digs into as
a fertilizer ; the very sandy
green clay near Maps’ mill,
on Whale Pond Creek, is of
this layer ; the same quality of
clay is found at the brick-yard
south of Tinton Falls, on land
of 'Wm. Marshall; beneath
the marl layer of the upper
bed at Shark River, sand with
a little greensand intermixed
is found; at the pits of the
Squankum Marl Company,
0. B. Kinney, after digging
through themarl and fullers’
earth, dug six feet and bored
sixteen feet, all in sand, con-
taining green and dark
brown grains. Fig. 70 shows
this section at the Squankum
Marl Company’s pits. In the
central portion of the state the
superficial deposits of a recent
date, together with the unset-
tled country, render it difficult
to trace this layer accurately.

Near the Ocean County line,
at the end of the bridge on
road south of New Egypt and
one mile from that place, the
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yellow sand is found; ncar Pemberton, Burlington County, this sand is
also to be found, and is dug into for marl ; at Medford, in the marl-pits along
the brook the Upper Marl Bed is dug through, and after passing the fullers’
earth, a layer of sand with grains of marl is found.

Urrer Mant Brp.—This bed of greensand is about thirty-seven feet
thick and is composed of three very distinct layers.

The Green Marl. The Squankumn marl of Monmouth County is a good
sample of this layer ; it is scventeen feet thick, and is almost all pure green-
sand, containing but few fossils and only a small per centage of clay. At
the bottom it terminates in a kind of white carth called white-marl or
fallers’ carth. Tt is overlaid by the ash-colored marl.

The Ash-Marl is not a greensand; it is composed of very fine sand
mixed with a greenish-white clay, stratified and flaky in structure ; it is very
uuiform in composition ; carcely any fossils are known in it. The heaps
of this marl look much like heaps of ashes, hence its naine.

The Blue Marl. This layer lies directly on the ash-marl, without any
well-marked line of division, and it is terminated above by surface-sand and
loam, or by what is called roften-stone ; it is eleven feet thick; it is a mix-
ture of grecnsand and light-colored earth ; the upper two or three feet are
guite hard and stony, so much so that it sometimes takes two or three years
exposure to bring them to a proper degree of fineness for agricultural pur-
poses. Though lying conformably on the layers beneath its fossils are quite
distinct and are pronounced by paleontologists to be of the Eocene division
of the Tertiary Age.

Locarizs.—In Monmouth County, at Deal, between the sca-shore road
and the ocean, there is aseries of marl-pits in which all these layers are ex-
posed ; beginning at the north and going south, Rulief Smith’s pits are in
the green marl, G. Henkrickson’s in the ash-marl, and Abner Allen’s in the
Dlue marl, cight feet. Along Poplar Brook the green marl is extensively
worked ; J. Gardner dug into it sixteen feet, and it is of nearly cqual thick-
ness in the pits of J. Howland and others. The blue marl is found eight
feet thick south of Poplar, about the head of Long Pond ; and west on
lands of S. Kirby and others. The ash-layer is ton feet thick, Along Shark
River the bed is cut by the stream and the several layers exposed. Hugh
Hurley digs eighteen feet in the green layer; Gieo. W. Shafto has dug ten
feet in the ash-layer ; J. T. L. Tilton has nine fect of the blue marl. Fig. 71
is a soction of Tilton’s marl-pits. Tt shows the stony layer whieh lies at the
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top of the blue marl, and separ-
Tou carthy ates it from the miccene or as-

tringent clay which lics on it.

Astringentclay. Along the Mingumhone, at Farm-

e [ ingdale, the whole green layer,
X to a depth of from twelve to fif-

teen feet, is opened in the pits of
Messrs. Buckalew and Corlies ;
farther down the stream the ash-
marl is opened and dug through
to reach the green layer below,
On the Manasquan are located
the diggings from which most
of the noted Squankum marl hag
been taken; on the north side
J. B. Williams, E, K. John-
o - ~-—— gon, W. Johnson, Benjamin Reed,
are on the green marl; Mrs. Allairc on the ash-marl; on the south
side, Messrs. Johnson, T. Longstreet, D. Longstreet, C. Matthews, T. Wind-
sor dig in the green marl, and J. 8. Forman and Mrs. J. P. Allaire in the
blue and ash-marls; the whole green marl is from thirteen to fifteen feet,
the ashrmarl eight to twelve feet, the blue marl twelve feet. On Timber
Swamp, ut the Old Manasse mill, are located the diggings of the Squankum
Marl Company, where the section is from four to ten feet top-dirt, from
four to six feet ush-marl, fifteen feet of green marl. From the Manasquan
to New Egypt, in Ocean County, this bed of marl has not been opened.
The country is mostly uncleared and the ground clevated, so that
the outerop is not so plainly marked or so fully exposed as in other
sections,

Blue marl.

seltmart,

The strip of country under which it lies has been colored upon the map,
and a proper search is sure to show the marl; the only question is as to the
thickness of gravel and sand which overlies it. The outcrop of this bed is
about two miles southeast of New Egypt; only the grecu mar] is found.
Tilton Wiles, John Trons and Charles Bussem have diggings opened, and
the bottom when reached is in fullers’ earth ; at Poke Hill, in Burlington
County, 8amuel E. Einley and others dig marl in this bed, finding the green
and ash marls.  Mr. Emley, digging 12 feet green marl (sce Fig, 72 on next
page for Emley’s pits), and Joseph Emley, at Hockamick mills, digs through
the ash-marl.  The bed is opened in a large number of places along the
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head-waters of the streams which
form the Rancocus ; above Pember-
ton it is well seen in the pits of J.
Forsyth, 8. Shinn and B. Shreve;
along the creek both the ash mari
and the green are exposed in the

Top earth, 5 {t.

Astringent elay, 11t.

Eﬂ pits of Dr. J. P. Coleman, Isaac
- Hilliard and others ; above Vincen-
g Greenmarl, 1272, town the marl i3 found on the

several branches which unite to
form the South Branch of the Ran-
cocus ; H. J. Irick’s pits near the
town, arc in this bed; along the
Jade Run both the ash-layer and
the green marl are dug, and also on
Ash Run where the most extensive diggings are made ; near Chairville it is
worked in the green layer; on Haines Creek, at Medford, and up to Oli-
phant’s and Christopher’s saw-mills, the green marl {s worked; it is from
cight to fifteen feet thick, and terminates in fullers earth ; at Clementon is
the most southwesterly exposure of the bed which has yet been found, it ig
in the pits of Hamilton Adams, George Lippincott and James Tomlinson, and
has been dug six or seven feet.

Fuller*s carih.

Muonaxical ANALYSES o (JREENSAND AS TAKEN FROM THE MARL-Brpg.—
Under this head are given the results obtained by washing and sifting marls
s0 as to determine the percentage of greensand grains, of clay and mud,
and of sand and gravel. The work was done by stirring up the marl thor-
oughly in water, and then pouring off the turbid water and leaving the
washed grains of marl with the sand and gravel. The water was left to
settle and the sediment was dried and weighed. The washed marl was alsor
dried, and the gravel and sand sifted out or picked out by hand and the two
parts weighed separately.

Examination of six samples of marl from the lower marl-bed :

1 2 3 4 5 6

Greensond.,.. ........ 58.4 75.0 65.0 52.56 40.8 25.6
Clay, ete. (sediment)...... 33.6 25.0 15.0 25.0 32.0 36.0
Quartz sand. ... ......... 6.6 2.5 18.7 7.2 38.4
Tron crusts.............. 0.7
Shells in pieces,...... ... 0.7 . .
Chocolate-colored clay.... .. 16.9 3.8 cee e

100.0 100.0 100.0 100.0 100.0 100.0

1 From Rev. G. C. Schonck, Marlboro, Monmouth Co.—a carefully averaged sample.
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2 From John Rue Perrine, Manalapan.

3 From John Rue Perrine, Manalapan.

4 Wm. II, Mount's marl, Perrineville—an average sample.

& Joseph Basset's, from Marshallville, S8alem County—an average sample.
6 Samuecl Humphreys, Sculltown—an average sample.

Examination of thirteen samples from the Middle Marl Bed :

1 2 3 4 5 6 7 8 9 10 11 12 13

Greensand 82,0 81,2 B4.8 903 88,6 7T1.4 77.3 901.3 89.0 711 ¢B.Y 86.6 743
Clay, &e., 17,2 17.2 8 7.8 11,6 28.6 21,1 7-8 11.0 289 17.2 12.5 ©21.8
1.9 e e ¢ ... ... 80,0 09 3.9

Quortz.... 0.8 1.6
Troncrusts .... ... B 4.1

100.0 100.¢ 100.0 100.0 100.0 100.0 100.0 100.¢ 100.¢ 100.0 190.0 100.0 100.0
1 From John 8, Cooke, Tinton Falls, Monmouth County—average.
2 From Charles Bennet, Blue Ball, Monmouth County.
3 From Charles Bennet, Blue Ball, Momnouth County—red marl.
4 From 8. R. Gaskill, Pemberton, Burlington County—average.
5 From Lawrence W. Jones, Medford, Burlington County—average.
6 From Inskip's Bridge, Burlington Counfy-—average.
7 From Minor Rodgers, White House, Camden County—average
8 From W. J. Marl Company, Barnsboro, Gloucester County—average.
9 From Thomas J. Heritage, Hurffsville, Camden County—average.
10 From David E. Marshall, Blackwoodtown, Camden County—nverage.
11 From David E. Marshall, Blackwoodtown, Camden County— average, red.
12 From N. T. Stratton, Mullica Hill, Gloucester County—-average.
13 From J. V. Dickinson, Woodstown, Salem County—average.

Examination of two samples from the Upper Marl Bed:

1 2
Greemsand. .. ... ovvh iieiieain e e e, R Y 16.6
Clays, &c.......ccoivnaann, e ereeeee i treaene e, 28.8 33.6
L 11 ¢ 25 3.0 49.8
100.0 100.0

1 From J. & 8. Butterworth, Vincentown, Burlington County.
2 From George Lippincott, Clementon, Camden County.

Examination of three miscellancous samples :

1 2 3
Greensand.. .. .. .t vt irne e s e 73.4 6.6 31.9
Clayg, &c..oovvn vt v eas Cerr e anee e, 26.6 332. 20.8
QUATEZ. v i i e e e ‘e 1.4 47.8
100,0 100.0 100.9

1 Chocolate marl, John Brown, Bally Ridge, Burlington County.
2 Substanceused as marl by John P. Craig, Gtlendale, Camden County.
3 Substance used as marl by Joseph Robingon, Sharptown, Salem County.

NEW JERSEY GEOLOGICAL SURVEY




MARL BEDS.

Ox tur MINERsLs GrLAUCONITE, VIVIANTIE, AND AMmBER.—(Hlauconite,
or greensand, which is found in considerable quantity in all the marl beds
and in the clay marls, is a mineral substance in the form of irregular
rounded grains, of a green color, varying from almost black through olive
to a light-green. Some of the graing seem harder than others, but any of
them can be easily crushed between the thumb-nails. The powder pro-
duced by erushing is always light-green. As the marls are found, they
arc mixed with clay, fine carbonate of lime, quartz-sand, small pebbles,
fossil-shells, ete. To examine the grains more carefully, samples of two
pounds cach were taken, one from the Clay Marls, one from the Lower,
one from the Middle, and one from the Upper Marl Bed. The sample of
clay marl was taken from near Ten Eyck Brothers, at Matavan, Mon-
mouth County ; that from the Lower Bed from the marl-pits of O. C.
Herbert, at Marlboro, Monmouth County ; the Middle Bed sample was
taken from the marl-pit of David E. Marshall, of Blackwoodtown, Camden
County ; and that of the Upper Bed, from the pits of E. K. Johnson, of
Squankum, Monmouth County. They were thoroughly stirred up in water
and the muddy fluid decanted. This operation was repeated until the
washing-water was no longer turbid. The water from each was allowed
to stand until it had settled clear, when it was poured off, and the muddy
sediment was dried and weighed. The washed greensand was also dried
and then sifted through a sieve with meshes one-thirtieth of an inch square.
This took ont quartz grains, lumps of marl, fragments of shells, ete. The
sifted portion was again sifted in a sieve, with meshes &; of an inch
square. That which passed this sieve was then separated by a sieve with
meshes & of an inch square; that is, the whole marl was sorted into

. Fine Mud.
. Girains less than 2, of an inch in diameter.

2
3. %  hetween & and & of an inch in diameter.
4_ 114 (19 3 13 144

‘

—t

1 1
= and &

h, © more than % e & i

TPercentage of fine sediment and of different sized grains obtained by
washing

1 2 3 4 i}

Grains less| Between | Between |[More than
Mud. |Sof an in.|g2 and =% and = &
Clay Marl yielded.......... Y 22. | A 5 5.
Lower Marl yielded,........ 31, 6. 11. 48, 4,
Middle Marl yielded........ 22, 1. q. G7. 3.
Upper Marl yielded......... 22. 19, 32, 25, 2.
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The grains were carefully examined with a magnifier, and those which
appeared the purest were taken for further examination.

Of the Clay Marl, grains No. 3 was thought the purest, and was uscd for
taking specific gravity and for analysis. Scarcely any quartz grains could
be seen in it, but it contained particles of a reddish-brown clay, perhaps
one-twentieth of the whole. Part of the grains in this marl were of a dull
surface and of a lighter green color.

Of the Lower Marl grains, those of No. 4 were the purest, and werc used
for analysis and in taking specific gravity. They contained a few quartz
grains, fragments of shells, and a little greyish clay, altogether not more than
two or three per cent. The grains are black, shining, and slightly brittle.

The Middle Marl grains, No. 4, were the purest, and were the ones after-
wards examined. They were almost absolutely free from any foreign sub-
stances. The grains were olive-green, somewhat shining, but erushed easily.

The Upper Marl grains used wore from No. 3, they being the freest from
little grains of quartz, which was the principal impurity seen. They were
of a brighter green than those from cither of the other beds, and decidedly
harder than those from the Middle Bed.

No. 3. No. 4.
The specific gravity of grecnsand grains from the Clay Marls was ........ 2.62
« “ e “ "% ¢ Lower Marl Bed was.. 278 2.83
i i « H w “ ' Middle Marl Bed was.. 277  2.80
“ “ ‘e “ ¥ oW ¥ Upper Morl Bed was .. 2.67 2.8

Chemieal analyses of the four samples of washed and sifted greensand :
A, is from the Clay Marls; B, from the Lower Marl Bed; C, from the
Middle and DI from the Upper. The analyses were made by John C.
Smock in 1864-5. The determination of the amounts of protoxide and
peroxide of iron was made by E. I[. Bogardus, in 1868. On account of the
green color of the mineral, it has generally been assumed that all thejron
wag in the state of a protoxide, and these examinations for the peroxide
were made at the suggestion of Profs. Dana and Brush, and the result shows
that nearly four-fifths of the iron i peroxidized.

A B C ) D

Silica.......... Faeaeieen s 38,600 42 800 45,850 47.100
Protoxide of iron......... eve. 4,260 3.729 2,081 3.717
Peroxide of iron.............. 20.067 . 17.429 17.114 16.801
Alumina .. ...... vt aeaes 6.404 G.022 7.889 5,726
Lime........... Crer e aeasaeeas 1.068 2.010 1.210 1.979
Magnesia.... .......oouvun.. . 2,186 2.047 2.514 2.888
Potash., ... .. e reeaaeeneer aa 8.190 7.908 8.084 7.010
Sulphuric acid....... vereiaae. 0,343 0,343 0.274 0.1
Phosphorie acid. ... ... e raeas 1.153 1 409 1.720 1.025
Water lost at heat of 212°...... 6.020 4,075 3.200 4,760
Water lost at Lieat above 212°,.. 3.808 3.916 4.835 4,152
QuartZ, . veveresirienrnnnnn.. 7.700 6.900 4 300 4.100

100.660 08,685 100,116 99,979
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To the preceding analyses of greensand made by J. C. Smock, we add the
following made by Julius Kocl, and published in the Geological Report of
1856 :

They are of clean grains of greensand. The specimens were first pre-
pared by washing out all clay and muddy substances that could be kept sus-
pended in water; then drying the remaining matter at about a summer
heat; and afterwards carcfully picking out the graing of greensand from the
particles of quartz, phosphate of lime, and other substances with which they
were mixed, After all the trouble taken, however, it will be perceived
that there was a small quantity of sand and phosphate of lime left with the
grains. The computation for peroxide of iron has been made from the ex-
aminations of 1868, and no attempt was made to determine the amount of
water lost at a temperature below 212° #.

Of the samples analyzed, E is from the Lower Marl Bed; F from the
Middle ; and G from the Upper.

F G

Siliea. . .oooviiinnien ciiiiee e .. 45.510 30.010 41,729
Protoxide ofiron.... ................ . 3,842 3.840 3.023
Peroxide of iron......cooiiviiean... .. 19,020 19.008 14,964
Aluminga....oovvniiiiiininins cie eans 7.960 7.068 5,929
Lime coo o 3.842 .812 3.026
Magnesia.............. e e e 2.460 2.866 2.938
Potash. ... .. .o il G.748 7.870 G.066
Sutphuric acid.... ..., ... .l 1,129 .430 1.005
Phosphoricacid.. .......ocvehiinnus eene 2993 .628 T.356
Carbonicacid............ ....oviionnt. 503 000 1,383
Insoluble silica (sand)........ ...t .830 402 L9090
Water. ....ooiiiii i oo.. T.382 7.746 6,308

100.299 08.081) 099.630

An inspection of the above results of analysis, shows that the silica, per-
oxide of iron, protoxide of iron, alumina, magnesia, potash and water, are
very uniform in amount; while the lime, sulphuric acid, phosphoric acid,
carbonic acid and quartz, are extremely variable. In fact the phosphate of
lime, sulphate of lime, carbonate of lime and quartz, can easily be distin-
guished from the greensand grains with which they are mixed, by the eye.
They do not form any necessary part of the mineral, and may be rejected
from the analysis. Leaving these out, and computing again for 100 parts
we have the following results :

A L C D L F G
Silied. . overes ciiiie ainin 42,643  48.630  40.152 51.110 48.977 30.923  51.582
Peroxide ofiron.......... 23.223  19.802  18.481 18.231 20.466  19.353  18.47%
Aluming ..........0ian 7.083 6.842 8.510 6.214 8.566 7.508 7.322
Protoxide of iron......... 4,718 4,236 3.219 4.033 4.135 3.909 3.733
Magnesia......oooivinn. 2.866 2.326 2.79¢ 5.184 2,647 2.918 3.628
Potash........veivieniens 8.071 9.087 8.730 7.607 7.262 7.505 7.491

Water lost at 212 degrees. 6.668 4.629 3.527 5.165 } 7.047 7.889 7815

Water lost above 812 €., 4,218 4.439 5,232 4.506
100.000  100.000 100.000  100.000 100.000 100.000 180.000
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The ratios of the ogygen in the protoxides, peroxides, silicic acid and
water are given in the following table:

A B C D E F G
Protoxides........ .... 1. 1. 1 1, i 1. 1,
Peroxides ..., ......... 8. 2.6 3 2.5 3 3. 2.5
Silicic acid............ 6.4 7.6 8. B. 8 8. 8
Water above 212°,...... 1. 1 1.3 1. }2. 2, 9.
Water below 212°.,.. .. 1.6 1-2 1 1.3

The specimens from which the above results were obtained, were taken
from various places in a belt ninety miles long and nine or ten miles wide,
and to the best of our judgment represent the greensand of the whole area,
In examining the grains prepared for analysis, those marked A were seen
to be more irregular in form, to contain many pale-green soft granules,
and if this had beer allowed to guide they would not have been analyzed.
The results show them to contain less silica, but otherwise to be like the
rest. The ratio of the oxygen in the peroxides of both D and G of the
Upper Marl Bed is smaller than in any of the others.

The whole examination, however, shows greensand or glauconite to be a
distinct mineral species, possessing as uniform a composition as can ordina-
rily be found in any minetal that is not crystallized,

' Viviawrre.—Phosphate of  Jron, Blue Iron Earth, Mullicite. This
mineral is found at several localities in the Cretaceous Formation, At
Mullica Hill the crystallized variety is found in Belemnites and other
fossils where it has replaced the original carbonate of lime, and the earthy
variety as a deposit in the flat ground near the brook. The crystallized
variety has been found at Imlaystown. In the deep cut on the Holmdel
and Keyport turnpike casts of Exogyra and other fossils are found in
which the material is the Blue Iron Earth. Between Shrewsbury and
Eatontown, the crystallized variety has been found in considerable quan-
tity ; it is in small masses of radiating crystals. Near Colt’s Neck numer-
ous spherical masses of the size of a hazelnut have been found ; their
structure is erystalline and radiating. The earthy variety is frequently
secn in the marl-pits, and excites much curiosity among the workmen by its
change of color from the white which it has when first dug, to the blue
which it soon assumes on exposure to the air.

A good specimen of crystallized vivianite from Shrewsbury has been
carefully analyzed, in the laboratory, by Mr. F. C. Van Dyck, as follows ;

\
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Phosphoric Acid.......... R 28,8485
Protoxide of Ir0D.....vccivis tuvninmnance men sonnanns P, 34.416
Peroxide of Iron............ et e atrestaaeeiarar e .. . 93775
Water o0 ceviicas venainrnaaes e eeeeiiaiaiaaae e 27.667
Adhering quartzsand.....coviiiiiiii i 1
99,909

From this analysis the constitution of the mineral may be inferred to be
four atoms of tribasic phosphate of protoxide of iron, one atom of tribasic
phosphate of peroxide of iron, and eight atoms of water to each atom of
acid.

Axper.— Yellow Mineral Resin, Succinite. This mineral is found
irregularly distributed in all parts of the marl region. From its resem-
blance to rosin it usually attracts the attention of workmen, and becomes
the subject of their experiments, and is burned up. Specimens have been
scen from marl-pits in every county of the region, hut there is no certainty
of finding other specimens in the same localities. Pieces enough to have
filled a barrel are said to have been taken from one marl-pit at Shark River
about twelve years ago; but since that, in looking over many hundred
tons of marl there, not a fragment was found. The mineral is yellow in
color, but is not so compact or lustrous as the good specimens of foreign
amber.
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CHAPTER VI..

GEOLOGY OF THE SURFACE.

Tur succession of strata which have been described in the foregoing
pages appear to have been deposited from water in an almost quict ocean.
The shells arc found as perfect and as little injured as those in a modern
oyster-bed.  In many cases both valves arc together as if the animal within
had died, and the shells lain undisturbed in their original bed from that
time to the present. Occasionally a single shell is found which has been
pierced by little borers, just as we find them now on the sea-shore. Others
are found within shells of some other kind, grown fast to them just as we
seo them’ in the modern occan. The bones of alligator-like reptiles are
found digjointed and scattered as if the animal had died, and then, in the
process of decay, parts had become separated, the head in one place, the
limbs in others, and the backbone in still a different place. Oceasional
fragments of wood are found which have been bored through in every
direction by something like the modern teredo or ship-worm, and floated
and rolled about until the ontside has become rounded and smoothed and
finally buried in the mud. The grounds upon which this wood grew could
not have been far distant, and indeed, along the northwestern border of the
formation we find an abundance of vegetable remaing, which are, appa-
rently, very near where they grew. There is a bed of earth at Fisher's
brick-yard, on the Raritan, which is full of impressions of leaves of the
willow, gum, and many other deciduous trees, with needles and concs of .
the pine. Tn many of the clay-banks cnormous logs are found, which are
almost turned to coal, and at Cheesequakes there is a bed of fossil vegeta-
ble matter, perhaps part wood and part of peat origin, which is several fect
thick. Allseem to point to the conclusion that the ground now occupied by
this formation was near the shore of a shallow ocean, which, perhaps, at times
advanced upon the land, and at other times receded from it so as to leave
vegetation to thrive and then be destroyed, and in course of time the depos-
ited material has accumulated to the thickness of almost eight hundred
feet. The shore of this ancient ocean must have been of extraordinary
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straightness and evenness, if we can judge from the uniformity of the
deposits upon it i

After this process of deposition had ceased, the whole of this ancient
- shore has been elevated to nearly four hundred fect above the ocean level.
This has taken place bodily, or else the northwestern edge has risen most,
80 as to leave all the strata with a gentle inclination or descent to the south-
east, and the strata still appear in the position in which they were left by
the upheaving force. Dut their upper surface has been greatly changed.
Some powerful agency like that of water, or water and ice, has swept over
the whole country, and has worn down its surface in gullies, valleys, or
broader intervals, sometimes to the amount of three hundred or four hun-
dred feet. Ridges and isolated hills are still left unchanged in the mate-
rials and order of their stratification, but the mass of material has been
carried off, probably farther south, and there deposited to form the newer
geological strata.* The regular stratification which still remains in the
hills that have withstood the destructive effects of this flood, is instructive
to consider. It can be well seen in the clear and beautiful pebbles which
cover the tops of the Mount Pleasant hills. They are as clean, white, and
fresh as those now on the ocean’s strand, and in hand specimens cannot be
distinguished from them, '

The hills at Red Bank, Sugar Loaf Hill, Brisbane Hill, Mount Holly,
Laurel Mount, and many others which have the Lower Marl Bed near the
bases, and which on their sides expose the Red Sand Bed, have the Middle
Marl Bed near their summits. So numerous are the places where streams
have cut their way down through the soft and yiclding bed of red sand to
the more tenacious and resisting marl that many persons’think the mari
makes in valleys. If they would only trace these beds around on the north
sides of the hills, they would soon discover that they were not confined toa
" valley, and that the marl bed was only one exposure of a hed which is ten
or more miles wide and a hundred miles long in our own state. But for
thig denuding agency which has worn down the surface and given to us
our inequalities of surface, our hills, and valleys, we should know vastly
less of the structure of the earth we live upon, and should have found
fewer opportunities to extract the riches which are buried beneath its
surface. .

Other changes of a minor but important character have taken place in
geology since this wearing action has ceased.

Over a large part of the country, and itis specially remarkable, over the

# Two ekulls of the walrns have been found in the gravel near Long Branch., The presence of
this arctic npimal 1s evidence of intense cold.
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Middle and Upper Marl Beds, there is an unconformable deposit of brown-
ish-colored earth, which is of the Miocene Age of the Tertiary I'or-
mation. In most cases it 18 from one to three feet thick, but near
Shark Riverit is from ten to twenty feet. It is known to those who dig
marl as Rotten-stone.® Tt is asandy clay, colored by organic matter, and is
remarkable for containing a considerable amount of sulphate of irom.
From its astringent and inky taste, it has been thought that it would do
good on land, but it destroys vegetation unless neutralized by lime. The
bones and scales of fishes are occasionally found in it, but none have been
collected which were sufficiently perfect to determine their species.

No. 1, is a sample of rotten-stone from the grounds of the Squankum
Marl Company, Farmingdale, Monmouth County ; No. 2,is from Dewitt
O. Shafto’s pits, Shark River. 'Water was not estimated in these samples.
Part of the sulphur existed in the form of sulphide of iron.

In the upper parts of many of the hills in this formation akind of brown
sandstone or conglomerate is found. It is only the gravel or sand of these
hills cemented by oxide of iron. It does not appear to belong to any age or
stratum, but is found in some of the low ridges of the clay marls in Middle-
sex County. It is also found in the red sand bed at Mount Helly, and in
the sand and gravel overlying the wmiddle marl bed at Red Bank and the
Highlands. And it is found quite outside of and above this formation in
the Tertiary of Ocean, Burlington, Cumberland, and Salem Counties. The
cause which has produced it is of comparatively recent date.

In tho absence of other building-stone it supplies a material useful for
foundation walls. It is generally found near the surface and on ridges and
clevated grounds.t

Wind and rains have done much to alter the composition and texture of
the surface materials. Rains wash out and carry away the fine particles of
s0il, leaving the coarser and sandy grains by themsclves, and depositing the
loamy or clayey particles in beds by themselves. In dry weather the wind
drifts the sand and piles it up in hillocks leaving portions of the eriginal

* The following analyses of Rolten-stone show its composition:

No. L. No. 2.
L 112 PN 73.20 72.40
Peroxide of tron and alaminf., . coovviiiveiiniiierrirraiietineans 9.60 11.80
Lime...coureiiieniinnnnen. e raeaaaaa, vt vrrreneragen- 0.73 113
Magnesla............ Sraserienerannrannran errnereare e raers 1.00 0.65
Sulphuric acid. ... o e e s 0.76 5.97
Phosphoric neld, . oieeeieiriraii it P trace. trace.

t The following are some of the principal localities in the Cretsceous Formation, at which this
stone ta quarried for building materinl; hills south of Entontown, Stone Hill, hills near Pyle's Cor-
ner Atlantle township, Stone Hill near Imlayatown, Upper Freehold, Ridge south of Prospertown
Ocean County, Aroey's Mount,Julinstown Mount, Burlington County, and biil south of Blackweod-
town Camden County.
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clayey or loamy soil again bare. It is to superficial agencies like these that
many of our varieties of soil are due. There is a remarkable feature in the
surface geology which has been noticed by many but for which no sufficient
course has been assigned. Almost all the streams of middle and southern
New Jersey flow either east into the Atlantic Ocean or west into the Dela-
ware River. It is observed that with scarcely an exception the north banks
slope gently down to the streams and are of heavy soils, while the south
banks are abrupt and steep and covered with a coating of sand.

The greensands which have been exposed by denudation to atmospheric
agencies have been variously affected.  Wherever they have been exposed so
that surface water could filter through them, they have been changed
in composition and depreeiated in valne. The green color has changed
to a red, the carbonate of lime in the shells has been dissolved out,
and the phosphates are gone. Such are frequently called Aill or
dry bank marls, and are lightly esteemed. In some places the marl has be-
come charged with sulphate of iron (copperas) by infiltration from the sur-
face. Such marls are poison or burning to vegetation, and can be used in
only very small guantities unless neutralized by composting with lime,
when they become valnable fertilizers.

The changes which are now going on in connection with the slow eleva-
tion and subsidence of our shores, and those which are connected with our
marshes, swamps and beaches, will form topics of discussion in other reports.
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DIVISION V,

TERTIARY AND RECENT FORMATIQNS,

CHAPTER I.

AGE AND GEOGRAPIICAL EXTENT,

Tuese Formations ocenpy the whole southern portion of the state below
the Cretaceous Formation already described. A straight line from Shark
River Inlet on the Atlantic, to the mouth of Alloway’s Creek on Delaware
Bay, marks very nearly the division hetween the two formations. There
are no patches or outlines of any of the older formations south of this line.

The Geological Age is well settled. Thejbeds of mineral substance are not
petrified ; they lie undisturbed in the places and positions where they were
originally deposited ; and in all the beds down to the lowest, fossils of
species still in existence, are found. It has been supposcd, by many per-
sons, that the Upper Marl Bed, which is the lowest of our Tertiary beds,

“belonged to the Cretaccous, because it was composed of greensand marl.
But careful comparisons of its fossils with those of other countries have
clearly shown that it is Tertiary of the Eocene or carliest period. Fossils
of many kinds are found in the different layers of this marl bed, wherever
they have been opened, between Deal on” the sca-shore and Clementon in
Camden County. They may be looked for in the marl-pits at Poplar, Deal,
Shark River, Farmingdale, Squankum, sonthenst of New Egypt, at Poke
Hill, east of Pemberton, at Buddstown, cast of Vincoentown, at Chairville,
east of Medford, at Milford and Clementon. The fossils of the upper layers,
however, are only to be found at the five places first named.

The Miocene, or middle period of the Tertiary, is also recognized by
characteristic fossils in many localities. These fossils are found in greatest
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abundance in the marl-pits on the head-waters of Stow Creek near Shiloh,
and Jericho in Cumberland County. They have been found also in marl-
pits south of Woodstown and of Mullica IIill. In a chocolate-colored,
astringent clay which overlies the Upper Marl Bed, and which is exposed
in numerous places, they can also be found, though they are not abundant
init, The Squankum marl-pits, Shark River marl-pits, marl-pits at Deal,
clay (called marl) pits east of Toms River, are localities of it.

The gravelly loam and clay which cover almost the whole area of this
formation, are destitute of fossils, except silicified wood. Large blocks or
fragments of petrified wood are found in the gravel in many places, though
their occurrence is so purely accidental that it would not help to specify
localities. The wood is so perfect in form and structure, that the belief is
common all over the region that the wood has been petrified within the last
hundred years.

Tossil shells, almost if not quite identical with those now living in Dela-
ware Bay and the Atlantic, are found in many places near tide-water, and
where the ground is not more than twenty feet above the sea-level.  They
have been found in Elsinboro, Salem County ; ai IFairton, Port Elizabeth
and Teesburg, Cumberland County ; at Tuckahoe, Cape May County ; at
Mays Landing, Atlantic County ; and Barnegat, Ocean County.

Lists of the fossils of this formation, with references to thenr localities
and to the works where they are described, are given in the Appendix.

The houndaries of this formation cannot be given with the same accuracy
that is possible in formations which are characterized by rocky outcrops.
The beds of the Tertiary being earthy, necessarily mix in with each other,
and the action of the air and snrface water has changed the colors of some
beds, so that it is hard to trace them with any tolerable accuragy. And a
classification of the beds of the formation is a progressive work ; being
improved and perfected as new excavations for marl, glass-sand, stone, clay,
and for roads and railroads, are multiplied. '

The division-line between this and the Cretaceous Formation, has already
been given in the description of the outerop of the Middle Marl Bed, on
page 269.  On the other sides it extends to Delaware Bay on the Atlantic
Ocean. An attempt has been made to delineate on the map Dby color, a
division-line between the Tertiary and Recent Formations. It is, however,
only an attempt, and can hardly be called a successtul one; the marks upon
the ground are so slight that there are many places where they eannot be
recognized. TFrom the facts which will be given farther on, there can be
no doubt there is such a distinetion to be made, but as before said, no marks
of it can be found in many places; and the only principle which could
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guide was the relative heights of the two formations above high water-
mark, The division-line has been drawn with the intention of leaving all
the border of the state which is not more than twelve or fourteen feet above
tide-water with the Recent Formations; and in the region now being
described to color the other as Tertiary.
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CHAPTER IL

GEOLOGICAL STRUCTURE.

Tug elue to the geological structure to this formation is found in the bor-
ings from a deep well at Winslow, Camden County. This well, which was
bored to supply pure water to a steam-engine, passed through all the beds
from the surface down to the hottom of the upper marl bed.  The elevation ot
the surface at Winslow is about one hundred and fifteen feet above mean tide,
and the well was bored three hundred and thirty-five feet deep ; two hun-
dred and twenty feet below the level of the sea. The accompanying columnar
section (Fig. 73, on page 292) shows the successive strata passed through
with their thickness, the vertical scale being fifiy fect to an inch.

In this well five feet of surface earth was first dug away.

Then—
15 feet of blue and black clay:

95 feet glass-sand, described as quicksand.
3% feet miocene clay, described as hard, black clay.
107 feet micaceous sand, described as quicksand.
43 feet hrown clay, described as black, hard clay.
A gum log one foot in diameter found here.
20 feet greensand marl and white shells, teeth, ete.
15 feet pure greensand—no fossils.
Water rose from the bottom of the greensand.

This well was bored about fifteen years ago, but the minute description
given by the Hon. A. K. Hay, for whom it wis bored, and who watched it
with the greatest interest, together with a suite of specimens taken from
different depths in the well, farnished by Mr. E. N. Bolles of Camden, who
bored it, gives assurance that the section is correctly drawn,

From this section, and facts observed in other places, the structure of this
whole region may be inferred.  The inference is, that there were regular and

' tolerably uniform deposits all over the region, after the upper marl bed was
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Bandy loam.
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¥ Thork colored clay

Bluo marl.

Aeh marl.

Green marl.

deposited, and not conformable to it,
but having a more gentle slope towards
the southeast. The accompanying
sketch will illustrate this structure: o
is the middle marl bed ; & is the yellow
sand ; ¢ is the upper marl bed; < is a
large bed of chocolate-clay unconforma-
ble tol¢; ¢is a bed of micaceous sand ;
7is a bed of clay marl, the miocene; g
is a bed of glasssand ; A is a covering of
drift-clay and gravel.

That the sketch is an exhibition of
the true structurc of the country, is

proved, by the following deseriptive

notes upon ecach of the beds shown in
the figure.

1. Drift-gravel. The drift-clay and

~ gravel is found everywhere overlying

the other beds. 1t is composed of loamny
clay, and pebbles of white quartz, silici- -
fied fossils, feldspathic rock, ete., with
variable quantities of sand intermixed.
The sand is of different degrees of fine-
nesg, and is usually quite reddish-yel-
fow from the presence of oxide of iron.
In some places it is almost all sand, and
in others it contains so nuch clay that
itis a good brick earth, and in a few
instances it is so pure a clay as to be
used for fire-brick. This material is
tound everywhere on the higher grounds
and covers a larger portion of the sur-
face than any other. It is probable
that at the close of the drift period the
whole surface was covered with this de-
posit, and that the underlying sands or
clays have heen cut into and exposed
by the action of rain and “streams of

water which have washed away the overlying carth. It can be scen in the
excellent land o mile or two north of Toms River; it is cut into in almost
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every ridge along the Raritan and Delaware Bay Railroad; it constitutes

) Fra. T4
TReonformable tiyers of Eocene and. Jlivcere.

the hills and ridges between Cedar Bridge and Barnegat’; it covers most
of the high ground in the central part of the state in Burlington County.
Almost every cutting on the line of the Camden and Atlantic Railroad ex-
poses it.  The railroad cut at Vineland is in it, and nearly the whele of the
town s built onit. It can be seen everywhere along the road from Bridge-
ton to Millville, as well asin all the other roads going out of Bridgeton.
And it is found in all parts of Cape May. Indeed it is almost invidious
to mention localities, when it is so abundant. Itis an excellent material
for roads, packing well, and giving a smooth, firm and durable bed. And
when it is well cultivated it forms a productive and retentive goil.

The thickness of this layer is not easily estimated from any facts in
our possession. It is ten feet thick in the cut at Vineland. The clay at
‘Woodmansie has Dbeen dug into twenty-two feet. It is probable the bed
does not much exceed twenty feet in thickness.

. Glass-sand. The bed of white sand, which is marked as gluss-sand,
appears to be a uniform layer underlying the surface gravel throughout the
whole of the southern end of the state. It iz dug for glass-making in
Salem County, near Shiloh; at Glassbore, Williamstown, Clayton, and
Malaga in Gloucester County ; at Jackson, Waterford, and Winslow in
Camden County; near Bedford in Burlington County; and in South Vine-
land, at Buckshutem, and near Marshallville in Cumberland County ; and
at Egg Harbor City in Atlantic County, Beautiful speeimens of it can be
seen in the railroad eut cast of Absecum; it is found in the bottoms of clay-
pits at Woodmansie, and in wells near Barnegat. Tts exposures on the
sarface are diseolored with oxide of iron and yellow clay, but it can be seen
in its remarkably even fineness at scores of places between Shark River in
Mommouth, and the south end of the state. )

This layer is composed of a beautifully white, pure, quartzose sand ; it is
fine, angular and cven-grained, and admirably adapted to its use in glass-
making. At many of the glass-houses it is used for window-glass without
any preparatory washing. At othefs it i8 washed to remove a little white
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clay which may adhere to it, and to wash out any ochrey loam which may
have stained it by soaking in from the overlying earth. At the sand-banks
on Maurice river, below Millville, from which the largest quantity has
been ghipped for other markets, the sand is washed before it is put on
board vessels. '

The thickness of this layer at the Winslow well is ninety-five feet. Some
portions of it may not he as pure in color and perfect in grain as the best
varieties, but the sample given me by Mr. DBelles is very.handsome. In
the sand-pits it is not usual to dig more than ten or fifteen fect of good
sand, ochrey layers, or coarser and worthless material coming in at the bot-
tom. The layer dug at Winslow is from six to cight fect thick; that
at South Vineland is from seven to twelve feet thick, and ends in a red
sand. On the bank of Maurice river, below Millville, the sand is dug into
from twelve to seventeen feet, and the quality continues good, but the work
is stopped on account of water, There is an inexhaustible supply of this
sand to be had, and it can be found alnost .anywhere that it is needed.

The removal of the drift-clay and gravel from the top of this layer by
rains and streams, has given origin to the sandy tracts which are so noted
in Southern New Jersey. This is,undoubtedly, the origin of the Penny-
Pot sands, the sands along the railroad from Millville to Port Elizabeth, and
the sands along the south banks of almost all the streams in this region.

The dip of this sand cannot be estimated at present.” It is dug at one
hundred feet above tide at Winslow ; the sand-pits at Millville are at tide-
level, and at Marshallville they ave but little above tide; and the sand-cut
at Absecum is only a few feet above the salt-marsh. It the whole bed is
ninety-five feet thick, as indicated at the artesian well, and it is not known
in what part of it these openings are, it is, of course, impossible to deter-
mine the dip now.

3. Miocene Clay. Thebed of chocolate-colored astringent earth which
lies next under the glass-sand is very persistent in character, and in its
extension. It is a sandy clay, finely and firmly laminated ; of a chocolate
color ; and, in many cases, of an inky taste. This last property is due to
the presence of iron pyrites, which, by its decomposition, forms sulphate of
iron or copperas, which imparts its peculiar taste to the clay. It contains
some fossils ; wood and twigs.in small fragments are common, and the iron
pyrites is adhering to these; fish-bones have also been seen in it, and sharks’
teeth are-abundant in some places. The description above given applies to
most of the Etl‘ﬂ._t-lﬁ'l‘l; that portion of it which is exposed in the marl-pits in
Cumberland County from being formed in deeper water, or from having
less woody fragments in it is not charged with sulphate of iron except in
some patches; it is ash-colored, with a ~tingc of blue or green, and aB_(_)ll_I_l_dB
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in whitg ghells. TFrom its location in relation to the glass-sand, as seen at

the sand-pits, and the marl-pits on Horse Branch, where the road from

Shiloh to Quinton’s Bridge crosses it, there can be no doubt it is the same

layer. The annexed section, Ilig. 75, shows the relative positions of the

three layers at the locality mentioned. i
Fig. 75.

Drifts

.Glaa.s-snnd
Minch's
narl pits.

MAKL,
Yection o Quinton’s Bridge and Shiloh road ; near Horse Branch,

This stratum is a well marked and interesting feature in the geology of
the country. It occurs at many of the marl-pts in the Middle and Upper
Marl Bods, where it is scen to-lie dircctly under the gravelly loam of the
surface, over the marl stratum which it covers unconiormdbl) At the
‘marl-pits it is known as rotten-stone, strong marl, ectc. The sections of
marl-pits show the manner in which it occurs at them. .

This layer can be seen at many of the marl-pits iz Deal; at the grist-
mill on Jumping Brook it is exposed in a layer 23 feet thick ; there is a
deep cut in it on the Delaware and Raritan Bay Railroad bet“ ecn Eaton-
town and Shark River Station. At Shafto’s marl-pits, Shark River, it is
dug into 10 fect; also 10 feet at Ely Shafto’s in the same vicinity. At
Jolmsow’s marl-pits in Squankwm it is 3 feet thick ; at Windsor’s it is about

9 feet thick ; at Win. Johnson’s, ncar New Dargain, it is 10 fect thick; at
the Squanlmm Marl Company’s pits it may average 3 fect; near New
Eegypt it is 2 feet thick at the pits of Tilton Wiles; at Poke Hlll in Samuel
Emley’s pits it is1 foot thick. It is also seen at Rola.fnon s and Dr. Cole-
man’s, near New Lisbon ; it is scen to be 1 or 2 feet thick on Little Creek ;
two miles southeast of Blackwoodtown on David Marshall’s land it 1s 11
feet thick; a half mile east of Stratton’s marl-pits, north branch of Raceoon
Creek, at Ewin’s mill, this clay or marl as it now becomes, is dug; on the
sonth branch of the Raccoon near Conunissioners Road, on the land of
Jonathan Heritage and John D. Kier, a miocene marl was dug into 14 feet,
and fine micaceous sand was found underncath it; on Oldman’s Creck,
cast of Harrisonville, it was dug into from 10 to 15 feet; it was found a
half mile east of Woodstown, at Dickinson’s mill; miocene marl is also
found one mile south of Woodstown, on Rev. A. J. Hire’sland. From this
place souiliwest it is soon seen to run into the Cumberland miocene marls,
which will be deseribed far ther on.

1
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This clay was dug for marl about a mile cast of Tom’s River, and was
found 6 feet beneath the surface, in a layer from 6 to 8 thick ; it is also
saia to have been dug on Green Braneh, a few miles west of Tom’s River;
something like it was dug for marl near Groshen; it was also dug by Mr.
Vanhise 10 miles southeast of New Egypt; clay answering somewhat to the
description of this is dug at several places near Woodmansie and Shamong,
on the Raritan and Delaware Bay Railroad; it was found near Platt’s
place ; and it has also been found in a well near Allowaystown, from which
I received a cast of a fossil-shell some years since.

This country has not yet been cleared up fully enough to expose all the
localities where a formation can be seen, but cnough has been given to
show its relation to the surface, and to other formations.

The miocene marl near Shilol, sometimes known as Shiloh marl, is found
along several small streams in Salem and Cumberland countics, tributaries
of Stow Creek. The extent of the outerops, as measured from the Shiloh
and Quinton’s Bridge road, to Elwell’s pits on Bishop’s Run, in a southwest
direction, is about three mlles. Its hreadth on the above-mentioned tun-
pike is not over half a mile. The following are the principal openings and
their location. Beginning in Salem County, on the west ; Eli Minch’s pits
along the turnpike and Horse Branch ; J. J. Hummell’s pits, near Minch’s
saw-mill, on _the same_ stream; Jonathan House’s pits on Maple Run,
near the turnpike ; Job~ Ayer’s pits along Gravelly Run, north of the
turnpike; along Sarah Run (the county line) the pits of Reuben Davis,
Henry Ware and others ; Reuben Ayers’ pits on a small stream in Cumber-

__land County ; and Tsaac Elwell’Ftlong Bigliop's Eun, soutlof Téricho. In ad-

dition to tliése here enumerated there are several lesser excavations, but all of
them are along these streams and near the pits named. At Mincly’s saw-mill,
one mile S. 14° E. from his pits along the turnpike, a grey, shell marl was
penetrated in digging for the mill foundation. This is thirty feet below the
top of the grey marl at his pits.  From this difference of elevation it seems
as if the bed dipped towards the south or southeast at a small angle. The
lack of any additional figures leaves the matter-doubtful, though from the
similar dip of the greensand marl it is reasonable to suppose that there is
such an inclination in this marl bed. The average thickness of the grey,
shelly stratum is from ten to fifteen feet. The ““stripping ” or covering of
carth, sand, gravel, ete.,, on top varies from three to fifteen feet at the
several pits. On top of the grey marl) there is often a black marl, and
sometimes a reddish-yellow carth also. These may be the grey altered by
agencies acting from above. At some of the pits there is on top a stony
layer full of fossil oyster-shells, with other organic remains. Its thickness is
variable, but nowhere over a few feet. It appears to be an altered stratum.
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The grey marl is very uneven on both top and bottoin—the surfuce in
Reuben Ayers’ pits varying ten feet from horizontal in a bank fifty yards
long. The bottom is similarly uneven, and often parallel to the top. This
marl is generally of o grey color, and consists of fine sand and a little clay,
mixed with a varying amount of calcareous matter. An average of a vertical
section at Eli Minch’s pits gave fifty per cent. of quartz and thirty-five per
cent. of carbonate of lime, with smaller percentages of alumina, peroxide of
iron, magnesia, potash, soda, sulphuric acid, phosphorie acid, and water.
A sample of Ayers’ marl gave similar results.

Besides the finely comminuted calcareous matter in these mails, most of
them contain many fossils that readily crumble on cxposure to the air. In
places it is almost all a mass of decaying shells, so numerous are these fossil
remains. The following list of molluscous fossils is taken out of the check-
list of the Invertebrate fossils of North America belonging to the Miocene,
as prepared by F. B. Meck. They are found in this marl bed, and most of
them are commeon :

Cellepora urceolata... ... ... ....... ... vvn.. Gabb and Liorn.
Discoporella denticalata........... vers o oo (Conrad) Gabb and Horn.
Ostrea mauricensis. .. ....ooov i i ot ... Qald.

QOstrea pererassa. ._......... e e Conrad.

Plicatuta densata........ e e, “

Carditamera acaleata............ ...
Carditamera aratd........ «cooviieiiien weann
Crassatella melina .......c.ot ciiiiiiis .
Astarte Thomasii....... e e e
Venus Ducatellii. ..o i e
Periplompalta... ..o,
Corbulalevata................. ..ot

Baxicava mywformis. ... ... o o
Fissurelta griscomi ... ...
Turritella cumberlandia . .......ovoi it -

Turritella 8eCta couv v v e v ea e
Busycon gealarispa ... c..oh oo

Besides these, remains of vertebrate animals are occasionally found.

Details of pits. The following account of localities iz added, in order
to give a more complete account of this interesting and valuable deposit.
At Eli Minel’s pits the sand and gravel on the top average ten feet in thick-
ness, The maximum is fifteen feet. The gravel is near the top of the
marl. The yellowish earth, also called marl, varies from one inch to three
feet in thickness. Under this there is in places a black marl, ranging from
an cxceedingly thin layer to a bed six fect thick. Under these the grey
shell marl is from eight to twelve feet thick, becoming more sandy and con-
taining fewer fossils as the pits get deeper. i is reported that a pit and
boring at this locality penetrated thirty fect of grey marl without finding

38
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the bottom, but this is doubtful. At Hummel’s pits, also on Horse Branch,
e e
the marl has been dug into twenty-three feet, of which the last two or three
feet were a black, poisonous, sandy earth, which faded to an ash-color on
exposure. Bones are frequently found at these pits. At House’s pits along
Maple Run, there is about three feet of the silicified or stony bed, and under
it the grey marl. This stony bed is full of fossils, mostly ostrea. Along
Sarah Run, Davis’ pits present a fine section of the grey marl. There is
here a very thin layer of yellow marl at the top, and under it thirtecn feet
of grey, shelly marl.  In Reuben Ayers’ pits, in Cumberland County, the
grey marl is dug into fifteen or sixteen feet. Towards the bottom it grows
sandy, The dirt is here beautifully stratified and conformably to the
uneven, waving surface of the grey marl. Isaac Elwell’s pits, along
Bi_sl.l_gp_’sﬁun south of Jericho, are the oldest workings in thismarl. Here
the top-earth is from ‘seventeen to thirty feet thick, and consists mainly of a
‘ yeHowish sand with a little gravel. The marl is grey and shells are abun-
dant. Some of the yellowish marl is grey changed by oxidation of the
. iron. This pit grows sandy towards the bottom and is destitute of fossils,
except turrilites. Veertebral remains are found here occasionally. The
__Perna mnaxillata oceurs here of an aniormons thickiess; the aliell exceeding
two inches. These pits were opened as long ago as 1819.  While the area
of this Shiloh marl district is limited, the digging of this material as a fertil-
izer has exposed the beds to a great advantage for studying its character and
relative position. As will be scen by the map, it appears only along these
few branches of Stow Creek, near the line between Salem and Cumberland
Counties. Tts existence at these points is due to a denudation or wasliing
my of the original covering, Tt no doubt underlies a great deal larger
arca than the map has represented.  The increased demand for this marl
will probably corrdborate this statement in the discovery of other localities,
not only about Shiloh but elsewhere in the Tertiary district of the state.

4, Micaceous Sand. The bed of micaceous sand, which was one hundred
and seventeen feet thick in the well, is not identified with certainty at any
place on the surface.  These beds are nearly horizontal, and they rest upon
the eretaceous beds unconformably, as seen in sections connected with the
miocene clay ; as this is below the sea-level, it is not remarkable that no
outerop of it is seen. ' :

5. Brown Clay. The same remarks apply to this as to the preceding.
There is no outcrop of it known, and it is, probably, soon lost towards the
northwest.

Recest Foraarioxs.—Since the close of the Drift Period of the Ter-
tiary Formations, marked and important changes have taken place along
our shores, and in the shallow waters of our bays. These are characterized
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by fossils identical in species with those now found living, by marks of the
works of man, and by conclusive evidence that the changes spoken of are
now in progress.

White cedar logs of the common species are found fossil, in abundance
in galt-marshes, in Cumberland and Cape May Counties. Yellow pine of the
ordinary kind is found at the bottom of the tide-marshes on the Raritan
below New Brunswick ; and, indeed, the stumps of trees of all the present
natural growth of the country, are found standing in the hard ground
underneath the salt-marshes along the entire border of the state, Oyster-
beds are found along Maurice River, above the present high water-mark,
and under the surface of the cultivated fields in Salem and Cumberland are
found the shells of the common clam, oyster, periwinkle, snail, and others,
such as every fisherman on the shore recognizes, at once, as of the kinds
now growing in the waters of Delaware Bay and the Ocean. In many
places dead cedars and other trees are scen standing in the marsh, the time
gince they were growing in hard upland, being so short that they have not
yet decayed, since the marsh and salt-water came around and killed them.

The geographical extent of this formation can only be -approximately
estimated. It comprises a strip of country which fringes the Atlantic
Ocean, Sandy Hook to Cape May, and then up the borders of Delaware
Bay to Salem. It includes all the tide-marshes, the beaches, and that por-
tion of the upland which borders the marsh and is less than about twelve
fect above high water-mark. This portion of the upland is usually only a
fraction of a mile in width.

The Upland Border. This portion can only be positively identified by
finding under its surface and fossil, shells, trees, timber, or stumps of the
present living species ; but a good degree of certainty is reached, when we
find these banks or carthy deposits in cloge resemblance to and position
with those which are proved to be of this age. As far as identified these
formations are of finer material than the drift-gravel, being such as would
form with moderate wash and quict deposition, The surface-soil of this
formation is a fine sandy loam, with very little gravel, and containing organic
matter enough to make it a rich and productive soil. Tt corresponds to the
alluvial soils, on the river bottoms of inland districts. Tine examples of it
can be seen at Bacon’s Neck, Greenwich, Back Neck, and Turkey Neck, -
in Cumberland; Stipson’s Tsland, Cape May County, and the farm of
Dowues Edmonds, at Cape May ; a narrow fringe along the marsh in At-
lantic County, some low points near Puckerton ; and some other and exten-
sive ones at Manahawkin. Other and important ones still could be pointed
out, but it is doubtful whether the whole would be mentioned, and it is less
invidious to stop, knowing that many are omitted. The lands of this forma-
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tion are among the most productive in the state. They were cleared of
timber when the first settlements were made, and have been in cultivation
ever since, and still yield good crops. It is thiss which has attracted set-
tlers, and has caused the borders of the upland to be cleared, cultivated,
and thickly settled along the whole Atlantic Coast, and the shore of Dele-
ware Bay, while the country back of them has been
left in forest.

BLACH

It may be properly added in this connection, that
this portion of our Recent Formations can be recog-
nized along the tide-waters outside of the Tertiary.
On the Delaware it lines the river margin entirely
across the Cretaceons Formation, The alluvial soils
of Lower Penn’s Neck and Elsinboro, in Salem
County, belong to it; and, on the sea-side, the fine
lands of Squan, Deal, and Long Branch are parts
of it; and it can be traced along the Raritan up to
New Brunswick, and up the Passaic to the necks of
land on either side just below Newark,

The Tide Marshes. A large area of this Forma-
tion is occupied by tide-marshes. They are of very
recent origin, and, in fact, have formed largely in
some localities within the memory of the present
generation. The interval between high water-mark
on the shore and the beaches or protecting barriers
on the sea-side, iz mainly oceupied by marsh; and,
in addition to this, there is a considerable area on
the Delaware Bay and River, which lies between
the upland and the open water. There are between 5
two hundred and fifty thousand and three hundred
thousand acres of marsh on the borders of New %
Jersey.¥ Themarshes arc coveredwith grass, reeds,
or coarse sedge ; there is no growth of wood upon
them. The upper surface is near the level of high-
water ; the parts near the water-courses being high
enough not to be covered by ordinary tides, while
the parts more remote from the watcr-courses are
lower, s0 as to be always wet. Underneath the sod
which covers them is mud or soft earth of various
qualities. In some places it is black earth or muck,
which has been formed in aswamp ; in other places it
is nothing but a mass of fibrous roots, with no earth
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or mud intermixed. ‘This is specially the case far away from the water-

courses ; and, in still others—and this is peculiarly the case along creeks,

ditches and other water-courses—the grass roots are entirely imbedded in a

mass of fine clayey mud, which has been entangled in them, and deposited.

The two former varieties have originated on the spot; the latter has been

mainly formed by deposit from water. The depth of this underlying mud

is variable, all, however, coming within the extreme depth of forty feet. |

The section on preceding page, Fig. 76, across the marsh between the main

land and Five-mile Beach in Cape May County, shows the upland, the

marsh, the water-courseg, the open sound, and the hard underlying earth.

Road to Somers' Point. It is a good illustration of the marsh |
\
|

between the upland and the beaches on
the Atlantic shore. The material under
the sod here is mainly a thin mud, or
else sedge-roots, thongh there is some
swamp-carth, and fallen timber near the
shore,

The accompanying section, Fig. 77,
across the marsh from Pleasantville to
Atlantic City, on the line of the turnpike,
exhibits the form of the marsh bottom
between the upland and the beaches. |
The vertical scale is fifty feet to an inch;
and the horizontal scale one mile to an
inch. The deepest part of the marsh is
between the upland and the middle, and
Salt Marsh. stumps and swamp-earth are found at the

bottom of the marsh for a considerable
distance out from the shore.
The following seetion (Fig. 78, on page
302), from Dennisville to the Delaware
Bay shore, illustrates the appearance and
formation of the marshes which are open
to the bay. It shows the open marsh
nearest the bay, then a strip of stumps
and dead timber, and then nearer the
upland and a little above high water-
Absecom Beacn, 104k s a clump of living trees in a cedar
swamp. The whole of this marsh is filled

Salt Mareh.

'L, oLy
-£317) sr3uEnV 03 0x1dUang JO oUI[ U0 PTOI WOIIE]Y WWOL) T0TIA0Y

y. Sand dunes,

with cedar swamp-earth, logs and stumps.
Athntic City.

The horizontal line under the marsh ard
Atlautic Ocean-  pargllel with it, is a meadow sod which

>
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formed the surface of the marsh some years ago. It was a portion of meadow
which was banked out from the tide many years ago ; and when the tide no
longer flowed over it, the soft material settled down from year to year until the
upper surface was but little above low water-mark, and it became wortlhless as
a meadow. The banks were then broken down and the muddy tide-water
allowed to enter and deposit its sediment. In a few years after, when these
examinations were made, the mud
had accumulated so as to raise the
surface of the meadow to near high
watgr-mark again ; and on sounding
with a sharp iron red, the tough

UPLAND _,

such as sand, gravel, clay and loam.,
The soft material of the marsh is
easily penetrated Ly a sharpened
iron rod, a little force being required
m some cases, while in others it
sinks by its weight, as if the marsh
were fluid. The bottom is told at
once by its solidity, and by the
grating sound which the rod gives
when entering it. Tn the survey of
Cape May County, it was found that
the marsh deepencd very gradually
outwards from the upland and some-

what more rapidly from the beaches .

Horizental Scale, 1000 feet lo an inch.

meadow sod of the settled surface '§
was found as represented in the cut. s é,
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inwards, so that the deepest part was towards the beach. In a series of
soundings across from the upland to Fiveanile Beacl, the greatest depth
found was twenty-seven fect. The marsh between Beesley’s Point and the
Beach is in some places thirty feet deep. In sounding across the marsh at
Tuckahoe for the Raritan and Delaware Bay Railroad, the greatest depth
found was seventeen feet ; near the mouth of Dennis Creek, at a stopping
across the mouth of a ditch, the piles struck bottom at twenty-nine feet
below the surface. The soundings along the new turnpike which crosses
the marsh from Pleasantville to Atlantic City, showed twelve feet at a half
mile from the upland, twelve feet at one mile, twenty-two feet at one mile
and a half, twelve feet at two and & half miles, and then rises to six and
four fcet and out at the beach.

The extension of the marshes is very rapid in some of the open bays and
sounds ; the sods on the borders growing out farther and farther into the
water, and the mud which comes in with every tide gets entangled in them,
and so gives them firmness,.and a base for further extension. In the direc-
tion of the upland the marshes extend by the dying out of the cultivated
plants or trees, and the coming in of the marsh plants ; and then the after
aceumulation of mud or roots, as the case may be. From the nature of
their growth it will be seen that the substance to form a soil in these
marshes is most variable. On the banks of the water-courses where there
is a heavy deposit of mud, there can be but very little settling cven if the
marsh is drained to the hottom; while in the peaty portions, the partially
decayed material of which they are made up is subject to slow decomposi-
tion and subsidence; and in those portions where the sedge and other
grass roots are the only substance, the process of decay and waste which
must attend the laying them dry, will leave scarcely any solid matter, and
will carry the surface down far towards the original foundation of the
marsh. In particular areas for improvement it will be of the first import-
ance to examine into these peculiarities of substance and origin.

Beaches. The sand-banks which line the shore of the ocean are known
as beaches. They consist of fine white quartzose sand without any admix-
ture of clay or oxide of iron. Small fragments of shell are sparingly dis-
tributed through the sand, bus it is otherwise almost absolutely pure quartz.
They are of comparatively recent origin, and some of them ate continually
shifting their position, being drifted by the wind. The tops of trees thirty
or forty feet high are sometimes seen just sticking out of the tops of these
moving sand-hills. Others are of an older date, and are covered with oak
and cedar timber of one hundred or two hundred years’ growth, and others
still are found in places where the existence of such sand-banks or dunes
would hardly be suspected from any present indications. The following
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section, Fig. 79, along the east bank of Maurice River, a mile and a half
above Port Elizabeth, Cumberland County, shows ancient sand-dunes on the
bank of the river, amongst the old timber, and under the dunes in a mud-
bank is an oyster-bed, and underneath this'is common stratified and sandy
clay. The oysters are of the common species, and in the position and asso-
ciations of earth in which they naturally thrive, only they are cight feet
above high water-mark. The whole together shows that these old dunes
belong to the recent formations,
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Sandy Hook is a long beach, extending out five miles from the mainland.
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From this point southward, excepting a short distance at Long Branch
beaches extend along the edge of the occan to Cape May, and on the Dela-
ware Bay shore they are found near the Cape, also just below Town Bank,
at Fishing Creek, and at the Cedar Hummocks near Goshen. They are also

seen along Maurice River, above Port Elizabeth, as

7N oousoe e mentioned above. In some places they lie directly
// E4ed pEAD TREES
TN

upor. the upland ; and the breaks found in the long

/ R rwors chain mentioned above are probably owing to the
Lo
AU

Dbeaches having been washed away by the inroads of
the sea upon the shores. There is no doubt this is
the case at Long Branch, as the beaches are seen
lying upon the upland at short distances both north
and south of that place.

The following figures will exhibit the prominent,
and characteristic features of the beaches :

R, Tig. 80 is a section across Iive-mile Beach, in
Cape May County. The occan level is marked
on the right, and that of the marsh on the left.
That portion of the beach covered by dead timber
is what is known as Little or Young beach. It is
composed of short hillocks of drifting sand, which
are changing with the wind. It is thinly covered
with emall cedars. The part of the beach which is
covered with live timber, together with the inter-
vening savannas, is known as Old beach. The sand
is in long, narrow ridges, which are parallel to the
shore ; it contains a very small percentage of clay,
go that old and heavy timber grows on it, and the
sand does not drift with the wind. The narrow
valleys between these ridges are covered with grass
or rushes, and in winter and gpring are partly filled
with water. They are called slashes, and are the
favorite resort of water-fowl. Some of the slashes,
as well as the ridges, arc a mile or two in length,
though the latter may not be a red in width or more

.// mn SAND
7 // woean Tmesr than five or six feet high.

Yes. KILLEDBYTIDG

This peculiarity of parallel ridges is scen very
plainly on the Seven-Mile Beach, as well as on
this ; and it was quite as plain on Absecum Beach
before the streets of Atlantic City .were, graded.
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On the narrower beaches it does not appear, nor at
the south or south-western ends of the wide oncs.

. . K
These parallel ridges are not of equal heights, some of 45\\-. A
. dIEMIL LT
- those on the western side are very low ; so low that

the marsh cutirely covered them, and they are only
recognized by the rows of dead trees standing in tho
marsh to mark the position of what was once
upland. The diagram gives the full height of the
ridges, but the hillocks on the shore arc very
irregular; frequently higher than those shown here.
The highest that has been measured is thirty-four
feet high ; and most of them are much lower than
this.

Fig. 81, which is here inserted, is a section on
Delaware Bay shore, just south of the stcamboat
landing, on the west of and about a mile from Cape
May Light-house. It differs from the last only in
having no marsh behind it, the last ridge of sand
lying on the upland. The parallel ridges, with
their heavy and old timber, and the dunes next
the water’s edge, are the same as in the last figure.

The little piece of water marked Lily Pond is
fresh water, and was formerly used for supplying
ships. In later times it has been filled with salt
water in severe storms, and aghin has been for a
long time fresh. The slow movement of water in
the sand is such that rain falling on it simply sinks
down and presses the salt water farther down or out
sidewise, withont mixing much with it. It is in
this way is explained the fact that fresh water can
be found by digging a few 'inches beneath the

surfuce anywhere among the beaches along the sea- waivn
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The view on the next page of the beach at Fishing Creek, on the Dela-
ware Bay shore, in Cape May County, shows the wild and wasted appear-

- ance of the beach where it is exposed to the winds. Tlhe drawing was

made the day after a severe easterly storm, and the vessels in the distance
are those which have run into the bay and anchored behind the cape, to

escape the fury of the winds.
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These views of the beaches cover almost all the varieties. The sand
hillocks along the water are forming now by the action of the wind. The
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long, narrow beaches, are not making at the present time and probably
have not been since the subsidence began.

Regarding the accumnulation of sand-hills, De La Beche says “ a low line
of coast with a shallow sea outside, and presenting a fair exposure to
breakers, is usually sufficient for their production. The greater amount of
shore dry at low water in tidal seas, and the greater the exposure to preva-
lent winds, the larger is commonly the accumulation of the sand-hills,
other conditions being equal. The cause is sufficiently obvious, A large
tract of sand exposed between high and low water-mark, and under the
influence of & strong on shore wind, is soon partially dried on its surface,
and the dried sand is swept inland beyond the reach of the breakers of the
rising tide, which could have again caught this sand in mechanical suspen-
sion, and have distributed it.” ¢ Where the river waters are insufficient to
contend with the beach-piling action of the breakers, the outlet for the
fresh waters is completely erossed by the beaches, and lakes are found
behind them, the surplus water percolating through the shingles,” or when
they have accumulated sufficiently cutting their way through the sand-
bank, and the lakes themselves are finally filled with mud and grass roots
like our salt marshes.
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AZOIC FORMATION.—CoxNCLUDED.

CHAPTER III.
ROCKS.
CRYSTALLINE OR METAMORPHIC LDMESTONE.

Turs important member of the Azoic Formation may be described in its
several exposures in the same order which has been followed in describing
the different belts of gneiss.

In the Southeast Belt of the Azoic Formation four small outerops of the
crystalline, or metamorphic limestone are known, viz : Two in the Wynokie
Valley, a third north of Montville near Turkey Mountain, and the fourth
near Mendham, in Morris County. In the Wynokie Valley this rock
appears on lands of David Kanouse, cast of Ringwood Creck and about
half a mile from the village of Wynokie, occupying a limited area at the
foot of the Ramapo Mountain. About one mile west of the valley road is
another larger outerop, trending northeast and southwest along the border
of the plain for nearly two miles. Its breadth is irregular, ranging from.
one hundred yards to a quarter of a mile. At several points it has been
quarried for ime-burning. The stone is quite impure, being mixed with
other rocks.

North of Montville and east of Turkey Mountain, is another locality of
erystalline limestone lying in the gneiss. There are two separate outcrops,
the western one of which has a northeast and southwest direction, while
the other runs northwest and southeast. A coarsely granitoid rock, with
some pyritiferous beds of gneiss, cccur in the western exposure. The east-
ern outcrop consists of two bands, separated by a few beds of gneiss. These
all dip steeply towards the northenst. This limestone is extensively worked
by the Boonton Iron Company for nse in their furnaces. It is white and
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crystalline. Analysis shows it to be a true dolomite. Between the beds
fine specimens of asbestus and serpentine are found.

East of the village of Mendham and near the Washington turnpike, is a
very limited exposure of a grey, crystalline limestone, on the farm of Henry
C. Sanders. Serpentine occurs disseminated through it. Scales of mica
also abound in it. It has been used for lime. It contains some magnesia,
in addition to that which exists in the serpentine.

The Second Belt of the Azoie Rocks contains no known outerops of this
limestone. Between this and the Z%¢rd Belt, and in the latter, there is a
greater area of this rock and a larger nunber of localities where it occurs,
than in all the other Azoic subdivisions.

From the isolated gneiss hills, known as Mts. Adam and Eve, and Round
ill in New York, there is a scries of outerops of crystalline limestone, on
the west side of the Vernon Valley, extending into the valley of the Wall-
kill, east of Hamburg and Hardystonville, by Franklin Furnace, to Stirling
Hill, forming a range of this rock twenty miles long. Although there is
not a continuous exposurc of the rock, the frequent outcrops and the
absence of Paleozoic rocks indicate an nninterrupted extent of this limne-
stone. In New York the Drowned Lands border its western margin, from
Mt. Adam to the Pochuck Mountain near the state line. Thence to West
Vernon or Smithville and a mile beyond, the range borders the Pochuck
Mountain. Thence to Franklin Furnace the magnesian limestone bounds
it on the west. South of Franklin Furnaee, or from Mine Hill to its southern
limit, the gneiss of Pimple Hill range joins it on the west. On the cast,
from Stirling Hill to the Franklin Furnace and Snufftown foad, blue lime-
stone lies in the valley. TFrom this northward to a point due east of West
Vernon, the Hamburg Mountain bounds this limestone tract. Thence
north to the state ling, the blue limestone crops ont on the east of i, in the
Vernon Valley. The rock continues in New York with the same relative
position.

The boundary of this tract in New Jersey may be more fully described by reference
to the roads, streams, or other landmarks met along its course. As located, it follows
along the Pochuck Mountain, keeping close to the road west of Pochuck Creek for one
mile from the state line, or nearly to P, J. Brown’s residence, Then diverging to the
west il crosses a road leading over the mountain near a small tributary of the Pochuck
Creek. Thenee to the Pochuck Mine the boundary lies in a narrow valley, formed by
the mountain on the west and the limestone ridges snd knobs on the enst. A little
south of the mine it passes around the end of a small tract of blue limestone, and on the
cast side of it to the Hamburg and Vernon road mncar the Hardyston township line.
South of this road to Hardystonville the accumulation of drift on the surface is such g
to render necuracy very difficult. Judging by some gneiss lediges east of Hamburg, sup-

posed to belong with this limestone, it3 western bonndary is most likely very ncara
direct course between these two points. From Hardystonville the road to Franllin Fur-
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pace runs on this border of the tract for about three-guarters of a mile, beyond which the
line diverges from the road and runs southwesterly to tho zine workings on Mine Hill
near the Hamburg road.  Across this hill the line is from fifteen to foity feet west of the
" zine ore-bed. Passing under the furnace, the western boundary line pursues a south-gouth-
west course on the west slope of several ridges, by Mud Pond, west of Stirling Hill, to
the corner of the Wildeat and Monroe Corner road. Following the road a short dis-
tance, it Tuns to & small stream, south of Stirling Mine, where this tract of limestone ter-
minates. The eastern boundary is supposed to coincide very nearly with the border of
the hills on the margin of the meudows to the end of the drift-bank whicl crosses the
valley from Ogdensburg to the zinc mines, Crossing the outlet of Mud Pond the kill is
the eastern boundary to the Furnace Pond. It then runs a northeast course over Mine
Hill, across the toad, and sweeps around the north end of the blue limestone of this
valley, returning almost to tho Snufftown road. It meets the west foot of the Hamburg
Mountain near this road. A parrow valley or ravine scparates a ridge of the limestone
from Hamburg Mountain for a mile in a northerly direction. Beyond this ridge the
drift so covers the rock of the valley that if is not certain where the eastern line of lime-
gtone rung, unless the foot of the mountain is taken as the limit in that direction, which
is most probable. This line of actual outcrop of gneiss, bordered by drift, crosses the
Hamburg and Snufftown road about one mile southeast of Hardystonville, near the corner
of aroad, North of this the erystalline limestone crops out nearer the foot of the moun-
tain and at shorter intervals, Its boundary runs near the Edssll mine, and along the
road thence to the corner of the Vernon and West Vernon roads. In the Vernon Val-
ley, from this point onward for o mile or two, the drift renders the further delineation of
the line quite difticult. It ia represented as running northeast obliquely across the creek,
to a cross-road near G, W, Houston’s residence. Thence its course is in the same direc-
tion, by a distillery, and equidistant between two parnllel roads which run up and down
the valley, west of Black Creck, to G. Drew’s. Slightly defiected to the east it ap-
proachies the main road of the valley west of the creclt, and crosses itnear a small stream
by A. F. Walling’s house. The blue and white limestones are separated by a depression
for o mile or further from Walling’s southwesterly. Northeast of Walling's the boundary
crosses the meadow, but its exact location is very uncertain in consequence of the drift
and allivial deposits along the creck valley, The boundary emerges from the low
meadows, near a saw-mill, about a half mite south of the New York line, and near Wm.
Drew’s house. Thence it goes northeast across the Amity road and passes beyond the
state line, a few rods cast of said road.

The surface of this tract or range of crystalline limestone is very jagged
and uneven. Rocky knobs and ridges, generally covered by straggling
cedars, occupy the whole area embraced within the limits of the bounda.
ries just described, excepting the patches of meadow, and those portions
where the drift has covered up the inequalities of the original surface.
Some of these ridges are of considerable length. Thus the rock of the
Stirling Hill and Mine Hill range is, excepting a short interval along Mud-
Pond Brook, north of the former hill, a continuous outcrop, traceable from
_ its soutliern extremity quite to Hardystonville. East of I'ranklin Furnace
is a narrow limestone 1'idgc, nearly bare of soil, running for nearly a mile
north and south aleng the foot of Hamburg Mountain, East of Hlamburg
the drift has left but few ledges uncovered. There are, however, several
outerops—at Edsall’s quarry, Rude’s quarry, and the ridge near the Ham-
burg Mountain cast of West Vernon. West of these to Hamburg no
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rock appears, except a band of gneiss on top of the high ground, probably
associated with ledges of limestone that are concealed by the drift. In the
Vernon Valley no ledges appear until near the state line the limestone,
oceurs east of the creek. West of the creck the continuity of the outerop
is less interrupted. Beginning on the south at the township line, a high
ridge lies between the road and the mountain, passing west of West Vernon
or Smithville, and extending north, although somewhat lower, to the Deck-
ertown road. Throughout the whole length of this ridge the outcrop can be
traced. North of this the ridges succeed each other at shorter intervals.
North of A. F. Walling’s there is a large area on cach side of the road
showing ledges in the surfaco. Further north and near the state line only
a few knobs of the rock are to be seen rising out of the meadows west of
the creck. On the other side of the stream, however, the whole upland
surface is limestone thinly covered in places with soil. The same surface
features continue beyond the line into New York to the end of the tract.
While in New Jerscy the breadth of the tract is on an average about one-
third of a mile, and rarely exceeds a half mile; just over the line at Amity
it is fully two miles. The range scems to thin out and at last disappear
towards the southwest,

The rock over such a large district of country varies considerably in its
form of crystallization, texture, color, composition, and imbedded mincrals.
Generally it is coarsely crystalline, being made up of large rthombohedral
erystals. Sometimes it is finely granular and even amorphous in appear-
ance. The color is sometimes of a greyish or pinkish tinge, but most
generally it is of a pure white, its lustrous cleavage smrfaces giving it a
bright and resplendent aspect. The duller varieties are harder and some-
times a little silicious. Nearly everywhere the rock contains graphite in
brilliant scales, disseminated through the mass. While these are not suffi-
cient in amount to materially affect the composition, they do give it a
different aspect. Mica is also a quite common mineral in it. Many other
minerals rare and valuable occur in it, throughout all parts of the range.
Besides these mincrals which lie in the limestone itself, there is a great
deal of gneiss and granite, or rather, syenitic gneiss, associated as rock
masses with it. These appear in all parts of the tract and very frequently,
running a few yards or rods and then suddenly disappearing, giving way to
the limestone. The two rocks seem to be interstratified, alternating in
beds more or less thick, as can be seen at many points, having the same
strike and dip, wherever these can be ascertained. These alternations of
gneiss and limestone are finely exposed at Mine I1ill ; southeast of Hardys-
tonville, on the road to Snufftown ; on the road going over Pochuck Moun-
tain to Deckertown, and east of the road near P. N. Ryerson’s, besides many
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other localitics. Wherever observed the dip is to the east or southeast at a
Brook, steep angle. The section, IFig. 82, of the
rock near Iardystonville shows the inter-
stratification of the white limestone and
gneiss. It is of some interest, for many
observers have assumed that the gneiss was

MON

Crownilne bmetons. i1y (ikes, and of igneous origin; but it is
believed that an examination of the locality
will satisfy any one that the gueiss is con-
formable to the limestone, and that it is of
the same age and origin. A reference to
the table of dips will present a few locali-
ties of dips. Some of these included beds
of gneiss, are but a. few yards in length,
while others have a length of one hundred
or two hundred yards, and are from forty to
one hundred yards in breadth. The largest
Gastas, observed was one running southwest from

P. N. Ryerson’s house, two hundred yards

long and one hundred and twenty yards
erytatieo imanione, wide. Most of this gneiss is syenitie, a

/ coarse granular mixture of feldspar, quartz
% and hornblende. Sometimes mica appears

Gnelsa.,

Cryvtalline llmestone.
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" /‘/ . in it. It is possible that some of these are
by 4 Ttnde's Road. lik d not included beds. The only

dikes, and not included beds. e only
known true dikes are of trap at Mine Flill, where they are seen crossing
not only the whole breadth of this limestone, but also the gneiss, sandstone,
and Dblue limestone. These are very small, only a few inches thick.

At present there are no quarries in all this extent of limestone that arc
worked. It has been burned at several points for lime, but this business
has almost ceased. Analyses of specimens from several localities show
a nearly pure carbonate of lime, except at Stirling Hill, where some of the
rock is a true dolomite.

West of the above-described large tract, near and at North Vernon, are
two detached outcrops of this rock, apparently surrounded by gneiss:
although the thick covering of earth and boulders conceals much of the
rocky substratum of the country. The first outerop, going up the moun-
tain, is in North Vernon. It is seen in the road a few rods west of the
saw-mill, and near P'. Van Nostrand’s. The brook is its southern limit,

40
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and along this it appears from its castern exposure nearly to the bridge.
It stretches away on the northeast in the form of a low ridge, to a small
stream, which is tributary to the main brook. Its length is about three
hundred yards, and its breadth two hundred yards. If it extends further
cither way from these terminal points, the drift is such as to prevent its
being traced out.

Southwest of the above-mentioned locality is another and larger outcrop
of the limestone. It lies east of and parallel to-the road. Tts length,
starting about one hundred and sixty yards south of Nelson Rhoades’ to its
southern limit, is about one-third of a mile. It is quite narrow. The rock
ts very similar to that of the Vernon Valley.

West of the main belt of rock and southwest of Franklin Furnace, is an
isolated, narrow outerop of white limestone, much more intermixed with
gneiss. DBeginning near the head of a ravine west of Mud Pond and east
of the Wild-cat road, it forms the western bank of a ravine for half a mile
in a northerly direction. Growing wider, it attains its north limit a few
rods east of the above-mentioned road and about half a mile southwest of
Franklin Furnace. Its length is about one mile, and its” extreme breadth
does not exceed three hundred yards. It lics in a wild and wooded district,

. and has never been uged for any ‘economical purposes. There is a large
area of gneiss within its boundaries.

Crystalline Limestone northwest of Sparta in the Pimple Hills Range.
Near the west and southwest foot of Pimple Hills therc arc four separate
outerops of this limestone. They arc all of small extent and lie in the
midst of the gneiss rocks of that region. Our description begins with that
nearest to Sparta, near Abram Woodruff’s, and about one hundred yards
east of the Lafayette turnpike. This i3 a rocky mass close under the gneiss
hill to the east of it. The ruins of a kiln attest its former use in making
lime. Along the game range and north of thig, is the largest outerop in
this group of exposures. It may be connected with that at Woodruff’s,
though no ledges could be found between them, or other indications of a
connection.  Beginning southeast of J. B. Titman’s farm-house, its length
on a north line is about a quarter of a mile. At the south end it is between
one hundred and two hundred yards in breadth. On the north it is lost in
the alluvial deposit of the swampy meadow. Here it becomes quite narrow.
It lies east of Titman’s house and constitutes the watershed nearly its
whole length, between this little valley and that of the Wallkill on the
east. It 1s white, compact and generally finely-crystalline, although some
beds are saccharoidal in appearance.

Down the narrow valley about half a mile, and near the Lrook and an

»
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old milldam, is an island in the meadows showing ledges of white, crystal-
line limestone. Its avea is very limited, not one hundred yards in diameter
at most. One hundred and fifty yards beyond this is another outerop,
under a rocky, precipitous cliff of Pimple Idills. A narrow ravine separates
it from the gneiss on the east. It appears in the west bank of this ravine
for a few rods. It is a beautiful rock, massive and studded with graphite
seales and thin flakes of silver mica. These give it a pleasing aspect.
There is a small quarry in the face of the hill.

In the valley of the Wallkill, between the south end of the Stirling Hill
range and the head of the kill, are several localities where the erystalline
limestone is exposed over small areas. North of Sparta, the first outerop
is about one and a quarter miles from the village and about three hundred
yards west of the Wallkill, at the margin of the meadows. Tt is seen in o
few low ledges of Leantiful white stone, » few rods cast of the gfeiss of the
hills. South of the village, and lying between the stream and Briar Ridge,
are three knobs of this limestone. First, going np the valley, i a low,
flattened Lnoll of a few yards area, on which the rock occurs. This i3 a
little south of west of Th. MeDavit’s place, and perhaps half' a mile south
of the road leading to Newton. It is very closc to Briar Ridge, but sepa-
rated from it by a narrow strip of meadow. Southwest of McDavit’s is a
low ridge of the same rock, also lying close under the steep casterly face of
Briar Ridge, and separated by a little meadow. Its area is quite limited.
Near the head of the valley and west of the stream, on the township line,
is the largest of these ontcrops, forming a wedge-shaped ridge half a mile
in length from northeast to southwest. At the south end it is high and
narrow. Towards the north it grows broader and is more covered by drift,
until it disappears under the meadow. Driar Ridge is close to it on the
west, At the southwest end the limestone is 2 fine-grained, white mass,
with some graphite scattered through it. Towards the other end therc is
more gneiss interstratified with it. Some of the latter rock is remarkably
coarsely-crystalline. It has not been worked excepting for rare minerals.

Following o southwest course from the Sparta Valley, across Byram
Township to the Sussex Railroad, several erystalline limestone loealities are
passed.  They are all of very small extent, and are isolated outerops in the
midst of the gneiss. Beginning near Stag Pond, there are two localities
south of the pond and near the road to Roseville. One of these is north of
Isaac Goble’s house, near the road. Only a small surface appears. The
other is about three hundred yards southerly from thig, and on lands of
Smith and Groff, near the house of Mies Smith. It is a low, ellipsoidal
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hill, of very white and beautiful stone, about sixty Ly forty feet in dimen-
sions. It is not more than half a mile from Stag Poud. Neither of these
localitics has been worked. About half a mile southwest of the last-men-
tioned loeality is another hillock of limestone. It rises out of a meadow
and near the head of one of the tributaries to the Pequest River. Its
diameter is about one hundred feet. It is rather yellowish in aspect, and
mixed with a great deal of gneiss. West of Wright’s Pond, on the lands
of Cornelius Wright, are outerops about two hundred yards apart on g
uortheast and southwest line.  The largest area is about two hundred yards
in length by one hundred in breadth, ranging northeast from the Roseville
and Andover road to a small brook. The drift here is so great that but a
gingle ridge of the other outerop is to be secen. At none of these places has
the rock been worked. Along the outlet brook from Stag Pond, and near
its junction with the Punkhorn Creek, is a more extended exposure of this
limestone, on lands of O. Himenover. Beginning about one hundred and
fifty yards from his house, the rock ranges north along the west side of
the brook for over a quarter of a mile. Its extreme breadth is one hundred
yards. It occupies the eastorn face or slope of ahill, bordering the meadow
on the east and abutting against the gneiss on the west. The dip is steep
to the cast-northeast. At the southern termination the rock is quite coarsely-
erystalline. It becomes finer further along on the hill, and graduates into
a quite soft, fine-granular limestone or marble. Most of it is pure and
tolerably free from imbedded minerals. Quarrying has been done at several
points for making lime and also in searching for marble,

At the Rosevillo mine the limestone again appears, rather as a erystal-
lized constituent of the rock than as a limestone. It predominates largely
in somo of the beds and enters somewhat into the composition of the iron-
ore here worked. The knob in which it is found has a considerable body of
gneiss on its west and north sides, while on the east the calcite predomi-
nates. A depression in the surface separates it on the east from the main
mass of gneiss rock. On the other sides it is bounded by the roads to Rose-
villeand to Sparta. This locality has not been worked except as got out
with the iron-ore.  The admixture of foreigh mincrals is probably too
large to admit of its nse for any economical purposes.

Along the Andover and Stanhope turnpike, about one mile north of Lock-
wood and near the Cranberry Reservoir, is a considerable area occupied by
white limestone. It is about three hundred yards in diameter and is cut in
two parts by the road. Gneiss beds and “ horses” occurin it. The limestone
is very coarsely-crystalline, made up of large rhombohedral erystals, with
scales of graphite distributed through them. Other minerals are found
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more sparingly in the rock. It is used at the Stanliope Furnace and a
large quantity of stone is annually taken from the quarry through which the
public road passes. Analysis shows it to be nearly pure cabonate of lime.
Northwest of this and west of the road is another more limited area of the
same variety of rock. Its oxtent from northeast to southeast is about one
hundred and twenty yards, while it is only fitty feet wide. The turnpike
is its northeast limit. The little hill or kmnoll, in which it appears, is
mostly of gneiss, and the two rocks are geen in contact, dipping at a steep
angle to the northwest. The limestone forms the northwest portion of the
hill, and is exposedin the railroad cut eloge to the reservoir. A rock, known
ag * the marble limestone,” is said to lie in the reservoir about one hundred
yards from the outlet. It is probably & erystalline limestone.  Of its limits
and character nothing more is known to the survey. The above deserip-
tions include the several isolated outcrops of crystalline limestone which are
situated on a line with the Sparta and Vernon valleys, but whicheeem to be
disconnected from that range of limbstone, and also from one another,
lying asit were,on the top of the highlands, and near the sources of the
Wallkill, Pequest and Musconetcong rivers.

The western border of the gneiss between the Pimple Ilills and Ala-
muche Mountain is skirted by several short ranges of the white or crystal-
line limestone. These are all bounded on the west and northwest by the
blue limestone valley, although the two rocks never appear together on ac-
count of the latter being covered by later deposits. The first range of the
erystalline rock on the northeast is that in which the Sussex Lead Mine is
sunk, north of Howellsville. It extends along the east side of the road
from Pinkneysville to Monroe Corner, from the brook running from
Howell’s mills, to a point abont forty rods northeast of Joseph Current’s, or
the road-corner. A slight depression of the surface marks the boundary
between it and the gneiss east of it. West of it are the meadows along
the Paulinskill.  This ridge is perhaps a hundred feet above the meadows.
The rock is highly erystalline and quite impure in consequence of the large
percentage of minerals peculiar to this rock. A number of mineral species
have been found heve, inclnding the lead ore, or galena, which was form-
erly worked by the Sussex Lead Company. Coarse, granitoid gneiss oceurs
in beds aliernating with the limestone. Graphite characterizes all of the
rock found here. An analysis of the stone gives ninety-one per cent. of
carbonate of lime, and six per cent. of carbonate of magnesin, so that it
is alinost a pure limestone,

A few rods southwost of the Howellsville road-corners is another, but very
small outcrop of this rock. It ocenrs on the sountheast side of the road and
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opposite the house of N. Case. South of Hall’s Pond and on the goutheast
of the road, is another outerop.

North of Andover and about a half of a imile southeast of the Andover
Mine is a detached hill of limestone highly crystallized. The brook cross-
ing the road at the saw-mill bounds it on the north; the road separates it
on the cast from the gneiss; while on the south another stream flows along
its basc. Meadows bound it on the west. The stone here is generally
white, and highly crystalline. Some specimens have a pinkish or greyish
hue. The quarrics here are extensively worked for the Boonton Iron Com-
pany. The stone has also been used for burning into lime. Analyses of
the several varieties indicate it as approaching ealeite in purity, Only
traces of magﬁesia. are found in it.

The limestone at the Chapin or Glendon Iron Mine, southwest of An-
dover, and near Decker’s Pond, is the last in this series of outerops along
the western border of the Azoic Formation. It ranges parallel to the road
from the mine northeast to & point due cast of the pond—its extent being
three hundred and fifty yards, while it is about sévent_y yards broad. The
recent deposits of the meadow and also the pond border it on the west,
beyond which is the blue limestone. Gueiss appears east of it between it
and the road. The rock is variable in texture and color at different points
in the range. Most of it, however, is highly crystalline. Bands of gneiss
crop out within its limits conforming to the strike and dip of the limestone.
Galcite occurs at the mine mixed with the ore. This locality has never
been tried for lime.

In the Fourth Belt of the Azoic Formation tracts of crystalline lime-
stone cccur along the east side of Jenny-Jump Mountain, near Oxford,
at Roxbury, Harmony, and in the Marble Mountain near the Delaware
River. Although they are thus scattered along a distance of over twenty
wiles, they are, however, nearly all on a straight line drawn through this
belt from northeast to southwest. While this rock is properly a crystalline
limestone, it seems to be more mixed with foreign minerals than the same
rock at the Sussex localities, Along the Jenny-Jump Mountain especially,
it seems intimately associated with several magnesian minerals. For a
fuller and more precise deseription the several localities are-given in detail.

From the north end of Jenny-Jump southward for two miles, there is an
ahnost unbroken outerop of the crystalline limestone, occupying the several
low ridges which lie at the castern base of this mountain, between it and
the Great Meadows on the east. The road along the.mountain from Dan-
ville to Johusonburg crosses this tract and exposes a great many ledges of
the rock. The margin of the meadows marks the eastern limit of the lime-
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stone from its south end to the Howell Neighborhood, whenee to the north
end of the mountain the boundary coincides with the border of the level,
alluvial plain, which here stretches along the mountain north of the Great
Meadows. The dividing line between this tract and the gneiss of Jenny-
Jump pursues a nearly direct course from its‘starting point on the north to
the southern limit of the limestone. Its course is marked by a slightly
depressed surface, which runs one hundred yards west of Azariah Davis’
place, and nearing, strtkes the road, and then follows southward to its
terminus. The extreme breadth of this outerop is three-quarters of a mile.
Its surface is very uneven, being broken by a succession of ridges and vales
that follow one another in no apparent order. Large areas are occupied by
gneiss rock, as well as smaller bands and ledges, all apparently interstrati-
fied with the limestone. This alternation of the two rocks in parallel beds,
is finely exposed on the road for one mile from its north point. Magnetic
iron-ore occurs at several places in the gneiss on the east side of the road,
and is to be seen at the workings known as Shaw’s Mine. Copper pyrites
also oceurs in a greyish quartzose rock on the northeast portion of this
tract. The limestone varies greatly within these boundary lines. In places
it is beautifully erystallized, and appears in very firm and solid beds, quite
tree from impurities. Other specimens are flaky in structure, and largely
mixed with steatite and other magnesian minerals. Some fine specimens
of steatite occur in the rock, west of the road and near Davis’ place.
The dip at the north end of the outerop is 75° 8. 35° E. The gneiss and
the iron-ore indicate about the same direction and amount of dip.  Analysis
of a fair specimen showed a considerable percentage of magnesia, approach-
ing a dolomite in composition. A small kiln at the south end las been
used once for burning this stone. No other trials of it have been heard of
during the progress of the survey.

South of this large outcrop are five very small ones, all along the road
to Danville. The first one, going south, is one mile southwest of the tract
just deseribed, and on lands of Warren G. Potter. It lies in a narrow belt
between the road and the Great Meadows, and Las a range northward from
his residence of about two hundred and fifty yards. Gmelss borders it on
tha west, appearing between it and the road, and also is scen at intervals
along the margin of the meadows cast of it. It disappears on the north
under the peaty beds of the Great Meadows. Near Potter’s house the rock
is white, erystalline, and firm, and incloses some specks of serpentine.
Elsewhere it scems more mixed with magnesian minerals. About one-
quarter of a mile further on, southward, thére occurs anothei of these
limestone hillocks. This is about onc hundred and fifty yards long and
about one-third as wide. It stands at the edge of the meadow. The
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strata- of limestone here are very impure, being associated with beds of
greenish, tough rocks, apparently of igneous origin. Some magnesian
minerals occur at this locality.

At an interval of another quarter of amile we again meet with a ledge of
the limestone in a ficld northeast of the road and near the turn. The nu-
merous gneiss ledges around it renders it necessarily of very limited extent.
The next appearance of the limestone is at the corner of this and the Hopo
and Danville road. Tt shows itself about fifty yards on a northeast and
southwest line, and is about forty feet in breadth. On both east and west
are ledges of gneiss. Some of the rock here is white, but the mass re-
sembles some varieties of gneiss. The presence of small crystals of angite
and gome graphite scales gives this aspeet to it. It is properly a variegated
marble. It has been tested with a view to its use as a marble or ornamen-
tal stone, for which its appearance is so well suited. Southeast of this ledge
and near the residence of Wm. Miller, on the road to Danville, just enough
of the variegated, crystalline limestone appears to indicate its true position
a8 & ledge—in place.

Leaving Jenny-Jump Mountain the next appearance of the limestone is
in o valloy running a little north of east from Oxford. This depression of
the Scott’s Mouptain runs across to the Pequest Valley, north of Oxford
Furnace. The white, crystalline limestone erops out at frequent intervals
through the valley, from Oxford easterly, nearly to the Pequest. ~ The rock
is, no doubt, a continuous formation along the whole length of exposure.
Its eastern limit is on the farm of E. Fortner, making an extent of nearly
two miles. The valley being narrow, thelimestone is also contracted within
narrow bounds. It may average a quarter of a mile, or perhaps a little
less. Its dip is generally alarge angle to the east as the table of dips will
show. In structure it varies from fine-grained or saccharoidal to coarsely-
crystalline. Generally it has a greyish-white tinge, but specimens are to
be found ranging from light to dark-colored. It has been quarried on five
farms throughout its length in the valley, and yields a goodlime. From
geveral analyses the composition appears.to be nearly pure carbonate of
lime. Southeast of Oxford on the Brasscastle road, near the residence of
J. Coles, is a ledge of white limestone crossing the road, and running a few
yards northeast of it into an adjoining field. This has a width on the road
of only twenty feet.

Near the township,about half a mile northeast of Roxburgh, there oceurs
on the east slope of a low ridge some white limestone, much mixed with
other rock. As traced on the surface by the reddish-brown color, which
it imparts to the soil resulting from its decomposition, its limits may be
put at one hundred and fifty yards long by one hundred in breadth,
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The next appearance is at Roxburgh, just above the village, near an old
millsite. It is bounded on the north by the road that runs east from the
village, on the south by the brook, and is only a few yards wide. The
limestone is mixed with steatite green hornblende and some black mica.
East of itis found a greenish, tough rock with a steep dip to the southeast.
At Lower Harmony we again meet this limestone covering an area of about
eighty acres, extending from the road-corner near the Methodist church to
Peter Kline's residence. Magnesian minerals oceur in it. Generally it is
quite soft and finely erystalline. Its color is bluish white, being made up
of lamin® of white and bluish-white masses. It forms a brown-colored soil,
that is very fertile. West of it is gneiss. On the east and north it is
bounded by blue limestone.

The last appearance of the crystalline limestone to the southwest is in
the southwest end of Marble Mountain, along the Delaware River. Beds
of greenish-white and white limestone, with a considerable admixture of
mica, and an unknown green mineral ocenr here, interposed between the
strata of gneiss, all dipping 50° N. 40° W. The erossscetion of these cal-
careous beds as here observed, measures forty feet. Immediately under
them is a micaceous gneiss, while overlying them is & dark-colored gyenitic
vock. This locality is on the side of the river road, above the Delaware

«Belvidere Railroad, and but a few rods from the southwest point of the
mountain. The above description embraces all the white or erystalline
limestones found along this Marble Mountain. Rumor gives more, but
these are all that the survey conld learn of or discover.

MAGNETIC IRON-ORE.

The Magnetic iron-ore is in regular beds or strata in this formation, and
so is properly entitled to a place among its rocks. Under the head of
Geological Structure, p. 53-8, the peculiarities of its occurrence in the gneiss
and crystalline limestone rocks has been given, and under the head of Dikes
and Veins, on p. 61, the reasons for considering it u sedimentary rock have
been assigned. The beds arc comparatively thin, varying in thickness from
one to ten feet, or in some rare cases swelling out to twenty feet. They are
not in continuous sheets or strata, extending out in every dircction, hut are
in long and narrow strips which stand on edge, and inelined so that the end
towards the northeast is in all cases descending Dbeneath the surface. The
breadth of these strips is in some cases only a fow feet, and in others it is
go great that, with its obliqus position, it can not be accurately measured ;
it may be o mile however. The length of these strips is unknown. In

some cases their end is reached in a fow hundred feet of mining, in others
41
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- the work of mining is going on, and there is no present indication but that

the ore may continue on for thousands of feet. The amount of this rock
compared with that of the gneiss is very insignificant. In passing entirely
across the Azoic Formation, in which the rock stands mostly on edge, and
which has an average breadth of perhaps fifteen miles, there would not be
found more than twenty-five feet thickness of iron-ore strata. It is, how-
ever, of immense value, and of the highest importance to the industrial
interests of the state. On this account it has been thought best to bring
together the details connected with this interesting subject under the head
of Economical Geology.

For the extent of this rock reference may be made to the maps of the
Survey, where all the principal mines will be found marked. In addition
to the Azoic map, which, on a scale of two miles to an inch, gives the loca-
tion of the principal mines between the Hudson and the Delaware, a
special map of a group of iron mines near Dover and Rockaway has been
prepared on a scale of three inches to a mile, and other maps of the mines
at Oxford Furnace, Franklin Furnace and Ringwood have been drawn on
a scale of eight inches to the mile. The study of these maps will give a
better idea of the location of the iron-ore beds than any amount of print can.

The ore is mainly the simple mineral Magnetite, which consists of

Metallic iron......ooivvii i iininnnn v, PR 74 .4 per cent.
OFFgen. . e e e 0
100.0

As mined it is always mixed to a small extent with other minerals. Of
these gnartz, feldspar, mica, hornblende, and the other constituents of rocks
are ordinarily considered to simply impoverish the ore, while sulphur,
phosphate of lime and arsenic are thought to injure the quality of the iron
produced, and manganese and possibly some other constituents are thought
to improve the quality of the iron. The analyses and description of ores
will be given under Economical Geology.

Tux Zixc-orss occur under the same circumstances, in regard to position
and structure, with the ores of iron, the only differences being in the
metallic base and in the including rock being crystalline limestone. The
details of these ores wiil be given under Economical Geology.

AZOIC ROCKS AT TRENTON.

Besides the gneiss of the Iighland Range, there is a triangular area of
about five square miles at Trenton, which is underlaid by the same rock.
It Las the Delaware on its west side, the Assanpink on the southeast, and
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the Shabaconek on the north. Tts most easterly point is on the bank of
the canal, about a mile southwest of Baker's Basin. Its boundaries cannot
be traced with much accuracy on account of its being covered on the north
side with drift and soil and the cretaceous clay along its southeast border,

The rock is exposed on the bank of the Delaware and near the water’s
edge, a short distance above the railroad bridge. It is also uncovered near
the upper bridge, and also about a half mile further up. It is also cut
through by the Belvidere Delaware Railroad in the back part of the city.
Along the Assanpink it is also bare at several places, as far out as Millham.
* On the Delaware and Raritan Canal it'is cut at a point about four miles
northeast of Trenton.

In structure the rocks are stratified, some very solid, and others schistose.
The strike is about N. 70° E. and the dip varies from perpendicular to
70° 8. E.  The rock is much more like a true gneiss, than that of the High-
lands is. It contains more mica and considerably less hornblende; the
mica, however, is not a large constituent of the rock. Of the specimens
examined some were light-colored, and largely made up of feldspar ; others
were mainly quartz, containing so muech of that mineral that they might
be classed under the head of quartzites. Hornblende in fine granules is
found evenly disseminated through some of the finer grained rocks in suffi-
cient quantity to give them a dark-grey color. The rock is of not much
importance as a building-stone but it is of much intercst on account of
the case of decomposition which it shows. In the rock cut on the Belvi-
dere Delaware Railroad, many specimens of the gneiss arc seen in which
the feldspar is entirely changed to kaolin, and the mass has lost its firm-
ness and easily crumbles to carth. In places where the rock was more
largely composed of feldspar, the decay of the latter mineral has given the
appearance of white clay ; and at Millhan, as well as at various places on
the north side of the Delaware and Raritan Canal, it is dug for fire-clay,
and is also used in making fire-brick.

Small crystals of zircon are found in the rock along the river, and the
analysis of the white clay shows it to contain a small percentage of zir-
conia, :

AZOIC ROCKS AT JERSEY CITY.

An inspection of the map shows that the Hudson River bank at Jersey
City is in a line between the upper partof New York Island and the old
quarantine landing on Staten Island, at both of which places gneiss rock is
found. From this fact it was thought probable that gneiss would also be
found at Jersey City, and on inquiry, it wasfound that rock had been struck
at one or two places in boring for wells, near the river. Andon the vacant
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Upland. square, between Green and Wash-
ington streets, and north of Harsi-
mus Street, a rock was pointed out
by Mr. Robert Bacot, which was

Pasenic River. still uncovered of earth, but only

rose high enough to be seen at low

water. It was a crest of one hun-

KNewark Neck.

INDISINYE O3

Passaic River, .
dred feet or more in length, nar-

row and almost vertical so that
the mud neaf it on either side was
sixty feet deep. It was of schistose
gneiss, dark-colored, fine-grained,
and micaceous, The place where
it was scen is now filled in with
earth. There can be no doubt
that this rock underlies all that
part of Jersey City which lies near
the Hudson. ‘

The section from Newark to
Brooklyn Heights, which is here
inserted (Fig. 83), shows the posi-
tion of the ¢ neiss at Jersey Gity
in its relation to the red sand-
stone, and to the serpentine.

Irom the similarity in forma-
tion and from their being in the
Jereey City, same range, there is good reason
to conclude that Ellis’, Bedloe’s
and Oyster Islands, and Robin’s
Reefare also reefs of gneiss rock
covered by a shallow deposit of
drift and boulders. A visit to
those islands did not show that
any fast rock was to be scen
Enet River, above low-water on either of
them, but their location just on
the western edge of the deep wa-
ter in the river channel, their ar-
rangement on the line between
the exposed gneiss of Jersey City

Meadows.
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and Staten Island, when examined gives strong support to the opinion,
and indeed is entirely convineing that they are a part of the Azoic Forma-
tion which, though lost to view in the middle of New Jersey, appears again
at Trenton, and cxpands to a considerable breadth in Pennsylvania and
farther south, The time is not very remote when these islands were con-
nected and formed the west bank of the Hudson, and the portion of the
bay which is now west of them was filled with the mud and grass of a salt-
marsh., The proofs of this will be shown in connecction with the ealt-
marshes of the Triassic Formation.

SERPENTINE ROCKS OF HOBOKEN.

doboken is an island in the salt-marsh. It is thickly covered with drift
and boulders, but on its eastern side and along the bank of the river serpen-
tine rock crops out. It rises to a height of forty or fifty feet above tide at
Castle Point, and descends towards the north, where it is soon hidden from
observation by superficial deposits of carth. Towards the south it also
descends rapidly, so as to be covered with earth before it reaches the ferry.
It extends on considerably further south, however, as it was found near the
end of the Long Dock of the Erie Railway one hundred and seventy-nine
feet below the surface ;~and as the same kind of rock is found on Staten
Island, it is not unlikely that the two arc parts of the same formation,
which extends along the western border of the gneiss from one place to the
other. Its exposed length, at Hoboken, is not more than one-third of a
mile. On the river side it is cut into to form the walk to the Elysian
Fields, and presents a bold face towards the water. Its western border i
covered with earth and Dboulders. In the open ground south of Castle
Point, where the grading of strects was in progress, the serpentine rock
was uncovered and its western border was shown. The scction on p. 324
shows the location of the serpentine between the gneiss and red sandstone
correctly, but it is not certain that the stratification of the serpentine is
parallel to the red sandstone. It may be parallel to fhe gneiss or uncom-
formable to either. The rock abutting against it was silicious and hard ;
gome portions of it were massive, red and mottled, others greyish and cellu-
lar. There was too little of this rock exposed to be sure of its geological
relations, but it is probably a part of the red sandstone rock, somewhat
changed at its contact with the serpentine, The red sandstone is met at
Jersey City in about the same relation to the river bank. Mr. Andrew
Clerke, in boring for'a well at the corner of Henderson and Montgomery
Streets, found the rock at fourteen feet below high water, and penetrated it
one hundred and twenty-five feet. The rock was red on top, greyish below,
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and very hard. These points give some approximation to the western
limit of the serpentine, and show that the outerop of rock is narrow, not
more than two hundred or three hundred feet at the widest.

The strike of this rock is nearly parallel with the bank of the river,
which is about 8. 20° W. The most conspicuous divisions of the serpen-
tine, and those which arc presumed to be the marks of stratification, dip
75° E. It is of a dull yellowish-green color, opaque, of an earthy fracture,
and soft enongh to be easily eut with a knife. It contains numerous small
‘erystals of chromic-iron. Besides the common serpentine, the variety called
marmolits is found in great abundance, and the rare minerals brucite and
nemalite are found in small specimens. The grading and paving of streets
and the crection of buildings has, however, nearly spoiled IHoboken as a
locality for rare minerals. '

The composition of the serpentine is mainly silicate of magnesia. It
contains about forty-two per cent. of magnesia, and the proposition has
been made to use it in the manufacture of magnesian salts.
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CHAPTER IV.

GEOLOGY OF THE SURFACE.

It is presumed, generally, that the soil of a country is mainly derived
from its rocks. That what is now the rocky substratum, once came to the
surface, and that by the decay and the wearing influence of other agents it
has been crumbled into sand, clay, ete., which make the surface-covering
almost everywhere. This is, undoubtedly, the case with the surface-earth
of the Azoic Formation. Several varietics of soil, distinguished by pecu-
liarities of character and origin, may be specified.

1. Soils which have originated from the decomposition of the rock in
place. There is a large area of this kind of soil. It prevails especially
on the southwestern end of the formation, the hills about Lebanon and
Clinten in Hunterdon County, and all along that range of hills as far as
Denville in Morris County. Chester and Mendham soils are very fine rep-
resentatives of this class. For several feet down mellow earth is found,
and when cut into it is seen plainly to have the structure and stratification
of the original rock—to have lost its stony hardness without changing its
place. Fig. 83, which is a section of the deep cut on the Central Railroad
at Hampton Junction, shows this interesting and valuable peculiarity of
the gneiss,  Another locality of such disintegrated rock can be seen at the
south end of IHigh Bridge, where it is so soft that stcam excavators dig it
out in the same way they do earth. These soils are rolling in surface,
almost entirely free from boulders, and in most places they are in high cul-

tivation,
Fig. 83.

Gneigs partially disintegrated.

TRock cut at ampton Junctlon, Hant. Co.

2. Soils where the rocks are not easily disintegrated. Where such rock
is found its surface is bare or thinly covered with soil, and sustains a scanty
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growth of wood or grass. Soils of this character are found only in limited
areas, as at the tops of mountains, the crests of rocky ridges, etc.

3. Soils composed of earth, stones, and loose rocks, which have the
appearance of being brought together from other places, by some powerful
action like the force of moving water or ice. Such soils are more common
than any others in this region. They are found in every valley, on many
gide hills, and not uncommonly on the tops of the mountains. They are
exceedingly variable in quality, some being so thickly covered with stone
and rocks as to be incapable of cultivation; others, though stouy, have
been cleared, and are occupied for pasturage; still others are sufficiently
free from stone to be susceptible of the very highest cultivation. In some
rare cases the ecarth is so gravelly and coarse as te be extremely poor.

There are a number of large aund singularly formed drift-hills about
BerkshireValley ; the tops of some of them are as level as if they had been
sand-banks which had risen just to the surface of the water. A mile above
Dover, in the valley, is a remarkable terrace of earth and gravel. It is as
level on top, and as bold at its terminal edge as it made by art. There is
another within the sume village; the cemetery is on it. At Stanhope,
almost on the sumumit of the Highlands, there is on the bank of the canal
a mile west of the village, a very regular conical hill of gravel, about eighty
feet high, which stands out quite distinet from the adjacent rocky eminences.
There i3 an immense amount of gravel and sand about Denville in Morris
County. Enormous quantities are also to be scen in the hillocks on the
road from Hackettstown to Vienna in Warren County. Tine hills of drift
are also to be seen in the Ringwood Valley.

4. Soils found on some of the level-bottomed valleys or plains, as Sucea-
sunny Plains, the flat country above the Great Meadows, the Winokic Valley
and others of more limited cxtent. In these the soil appears like the sedi-
ment from a lake. Tt is fine, loamy, free from stones and boulders, and is
delightful to work. Some portions of these, from imperfect drainage, are
swamps or marshes, as the Great Meadows in Warren County.

The extent of these soils is 50 limited in any particular place, and there
are so many places where the varieties may all be seen, that it is not pos-
sible to give localities in detail. The general varieties will be understood
from the descriptions, and those who have considered them will understand
the soils as they present themselves in these various aspects. It will be
understood, too, why no attempt has heen made to define the boundaries of
surface deposits on the maps.

The Azoic region is still to a large extent in wood, and this will most
likely continue so for years to come. With the increase of population
these lands will rise in valwe, and will then pay for a more expensive and

thorough cultivation.
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Drift seratches, which are so plainly marked in some of the trap rocks,
and also in the hard rocks of the Kittatinny Mountain, are not very com-
meon in this region. The rock which is subject to disintegration of course
could not retain them, and in most places the weathering of the rock has
been enough to obliterate these marks. Some indistinet ones were seen on
the southeast slope of the mountain along the turnpike from Berkshire
Valley to Sparta, but no courses were taken. The smoothed surface of the
rock knolls and ridges on the Lroad-topped mountain is a striking character
of them in very many places. Fig. 84 is an outline drawing of this form
of ridge. Counterparts of it can be found almost everywhere.

Te. 84.

e Lt e - E

A large pot-hole was observed in the left-hand gutter on the roadside
ascending the mountain from Berkshire Valley to Sparta, near the top of
the mountain. It is about three feet in diameter, and is three feet deep on
one side, though the margin on the other side is lower. It isin hard gneiss
rock, and looks as if worked out by art. It is known in the neighborhood
as the Indian Pot.

LBoulders are more common in this region than in any other portion of
the state, but as they are mostly of the rocks of this formation, but little
of their history can be studied. Limestone boulders are found in some
places on the northwest slope of the Highlands in suflicient quantity to be
used for burning into lime. An enormous boulder of limestone on the
south side of the Hope and Danville road, and near the school-house two
miles northwest of the latter place, lies on the gneiss rock. 1t is fifty fect
long, twenty-five feet wide, and its extreme height is fifteen feet. Tt must
weigh near two thousand tons; and it has been carried a mile or perhaps
several miles, and has been lifted up one or two hundred feet, Limestone
boulders weighing several hundred tons eaclh are common on the top and
sides of Jenny-Jump Ms. Others of the same kind and of equal size are
common near the top of the mountain southeast of Sparta. Along
Willoughby Run north of High Bridge, on lands of Edgar Lance, cnough
limestone has been quarried to charge five kilns; and it is probably all
taken from a boulder. South of Stanhope, on John Oshorn’s land, a lime-
stone boulder has been quarried into for o 1011.;_1 time, and it is not yet
cxhausted. On the very top of Sparta Mountain, one thousand two hun-
dred foet above the sea, there are gneiss boulders lying loose which weigh
not less than one hundred tons.

42
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Boulders of the peculiar zine ores of Franklin and Stirling Hill have
been found scattered over a wide extent of country to the south of them;
and many expensive mining enterprises have been undertaken where they
were found, under the expectation that ore would be found under the place
where they laid. A great many small ones ean be seen along the turnpike
over the mountain about a mile southcast of Sparta; and there is in a field
of J. B. Titman, not far from the Morris mill, one which will weigh perhaps
a hundred tons.

Magnetic iron-ore is also found in boulders and loose stone ; and in some
cases they have excited hopes of finding iron mines in piles of gravel and
sand. They are usnally small and are very widely scattered.

The cuts on the Morris and Essex Railroad between Dover and Stanhope
are nearly all in drift, and they furnish fine opportunities for the study of
this deposit. At Stanhope cut in a short time, there were recognized in
the drift, boulders of blue limestone, serpentine, white limestone, arenaceous
slate, Oneida conglomerate, Medina sandstone, quartz, and all the varieties
of gneiss.

There are spots oceasionally seen, where the surface is so thickly paved
with boulders that there is no room for vegetation between them, and
cultivation is of course entirely out of the question, Most of them appear
a8 if these loose rocks were once buried in a mass of the common drift-
earth, sand and gravel, and since then all the finer material had been
washed out, leaving only these bare rocks.

NEW JERSEY GEOLOGICAL SURVEY
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PART IILI.

HISTORIC GEOLOGY.

Grorogy has a high degree of interest attached to it on account of its
practical applications in agriculture, mining, and many other industrial arts.
It is still more interesting, however, when it is looked upon as a history of
the earth; of the changes it has undergone, and of the successive ereations
of animals and plants that have inhabited it. In a survey like the present,
which is intended mainly for economical purposes, this branch of the sub-
ject cannot occupy the prominent place; but it may justly aim to add some
contributions to geological science, and to help disseminate a knowledge
of its principles.

The order of succession, and the characteristic peculiarities of the differ-
ent formations, have been given in the preceding part of the report; but
there are many topics of theoretical, and perhaps speculative interest, which
hardly seemed to find a place there, but which may be appropriately re-
corded here.

These topics will be presented as they have come up in the course of the
survey. They are mot necessarily connceted with each other and will be
taken up separately, and some of them areso incomplete that they can only
be presented in the form of questions or subjects needing further investi-
gation. 'The topics relating to the Azoic rocks, will be presented first, and
then the others in order from the lowest to the highest.

Azore Foratation.—The folding of the Azoic rocks, and their great disturb-
ances, took place before the deposition of the Paleozoic. The section showing
the meeting of the Poisdam sandstone and the gneiss (p. 72), demonstrates
that the gneiss must have been in almost vertical layers, when the sandstone
was deposifed onit. At some period long before this the Azoic rocks were
spread out lLorizontally, the gneiss as sandstone and slate, the erystalline
limestone as a blue limestone, and the magnetic iron-ore as a peroxide of
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iron. No localitics within the state are known where the statement in re-
gard to change from sandstone and slate to gneiss, or from blue to erystal-
lineg limestone can be shown ; but one specimen of magnetic iron-ore has
been found in the Kittatinny Valley which is in the form of an orthoceratite,
a chambered shell of the Silurian age. The specimen was about two inches
long, an inch wide, and a half inch thick, and showed the markings for the
chambers plainly. The form is complete and the change to magnetite is
entire for all the outside of the specimen, but through the specimen’ there is
a line of reddish-yellow peroxide of iron. Bischof, in his Chemical Geology,
has long ago asserted this change to be the one by whicl magnetite was pro-
duced, and the specimen substantiates the possibility of such a change.
In the Cretaceous Formnation we have shells in abundance in which the
original carbonate of lime has been replaced by peroxide of iron,  In this
fossil the change has been carried a step further, and the peroxide of iron
by a process of deoxidation has become magnetite.  The beds of magnetic
iron-ore are in layers in the strata of gneiss or limestone.- They are in long
narrow helts, which are parallel -to the general northeast and southwest
strike of the Azoic rocks. They have the appearance of having been thrown
down ng a chemical deposit along the borders of streams or slopes, perhaps
sea-slores, just as oxide of iron is now deposited from spring-water when it
is exposed to the air; just as bog iron-ore is now depositing in many places
in Southern New Jersey, or just as oxide of iron is depositing at the salt-
springs in New York and Pennsylvania. Such deposits Are necessarily of
limited cxtent. They do not spread out over a great area as deposits of
sand or clay may; but are separated from the water in which the oxide of
iron is dissolved by the action of air and the escape of carbonic acid, and
are (uictly precipitated along the banks of rivulets or the shores of larger
bodies of water into which the springs enter.

In the subsequent changes of .level, and the folding which has taken place,
the axes along which the folds have been made, have been gometimes direct-
ly upon these deposits of ore, and at other times have probably been upon
one side of them. The fold in the Hurd ming, which is shown in Fig. 13,
ts an example of folding along the middle part of the bed; so also are the
zinc mines at Mine Hill and Stirling Hill in Sussex County, and which are
shown in the map of the zinc mines.  So too is the fold in the iron mine
just across the Delaware, at Durham in Pennsylvania,® which is so remark-
able that it has been thought best to show a sketch of it here. In each of
these there is some peculiarity, but all are consistent with the general idea

i An inspection of this map shows the bend or fold in the strats of ore, with the direction of
the axis along which they are folded; and the sections show the ore as it ks been met in different
places, and thus verify the statement.

NEW JERSEY GEOLOGICAL SURVEY




ZINC MINE
MINE BHILL

£l J’l(t-t 0!’

g S8
Hormfu“d ‘Projection .

Zongitudinal Sectrorn.

-

/ 04 ' 7

ey 7
77 .WJ‘Z’ % ,,,;,/ 49 ; ;/’;,':,”f/”'/
T T ALY /n/ /’/ m 4/; i
;:G;/{’f;://(, ?’/f;:;” /:‘;? / ”/ ,//,//f/// I;f‘/;’ /} / ff /”
Yy, A
T e ’}’,’94’//”/{/ // /"f Trr Bt

"//;/ ”/f/f {//{///

Vi

e

f
,,/,{//// f
Y Tt
/o / “, :// VAL f
A "///,;f/” "

/ /f/ //_:, ///

s

4,
7,

7

7,

LI e
Py

B

’ (/
//;,{, ’/" %/r‘a’/

£
////// 7 ’”mf/f///z//,,,’;fz/////////; IR

i PN . Y ]
: ”5/,;;/;,”// / //: {r, /,;,,//,?// ,’-3/, ,”;_;/,//'1 ;,; 4; /; % A i ;
i, ;/3,”’;?’94/511{;}}/ ﬂf.,j/ / /y/ ”/ .—r / /,”/,; % / v ;
7 o, i
é/ ;”, ff/f/x/f;;./ .wf///f /f /// Wit ///ﬂ/f’//////
’

{/ //
10502000 ff/// ///h‘,;f / e

NEW JERSEY GEOLOGICAL SURVEY

Pawtolith.by the XY Lath€ Eobr® & Pri¥ Co 6 818 Park Place



P
-

NE HILL

A

-

i
i
i
[
|
fr e '
‘! '
| = /
-A o
i o ‘
[} H [}
g o
1 . _— <
SRS
b . b
i s
| Mﬂf
B o
oy -
o N
L]
X &
N\ o \ M
— x
\ - N
B\
= F
k N
N = =
L R
N \
Lo g
,.,D
e -
N
\
_/ s
N =i
O
I Y
Y
Y A s
\
b .
/.. 1/
z .
\
N ~
\ \
N ow ~
\ “
b
S
N
\ \
\
/ Ry
LY I#
L. \

eaere

s

)\
A -T_.

Old Caller,

_———Tl e
alere frerszal

Crass Section on line E. F. datwm Darkawe Creek.

et e Fems M - B

R T Yy i 2 - A

Obd tecreieel.

Seotiorn orn line C. D.

Photolifh by (e XY 000 Enge? & 1Af Col6218 Park Place

NEW JERSEY GEOLOGICAL SURVEY




HISTORIC GEOLOGY. 333

of a narrow strip of ore and afold along it lengthwise. Before proceeding
further with this subject it isimportant to state that in addition to the fold-
ing there has been a change in the level of these axes of folding. Their
northeast ends have been depressed and their soutliwest ends clevated.
This Las already been referred to on pages 55-6, where figures are given for
its illustration. This inclination of the axes towards the northeast is a neces-
sary accompaniment of the folding of strata. The cause which rendered
the folding of the earth’s surface necessary iv one direction and go dimin-
ished its circumference would render a like diminution of circwinference
necessary in the direction at right angles. And this would be aceomplished
by breaking up the surface by fracture across the folds and then depressing
the like borders at all these fractures and of course clevating the other
borders, and giving to the rocks their pitch. This would give an appear-
ance like that represented in Figs. 10 and 11. Taking this statement also
into consideration,we may return to the description of the maps and figures
which illustrate this peculiar structure. The map of the Hurd Mine show
this folding, as already exhibited in Fig. 13.  The portion on the right or
southeast side is complete, a head or cap-rock or covering coming in over it
just where it is exposed at the end: on the contrary the left or northwest
portion comes to the rock surface, and had no eap-rock covering it for a
congiderable distance to the northeast when the mine was first opened. The
cap-rock of the southeast side pitehes toward the northeast 20° the same as
the bottom-rock, or lower edge of the fold. Some of the workings in this
mine are very old and no aceount can be obtained of the condition of things
when the upper portions of ore were mined. The very excellent drawings
of the mines prepared by the Glendon Iron Company make a record of the
work for future reference, and as the mine extends the views here presented
will find more perfect illnstration. It will be noticed that the cross-section
of the northeast mine shows a fold similar to that at the southwest, though
it is not a continuation of the same, but points considerably higher. The
ore is of the same quality, and it is now an interesting question to know
whether there is a great fault across the mine and an upheaval by which
the northeast part lias been elevated above that at the southwest. There
are no works connceting the two beneath the surface. Some remarkable
slickensides are to be seen in the rocks here, and in the ore in the mine,
there are some surfaces of several feet in area which are as black as jet, and
polished like marble’; these would seem to indicate some disturbance in '
the position of the rocks.

The map of the zine mines at Stirling Hill shows the same peculiarity of
structure and folding with the further advantage of having the two sides of
the bed of ore quite unlike each other, one being largely made up of red
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oxide of zinc all on its hanging wall, while the northwest vein has it all on
the foot-wall, just as it should be for a synclinal fold through the length of
the bed. The connections of the two veins is plainly seen at the southwest
end in the Noble nline, which extends across from one to the other. The
folding here has fractured the rocks and ore so much that surface-water and
air has acted upon and entirely changed the oxide and anhydrous silicate of
zine, dissolving them out, and depositing in their place the common hy-
drous silicate of zinc. The presence of the franklinite, however, cnables
us to trace the vein across with certainty. The pitch here is steep, being
65° from the horizontal. The northwest branch is considerably shorter
upon the surface than the southeastern one, showing that the synelinal axis
was not in the middle of the original belt of ore, but towards its northwest
border.

The Mine ITill zinc mine also is in a synclinal fold, with its axis inclin-
ing downwards, toward the northeast, just as in the other cases. The axis
in this however is near the southeast horder of the original belt, the outerop
of the ore, the southeast branch being only two hundred or three hundred
feet, while that on- the northwest is nearly a mile. The remarkable strue-
ture of the Durham iron mine in Pennsylvania is so well developed that it
has been thought best to insert it here, confirming as it does the law of
structure which scems to have governed in bringing our beds of iron and
zine ores to their present positions. No anticlinals
have been found in any of the mines. The nearest
approach to itis in some of the pinches in the mines,
where, in addition to an extreme narrowing of the
vein, the thin part has been thrown so much to one
side, and curved upwards go as to present something
like a small anticlinal, and might in some very
limited observation be mistaken for one. The cut,
Fig. 85, shows some such in the Dickinson mine on
Schooley’s Mountain. These curious and interest-
ing phenomena of the mines are worthy of more
attention than they have received, and if a careful
record could have been kept of the developments
made in mining up to this time, they would have
done much to supply a correct theory of mining.

If the theory is admitted that Azoic rocks arc
of sedimentary origin, and since changed by heat or
other agencies into crystalline or metamorphie rocks,
it becomes an interesting question as to where the
material came from of which they were made.

Fra. 85.

ferecoar Cross  Section
Farn gon-ore beg
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Where was the sea and where the dry land when the material for these
rocks was washed from the land and deposited in the water !

The white or crystalline limestone is mostly along the northwest border
of this formation; and as such deposits only form in the clear water and
away from the mitddy deposits, it is a fair inference that they were farthest
away from the lahd, that the hills of those days were to the southeast of
the present Azdic rocks, and that their wear furnished the material for
them. The location and enormous thickness of the Green-Pond Mountain
rocks, compared fvith the sandstone a little further west, would also indicate
that the high ground was southeast of the present mountains. The little
patches too of Mbgnesian limestone, Fossiliferous limestone, Hudson River
slate, Oneida conglomerate, Medina sandstone, Helderberg limestone, Oris-
kany sandstone, bnd Cauda-galli grit, which are found along the Green-
Pond Mountain tange, and quite to the east of one or two belts of the
present Azoic rodks, point to the same conclusion, that the dry land was
farther southeast than where these rocks were formed.

ParLzozore Foratation.—The amount of material which has been trans-
ported from one place to another, and worn off from hills and deposited in
valleys, is so great that the mind can hardly gragp it. That strata » hun-
dred miles long, and ten to fifty miles wide, and perhaps 2,000 or 3,000 feet
thick, should have all been formed by the wearing away of older and dis-
tant rocks, isa statement hard to realize. Take, for example, the Kittatinny
Mountain, which extends from near Rondout, in Ulster County, New York,
across the northwest part of New Jersey, and nearly the whole of Penn-
sylvania, terminating in Franklin County on the border of Maryland. Its
whole length is two Lhundred and forty miles. Tt is rather narrow, averaging
only from onc to two miles wide, and the coarse quartzose conglomerate
of which it is composed is about a thousand feet thick. In the bottom layers

of this rock fragments of feldspar can be detected among the guartzose
pebbles,  which

Fre. S6. show its origin to

Drife Structure, Onerde Coeglomerate:. be from gneissic
i rock. In exam-

ining the stratifi-
cationof this rock
it was found to be
largely composed
of layers having
a kind of drift
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material of the npper layers much like that in the lower, only finer
The cut on page 335, Fig. 86, shows this structure plainly, and it may
readily be imagined that after the lower layers of this reck were originally
deposited, the southeastern edges were elevated, and then worn off again.
and the worn material was deposited farther to the northwest, extending
the breadth and increasing the thickness of the rock formation without
increasing the quantity of material at alll; the same material, which at
one time constituted the southeastern part of the bed, being worn oft and
washed over towards the northwest to be deposited upon and te increase the
-thickness of the layer there. The pebbles in {the whole formation are of
the same kind, but they are smaller and smaller as we go from the lower to
the higher beds in it, showing that the last have been subjected to more
wear than the first. The material from which this rock was formed can-
not be ascertained with accuracy. It is mostly quartz; some small per-
centage of rock containing feldspar is intermixed with the ¢uartz, and
giving an indication that the original rock was granite or gneiss.

Triassio Foruarron.—There are many curious and interesting questions
connected with the Triassic Formation which are yet awaiting answers
from the geologists. IMow was it formed? It is not in o synclinal fold
for all the rock dips northwesterly, except a narrow fringe on the extreme
northwest border, which is usually a mass of fractured and disturbed
rock and stands almost vertical. Was it deposited in horizontal layers
at first? IMave these sinee been clevated to their present angle of dip?
If go, then the formation must be at least twenty-seven thousand feet
thick, for it is thirty miles wide and has an average dip of 10°. The
formation has evidently been accumulated from high ground southeast
of the, present area. There is a continuous body of gneiss reck along
the east and southeast border of this formation, from Peekskill on the
Hudson to New York City; a fragment of it is seen at Jersey -City,
another at the Quarantine on Staten Island, and then after a break of
forty miles, which however is filled with disintegrated gneiss, the same
rock reappears at Trenton, and from there on across Pennsylvania, Del-
aware and Maryland, it forms the southeast limit of this red sandstone.
The lower beds of the Triassic, too, as seen all along the riverside under the
Palisades, and also lying on the gneiss at Trenton, are entirely made up of
fragments of gneiss rock—quartz grains, decayed feldspar and a little mica;
the fragments not much worn, and the color not materially changed from
the original gneiss, a little yellow or buff-colored, but certainly nothing of
the deeper red which it asswnes in some of the higher layers. These lower
beds of the series are certainly derived from the worn material of the Azoic

. *
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rocks on the southeast, and the elevated ground being on that side it is
reasonable to assume that the higher and more remote beds were formed
from the material drawn from the same source, but made finer by its longer
and greater wear.

Did these four long and concentric ridges of trap, viz.: the Bergen and
Rocky Hill, and the First, Second and Third mountains all break through
the sandstone at once and after it was depaosited, or did their flnid substance
rise one after the other in suceession, and while the sandstone was in process
of deposition? The outer ridge which is nearest the hase of the series, is
by far the most crystalline in structure, and its upper surface is the hardest
and most worn, leading to the inference that it is the oldest and has been
crystallized more slowly and further from the snrface of cooling. Pebbles
of trap rock too are found in the sandstone underneath the First Mountain,
showing that there was trap then in existence to contribute of its own sub-
Btance to build up the layers of sandstone. The appearances are very
much as if, in the wearing down of the Azoic rocks and the deposition of
the heavy mass of material upon & new surface, the latter had fyiclded and
sunk down, just as the thin ice sinks under the weight of the advancing
skater ; so giving to the layers which were at first horizontal their dip, and
at intervals forming long cracks in the eartl’s crust, through which the
fluid trap was pressed out and found its way between the layers of sand-
stone to the surface. Like the skater, too, the weight of the advancing
deposit of detritus from the wasting rocks on the southeast, was continually
carrying the depression of the crust forward with its own advance, chang-
ing the horizontal strata to inclined ones, and causing new fractures of the
crust and outbursts of trap; but unlike the advancing skater, the weight
once put upon the yielding crust was not removed, and the inclined rocks
never returned to their original level position. The subsidence of the
yielding crust must have been slow—wonderfully so as we count time ; but
still it was in progress, and continued on after the deposition of new mate-
rial had ceased; its movement being greatest just where the Triassic met
the present Azoic mountains of the Highland Range. These, not partici-
pating in the depression, a fracture would necessarily occur in the Triassic
near its northwest edge, and its overlapping layers on the Azoic would be
dragged downwards along the Azoic slope and take the irregular and
reverse dip they now have,

If the area now oceupied by the red sandstone was a sea of water or a
great bay, separated from the main ocean by a ridge of gneiss rock, it may
be that the mass of material which gradually filled it came from the south-

ast, yet the older rocks on the northwest would necessarily furnish some
f the material for the new formation near them. And such materials are
43
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found ; conglomerates of gneissic pebbles and sand constitute the upper
layers in some places, and in others the conglomerate is calcarcous, the
pebbles being of magnesian limestone, reddish, blue, or drab-colored, just
like the solid rock of that age, which borders it at Peapack, Clinton, and
other places. The deposits of the Triassic Age must have been made in
shallow water, and before their depression, for while perfect fossils are rave
in them, there are yet a great many vegetable impressions to be found
which have the appearance of our common endogenous water-plants, and
thin seams of coal are found in some places which are certainly of vegeta-
ble origin. Tracks of birds or reptiles too have been seen in the rock in
several localities ; tracks which could only have been formed in soft earth or
mud, when it was above the surface of the water, and which lhave been
preserved by being quictly covered with a deposit of other soft mud, and
then gradually hardened into stone in the course of ages. The immense
numbers of fish, too, which were buried in the mud of this age at some
localitics, show that the water could not have been deep ab that time.

The deep red color of this formation shows its large percentage of oxide
of iron, which in some of the shales amounts to ten per cent., though it is
usually much smaller. It is in the form of oxide, and forms the paste or
cement of the mass. Where did this iron-ore come from? Very little is
found in the gneiss from which the sandstone has been formed, and there is
not much in the lower and light-colored beds of the sandstone. The trap
contains magnetic iron-ore in little particles; so much, that almost any
gpecimen of it powdered, will yicld some to the magnet, and the rock
itself is quite magnetic ; irregularly so, however, as it produces local attrac-
tion and disturbance of the surveyor’s compass. Did the iron come from
the same source which supplied the trap? It might have come thus,
and dissolved in water it could have made the coloring material and fur-
nished the precipitated oxide of iron. It is very evident that the high-
colored sands in the Cretaceous and Tertiary formations were white when
deposited and have been dissolved by water containing oxide of iron, for
we often find little nests of perfectly white sand eurrounded on all sides
by red sand full of oxide of iron; andin some cases a perfect shell of “sand
cemented by oxide of iron into stone, is filled with a mass of loose sand.
The same kind of agency has, undoubtedly, supplied the coloring subatance
to the Triassic rocks, though it appears to have been done at the time of
its depositon. .

The thought will oceur, too, in regard to our Azoic ores: If there was ¢
gource of supply for iron in the region now occupied by the Triassic, may
it not have been in active operation during the Azoic period? This is only
o suggestion, and too far off’ to have more than a plausible presentation
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but when it is noticed that our great deposits of magnetite in New York,
New Jersey, and Pennsylvania are all behind, or as it were, under the lee
of these long lines of Trinssic trap, the inquiry will come, whether there
is any connection between them, or anything under the trap which could
liave been in action and influencing the deposits of the Azoic Age.

OreTaceous Fomamatiox.—The Cretaceous Formation is divided into
two parts which are very distinct in their history : the plastic clay beds
which are of fresh-water origin and the greensand which has all been
deposited in salt water, The clays Lave evidently been formed from the
gneiss rock which has already been described as lying at the southeast
of the Triassic Formation. The decay of the feldspar in the rock has
left the mass in a soft state, and in some localitics at Trenton and at
Woodbridge it is still found in its original condition. At other places
the decayed rock has been subjected to the sorting influence of wuter,.
which has earried the ¢lay away to be deposited in one place, and has
left the guartz grains in the form of sand in another, and the fine mica in
still another place. This sorting action of the water appears to have
carried the materials toward the southeast and deposited them in beds with
some degree of regularity.

But the occurrence of land plants and fresh-water shells in the beds of
clay, suggests at once the inquiry whether this whole southeasterly slope
from the azoic rocks was shut in {rom the ocean beyond and was a fresh-
water lake, or whether it was simply a flat country open towards the sea and
clevated just eyough above it to be o ground for swamps, ponds, and fresh-
water vegetation. Professor Cope has suggested that there is an axis to the
southeast of the one between the Triassic and Cretaceous Formations, which
separated the scries ot - fresh-water beds from the main ocean, leaving the
clay much like the English Wealden.  No stratigraphical evidence has been
found to indicate the existence of this axis at the present time.

During the present year, 1868, Professor Cope, of Haddonfield has found
several species of the common fresh-water mussel in the clay-banks at the
fish-house brick-yards, on the bank of the Delaware three or four miles above
Camden. Mr. Lea described, in the proceedings of the Academy of Natural
Sciences, cight species of Unio from this locality, and two species of Ana-
donta. The specimens ave mostly in the form of casts, scarcely any of the
shell being left. Mr. Conrad has also found a few small ghells in the clay at
Giriggs’ brick-yard on the right bauk of the Raritan, three miles below New
Brunswick. One he has figured and named.

In the report of 1855 it was mentioned that Mr. Clark, of South Amboy,
had found in one part of his clay-bank a considerable number of small shells.
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Being under thirty or forty feet of carth I was never able to secure any
specimens, though all the workmen said they had seen them, and that they
resembled the common mussel.  The locality was on the bay-shore about a
mile southeast of South Amboy, in the pits dug for potters’ clay.

Greeexsanp.—The marine origin of the greensand seems to be a neces-
sary inference from the occurrence of so many sea-shells and animals in the
deposit. There cannot be a doubt upon this point, it would seem. The
number of these shells even of single kinds is almost incalculable. Take,
for example, the bed of Terebatula Iarlani, which is ninety miles long,
and has been proved to be at least a mile wide, and is probably much
wider, and is from two to three feet thick. This whole bed is entirely made
up of this epecies, and they packed together just as close as they can lie,

. The bed Pycnodonta convexa which lies immediately under the other, is

equally large ;—and the fossil reptiles are equally convincing as to their
origin.

The greensand, which has been said to receive its form from filling the
cavities of very sinall shells, is undoubtedly a chemical deposit. The potash,
magnesia, alumina, and oxide of iron, may all have been found in the water,
and the decomposing feldspar. The circumstances under which it would
accumulate in small grains it is hard to understand. It is not uncommon for
sedimentsin warm water to collect in little pellets or graing, but the abun-
dance of animal life in the water at that time proves that it was not exces-
sively warm.

Dexvpatioy axp Drirr.—The phenomena connected with the formation
and movement of the gravel and boulders are too varied and wide-spread
to have been fully comprehended and arranged in the time devoted to the
survey. Many facts on the distribution of the drift have been prezented in
the chapters on the Geology of the Surface.

The material of the drift has, undoubtedly, been taken from the regular
formations, being torn off by the moving force of ice or water, or possibly
of the two combined. The amount of the material which has been worn
away to form the drift is very large. The ontire area of the red sandstone
of the Triassic period was once as high as the highest outerops of the rocks,
and probably as high as the tops of the trap-ridges. It is five hundred and
thirty feet above tide in the face of the First Mountain, and four hundred
and eighty feet in that of the Second Mountain, and in the upper part of
ITunterdon County it is more than seven hundred feet high. The surface
of the red sandstone over much of its northeastern part is now only from
tide-level up to one hundred or two hundred feet high, and the same is true
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of most of it on the southeast border all the way across the state. This
would indicate a wear of from three hundred to five hundred feet in depth
all over the formation.

The amount of wear upon the Cretaceous Formation is nearly as great as
in the Triassie. The tops of the Navesink Highlands, and of the Mount
Pleasant Hills in Monmouth County, have on them as clean and perfect
quartz pebbles as those which are now seattered along the sea-side ; and, in
fact, it would puzzle one to distinguish between them. These pebbles that
are now on the tops of the hills must have once been on the shore of an
ocean. The hills are between three hundred and four hundred feet high,
and some of the valleys between them are cut down within-one hundred
fect of the sea-level. The strata of marl, sand, etc., can be plainly dis-
cerned in the sides of these hills, and those in one correspond exactly to
those in the other, as if the layer of which they form a part had formerly
extended entirely across from one to the other, and had since been cut
away by water; and thercis every evidence that this is the case. The
amount of the wear about the hills at Red Bank is from one hundred to
two hundred feet. Mount Holly, which is a hill of denudation, is one
hundred and eighty feet above tide, and the surrounding country, which
has all been worn away by denudation, is only from twenty to fifty feet
above that lovel. There has been a wear of more than one hundred feet in
that vicinity ; and between Mount Holly and the hills at Red Bank in
Monmouth County there is a series of isolated hills in the plain country
which are all hills of denudation, and are plain marks of the wearing
away of the surface which has taken place.

In the Azoic and Paleozoic regions of the state the denudation has also
heen very extensive, but it is not so easy to measure its amount, as it is not
at all probable that the surface was smooth when the denudation, whose
marks we now see, was in progress. That it must have been very great we
may safely infer from the immense quantity of material which we can
identify from the gneiss, the Potsdam sandstone, the Magnesian and Fos-
siliferous limestones, the Oncida conglomerate, and the whole series of
Upper Silurian rocks, which are now scattered all over the state quite to
Cape May. No better prictice could be found for a young geologist than
to make a eollection of the variety of rock and fossil specimens to be found
in a gravel bank. Tt might inelude specimens from all the larger forma-
tions in the state.

It would lead too far into speeulation, and with too little store of facts
to sustain it, to go into a discussion of the causes of this wear and move-
ment of carth, gravel and boulders, which has so obviously taken place.
In some localities, as along the Highlands from Boonton to Pompton, every
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notch in.the mountain has a hill of drift opposite to it, on the open plain
to the southeast, as if a current of water had issued there bringing out
with it and depositing this mass of fragments of rock, pebbles, and carth.
Something similar to this can also be seen in the long line of Short Hills
of gravel and carth in Middlesex County, which stand between the two
mountain gaps back of Plainfield and Seotch Plains. In the wider gap in
the First Mountain at Millburn, the drift is deposited in the space between
the hills, making a great number of short rounded hillocks of sand and
gravel. In some places banks of gravel or sand will he found deposited
behind some protecting ridge of rock, just as would happen in a stream
now. At Sand Hills southwest of New Brunswick, at Jersey City, and
other places, similar deposits of sand bohind rocks are to be seen.

In some localities, as at the Long Meadow in Warren County, Succa-
sunny Plains in Morris County, and portions of the Passaic Valley, the
fine, loamy soil, perfect freedom from boulders and coarse gravel, indicate
that the soil has been deposited in the still waters of a lake or pond; and
along the Delaware above the Water-Gap, and in the Ramapo Valley ;
also in many other localitics of more limited extent, the large and level-
topped sand and gravel hills lead to the inference that these valleys were
once filled with still water, and the streams which ran into them have de-
posited their deltas of sand in these banks which are now the smooth ter-
races of the valleys. These terraces Lave already been referred to in the
Geology of the Surface.

The rounded surface of the rocks, in the Highland, the Paleozoic and the
Trap ridges, the regular and parallel scratches upon these surfaces, and the
deep furrows worn in the softer rocks, all prove that some more rigid foree
than that of water has been in operation all over the country. References
and particulars in relation to these have already been given, and it is only
necessary to say that these effects, as well as the earrying of boulders, point
to ice as the effective agent in producing them. Two skulls of the walrus,
an animal living only in polar seas, has been found in the gravel near Long
Branch. They indicate a period of cold more severe than any that now
prevails.

Pear axp Speri-ararL.—The accumulations of peat and muck, which
arc 50 abundant in many parts of the state, have all formed in very recent
times ; in fact they are growing now. “The production of peat from
fallen and decaying plants, depends upon the presence of so much water
as to cover or saturate the vegetable matters, and thereby hinder the full
aceess of air.  Saturation with water also has the effect to maintain the
decaying matters at ‘a low temperature, and by these two causes in com-
bination, the proecss of decay is made to proceed with great slowness, and
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the final products of such slow decay are compounds that resist decay, and
hence they accumulate.

« Tn this country it is only in low places where streams become obstructed
and form swamps, or in bays and inlets on salt water where the ebb and
flow of the tide keeps the soil constantly wet, that our peat beds oceur.
.. . The warmth of our summers and the dryness of our atmosphere, prevent
the accumulation of peat above the highest level of the standing-water of
our marghes, and so soon as the marshes are well drained the peat ceases
to form, and in most cases the swamp may be easily converted into good
meadow-land.” ‘

The above, from Johngon’s Essay on Manures, exactly describes the for-
mation of our peats, and is applicable to those which have formed in wet
meadows, in swamps, or in the salt-marshes. -

The shell-marl which has accumulated in some of our fresh-water ponds,
has probably accumulated under peat, and is now exposed by the decay of
that substance. For particulars in regard to this, see page 170.

Erevarioxy axp Sussmexce.—The geological changes which have gone
on in comparatively recent times, or which are now taking place, are of
much interest. There is abundance of evidence to. show that a slow subsi-
dence of all the land along the tide-waters not only of New Jersey, but of
the whole eastern coast of the United States, Las been going on for sev-
eral hundred years past, and there is evidence that it 1s still in progress.
This movement is one of a series which has occurred on our coast, by which
the line of water-level has been alternately elevated and depressed. The
extent of the movements is quite limited, the whole range being comprised
within twenty feet. )

The proof of this fact is important, on account of the effects produced by
even a slight change of the relative level of laid and water, and it is inter-
esting for the illustration it furnishes of the cxtent and time occupied in
geological changes.

The facts connected with the present change will be presented fivst, and

"the others later. The evidence for these changes is drawn from the wear
of shores, the rise of tide-water on the upland without wear, the occurrence
of dead trees and stumps in their places of growth and altogether below
the present tide-level, and from finding works of the early settlers in loca-
tions where they are now quite out of place on account of the water.

Through the favor of J. E. Hilgard, Esq, Assidtant in charge of the
United States Coast Survey Office in ‘Washington, the Geological Survey
has been furnished with a map of the ©Shoreline Coast of New Jersey,
south of the Highlands of Navesink ; from surveys-made in 1833 and 1866,”
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in which the wear of the shore is drawn out. The survey extends from Deal
to the Ocean Iouse opposite the mouth of Shrewshury River, or from lati-
tude 40° 15’ to latitude 40° 23'; being about eight miles. The wear is
quite uniform for the whole distance. The amount at each quarter of a
minute which is equivalent to a quarter of a mile, is given in the tabular state-
ment, in feet, as measured between the line of 1839 and that of 1866.

Feet. Feet.
40° 15........ - 17 40° 1925, .. oe e 360
b 348 1080, . e, 400
155 e eeeeeeeeaa. v o450 10075....... et raaaaa 482
95, . 480 a0, . 380
16, e, 375 20025....... e e, 336
16.25.... ... e e aasaae. v 376 2008 e 210
185 i 348 0 TG e e 824
16.%5,..... hh meraeaneeanas 318 217, b e e rae e n e 222
i .. Fabsr et rasens 306 AR5 e e 186
1725 ... ... re eeann 264 h2) G s R Creraaeena, 144
175 e Creaae.. ..839 P3 A £+ S 105
) S £ T cee.-827 e ...108
18, ..., Ceaaaiaeaaa, .345 b3 el 90
18.25......... [ ... 890 WH . ey 210
85 ..., eaeeeian vee.. 408 b | Vet iae erennas 225
1875........ PN PP §. 111 23, i ee e, 3950
19 ..., eereaas [ 345

At the mouth of Dennis Creek, in Cape May County, and for several
miles along the bay-shorc, on each side of it, according to the local survey-
ors, the marsh wears away, on an average, about one rod in two years; and,
from the early maps, it would appear to have been going on at that rate ever
since the first settlement of the country. A map of Cape May, in the pos-
session of Dr. Maurice Beesley, of Dennisville, and bearing the date of 1694,
lays down Egg Island, the western point of Maurice River Cove as contain-
ing three hundred acres; at low water it now contains a half or three-
fourths of an acre and at high-water it is entirely covered. All along the Dela-
ware Bay and river where the marshes are banked in to keep off the tide,
the dikes are placed several rods from the water’s edge, to allow for the
wearing away of the marsh.

The following interesting map and resurvey has been generously prepared
by Dr. Maurice Beesley, of Dennisville, Cape May County, for the survey. It
shows the wear upon the bay-shore in that vicinity for one hundred years
past. Dennis Creek has lost one hundred and forty rods at its mouth ; East
Creek, one hundred and fourteen rods; Goshen Creek, fifteen rods ; and six
hundred and eighty-one acres of land between the mouths of Goshen and
West creeks have been washed away.
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From the Cedar Hummocks to West Creek there are no sand beaches,
and the salt-marsh is exposed to the direct action of the waves. Several
rods in width of the marsh are sometimes worn away during a single storm.
Some years since, 2 human body, in an advanced stage of decomposition,
was washed up on the shore near the mouth of Dennis Creek. It was car-
ried in forty rods from the shore, and buried in the marsh. Three years
after it was found the shore was worn away quite up to the grave, and the
cofin was washed out.

Mr. James L. Smith, of Stipson’s Island, who has surveyed much of the
tand about Dennisville, says there was always a large allowance made by the
old surveyors in running out the marshes so that it is difficult to trace their
lines with aceuracy; but that, to the best of his judgment, a strip fully
three-quarters of a mile wide has been worn from the marsh, the whole dis-
tance from West Creek to Dennis, since the first surveys were made.

There is a common opinion among the watermen along the Bay-shore,
that the mouth of Maurice River was formerly down near Fishing Creek,
East, West, Dennis, and Goshen creeks being its branches. Their reason
for this opinion, in addition to that derived from the present rapid wear of
the shore, is, that a line of oyster-beds is found out in the Bay, at ditferent
points, between the present mouth of Maurice River and Fishing Creek ;
and similar beds extend out from the mouths of the other ereeks for some
distance into the Bay. New beds do not form in the Bay now. These
beds, near the mouths of the erecks, are almost bare at low-water ; that op-
posite Fishing Creek is in twelve feet of water. There is also a tradition,
derived from the Indians, that trees formerly grew on the bank which is
now Fishing Creeck Sheal.

At Town Bank, on the Bay-shore, where the first settlement in the coun-
try was made in 1691, therc has been a rapid wear of the shore. In a note
made by Aaron Leaming, in relation to the grave of his grandfather,
who was Duried in 1694, he says: “In 1734 I saw the graves; they were
then fifty rods from the bay, and the sand was blown up to them. The
town was formerly between them and the water. There were still some
signs of the ruin of houses.” The grave-yard is now all washed away. Afew
years since 2 skull was picked up on the strand which had the appearance
of one long buried, and which had probably fallen from the bank. At dead
low water, the marks of three wells can just be distinguished at the same
place. Nathan €. Price, suveyor at Town Bank, says his lines, which
run to the shore, are shorter by forty or fifty rods than they were in 1776.
The Cedar IHTummocks at Goshen are also wearing away.

David Petit, of Salem, with characteristic love of investigation, has
traced out for the survey some old lines running to the Delaware at Elsin-
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boro Point, just below the mouth of Salem Creek. One, which was
described in a deed to Andrew Thompson in 1675, has lost just twenty rods
by the wear of the shore sinee that time. The light-house at Cape May
has been moved inland considerably, on account of the wearing away of
the shore. Mr. Izekiel Stevens says that, from the accounts given him by
his father, the shore in front of the hoarding-houses at Cape Island must
have worn away nearly a mile since the Revolution, During the war of
that period a militia artillery company had its practicing ground here.
Their gun was placed near a house which stood just outside the present
shoreline, and their target was set up at the outer side of a corn-field,
three-quarters of a mile east. Beyond this there were sand-beaches for
nearly or quite a quarter of a mile, and then the sea-shore. The whole of
this ground is now gone, and one of the boarding-houses has been moved
back twice. The wear has not been as perceptible for a few years past, the
bank having been protected by a covering of cedar brush. Poverty Beach,
now a short sand-bank, was then, according to an old map, Four-mile
Beach, and extended from Cold Spring Inlet to the point of Cape May.*

On the side towards the Atlantic, the upland is protected by the salt-
marsh and the beaches; but the beaches themselves are rapidly wearing.
Hundreds of acres of flat or sloping sands are now to be scen where a few
years since sand-banks from fifteen to thirty feet high were standing, and
covered with living trees. The rapidity with which these wear away is
different in different years. Dr. Jonathan Leaming, of Cape May Court-
house, thinks that the beach, opposite Seaville, has worn away a hundred
yards within the last twenty years. Other residents of the vicinity, who
are familiar with the beaches, think this cstimate not a large one.

_The beaches farther up the shore, which are exposed io the direct action
of the sea, wear away rapidly ; and where they are narrow and not covered
with timber, they drift in towards the land. In some cases they have
moved in their entirc breadth, and now rest on the salt-marsh, which
formerly was behind or to the west of them. This wear is common along

#The title of the map is, “ The Province of New Jersey, divided into East and West, commonly
ealled the Jerscys.”

“ Engraved and Published by Wm. Faden, Charing Cross, December 1st, 1777.7

 This Map has been drawn from the Survey made in 1769 by ovder of the Commissioners nppoint-
cd 1o settle the partitlon Line between the Provinees of New York and New Jeracy, by Bernoard
Ratzer, Licot. in the 60th Reg., and from another large Survey of the Northern Parts in the pos-
aegsion of the Earl of Dunmore by Gerard Banker. The wheole rogulated and ascertalned by Astro-
nomical observations.” '

“N, B,—At Euston the River Delaware is wide 7 chains, 40 Hoks. The River Licha [Lehigh] ia
wide at its Month 4 Chalns, 16 Links. The Musconetzung River is wide at its Mouth 1 Chain 12
Links.”

The Seale of the Map is six and two-thirds miles to an inch.
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the whole of the Jersey shore. Capt. J. W. Herbert, o very intelligent
wreek-master at Keyport, has a number of marks on the beaches set to de-
termine the location of sunken vessels, and from these he is able to measnre
the wear from year to year, and the average which he deduces from them
is not less than twelve feet a year along the whole coast. He verifies these
measurements farther Ly the positions of the vessels themselves; some of
them were buried in sand in the bar which is outside of the shore and
parallel with it, and others were inside of this. After a few years these
latter-mentioned vessels are found outside of the bar in deep water and
clear of sand; the shore has worn away and the bar has followed it in.

The wear of the beaches is attended with some singular movements of
the sand, which is worn off. The Cape May beaches are all the largest and
highest towards their northeast ends, and these also are covered with the
heaviest timber.  As the outer borders of these beaclies wear off, there are
low sand-banks formed, as extensions of the beaches at their southwest
extremities. These baunks extend and crowd the inlets towards the beaches
next southwest until they are almost closed. With the force of some
violent storm, a new inlet breaks through the sand-bank some distance to
the northeast of the old one, which may, perhaps, close up at the same
time. The new inlet then begins again to cut away the sand on its south-
west side, and a new deposit is formed on its -northeast side, so that the
whole inlet shifts its place gradually towards the southwest. This move-
ment goes on till the inlet has reached its original position, and then closes
again when a new onc breaks throngh farther to the northeast. Northeast
of Barnegat the inlets have traveled in the opposite dircction. The Old
Cranberry Inlet moved nearly a mile towards the north before it finally
closed. The Shrewsbury Inlet also had moved from opposite Shrewsbury
River, a full mile towards the northeast before it closed up; and it had
done this twice. Sandy Mook has extended out towards the northeast a
mile since the Revolution.

In all thesc cases there has been a considerable wear on the outer border
of the heaches, and they have been much narrowed.

At Long Branch, which is hard upland, the wear is very serions. The
spot where the first boarding-house was located, thirty years since, together
with the road which ran behind it, is now all worn away, and the shore-
line is to the west of it. The wear is irregular; last year it was from
twelve to twenty feet. Along the shores of Sandy Hook and Raritan Bay
the wear is cqually rapid. At the Highlands enormous slides have been
tlie result of this wear. At Uunion the washing away has averaged three
or four feet a year for three years past, and Rev. Samuel Lockwood 58S,
that west of the dock a seven acre lot, laid out in 1850, measured three and
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eighteen one-hundredths acres ; and an adjoining plot of ten acres, present-
ing o smaller frontage on the water, lost a proportionate amount. At the
mouth of Cheesequakes the channel is now where there were cultivated
fields sixty or seventy years ago.

There has been a considerable loss of meadow and low upland along the
shore between Jersey City and Constables Point since the first settlement
of the country. The rapid change in population and frequent transfer of
ownership of the land, hinders the collection of facts, but a few have been
obtained. Mr. John Van Buskirk, on Constables Point, is seventy-five
years old and has always lived there, as did also his father and grandfather.
There is sedge and salt-meadow now growing on the sandy strand near his
house which has begun to form within the last twelve years. He has seen
the roots of trees in the hard ground of Oyster Island; and others who,
like him, have always been familiar with the bay, tell him that they have
seen similar roots in Robins Reef. Richard Cadmus, an old resident and
land-owner on the shore a mile or more north of the Point, has quite a reef
of loose houlders from fifty to three hundred feet off the shore near his
house. Some sod is still adhering to these rocks, but there was a great deal
more formerly ; and where they now dig clams in the mud, the sod is still
found at a considerable depth below the present tide level.

At Caven’s and I'ish Points the upland has worn away very much. In
some investigations made in regard to land titles, cominissioners allowed
Mr. Stephen Vreeland for four acres of his ground which had been washed
away g0 as to be now covered by tide-water. Caven’s Point is now meadow,
but outside this there was formerly upland, and wheat was raised on it.
The water there is now three feet deep at ordinary low water, and the base
is covered with loose boulders. Mr. Vreeland says that at every point
where hard ground comes to the shore, there is for several hundred yards
out in the water a stony bottom ; that in front of his house, ont where the
stony bottom ends, the bottom drops off about two feet and the substance
changes to mud. There are a good many of these spots about in the bay,
and he has no doubt- that all the bay inside the line of Ellis’, Bedloes,
Oyster and Robins Reef Islands was onee like the present flats ; islands of
low npland with crecks and meadows between them.

There can be no doubt that Mr. Vreeland is correct in his theory as to
the former condition of what are now the Jersey flats in New York Bay.
The occurrence of loose rocks and boulders in spots and patehes is not
because they were originally distributed over the surface in such patches;
but it is probable the surface on which they were dropped when they were
carried from Bergen Hill was much more uneven than the present surface.
After their deposition the whole surface has been covered with fine alluvial
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earth ; and since that this alluvial earth has been washed off from the
higher banks and left the boulders bare. If the lower grounds were also
washed by currents and the loose earth carried away, boulders would be
left there.

For many years past it has been a subject of remark among the older
inhabitants, that the tides came up on the uplands higher than formerly
and that the salt grass was killing out the fresh grass, or the timber which
formerly grew on the borders of the upland. Judge Goffe, of Fast Creck,
gives it as his opinion that fifty acres, part heavy oak timber, and part
cultivated land, have thus been lost from Stipson’s Island within the fifty
years sinco he resided therecwith his father. His opinion is corroborated
by Mr. James L. Smith, who has resided on the island for the last thirty-
six years, and has lost many acres of good wheat land within that period.
Mr. Charles Ludlam, of South Dennisville, pointed out to me places now
covered with salt grass which were formerly upland and covered with trees ;
he also showed me an island in the marsh, west of the bridge, which he
thinks has lost two fect of its elevation above the marsh since his recollec-
tion,

An island in the meadow of Richard Leaming, between Dennisville and
Goshen, had living trees upon it seventy years ago. Mr. Albert Peterson
gounded the depth of the mud on it this summer, and found it to be four
and a half feet. The botiom of this may be muck, but it has a considerable
depth of marsh mud on top, and high tides run over 1t.

Mr. Stephen Hand, on the seaside ten miles from Cape Island, showed
me places in the borders of his salt-marsh where trees and bushes had
grown gince he owned the land.  Mr. Joshua Townsend, near Townsend’s
Inlet, on the seaside, knows, in his own vicinity, several spots shere white
oak trees grew since his recollection, which are now covered with marsh.
Mr. Nicholas Godfrey, two miles below Beesley’s Point, has imstances on
his own land where the timber has been killed out, and salt-marsh taken its
place since his recollection. Mr. John Stites, Sen., of Beesley’s Point, says
the advance of the marsh on the upland is unguestioned. Mr. Stephen
Young, at the Toll Bridge over Cedar Swamp Creek, “ knows the ealt
water comes higher on the upland than formerly, by the killing of timber
on the low borders of the upland.”

In most of the marsh near the upland, which is shallow, fallen timber is
found buried; and the stumps of trees are still standing with theirroots in
the solid ground where they grew. The timber found in this condition is of
oak, gum, magnolia, cedar, pine, and other species, such as are now the
natural growth of the country. Where they are of pine, cedar, or other
durable wood, their broken and weather-worn trunks are seen projecting
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above the margh which has overrun the place of their growth. On the land-
side of the beaches, along the seashore, large numbers of leafless and dead
red cedars wmay be seen standing in the marsh, the indestruetibility of the
wood' keeping the trees erect, althongh the marsh has in some instances
gathered around them to the depth of several feet. Instances of this sort
were seen on all the beaches; and they may also be seen on the low sandy
islands which stand in the marsh opposite each of the inlets. It was ob-
served very strikingly in the salt-holes on Nummy’s Island, which lies in
front of Hereford Inlet. Cedar stumps and roots were lying in many of
these holes, and the sandy bottom on which they grew was but little under
the marsh. Within the last fifty years the island is said to have had a con-
siderable growth of cedar on it; now there is but a single living tree left,
and there is every indication that the whole island will soon be covered by
the marsh.

The swamps of white cedar, adjoining the marshes, are continnally en-
croached upon hy the tide; the timber on the borders is gradually being
killed by the salt water; and hundreds of acres are to be seen about Den-
nisville all dotted over by cedar stumps, which are still standing where they
grew, though the salt grass has long since taken the place of the living tim-
ber. The soft and spongy nature of the cedar swamp-bottoms would lead
one to suppose that the mud, with the load upon upon it, was gradusally
going down, were it not for the fact that these bottoms are found far below
tide-level, and the muck of which they eonsist, extending down to the gravel.
The section on page 102, from examinations made in company with Dr. Mau-
rice Beesley, shows the extent, and some of the effects of this settling.

The timber and carth of the swamp, it will be seen, extend quite down to
the hard ground, which is eleven feet under the surface of the marsh. In
some trials which were made in the thoronghfare between Dennis and Go-
shen crecks, the cedar swamp earth was found at least seventeen feet below
the level of the marsh; and some cedar stumps of large size are known to
be in the bed of Dennis Creek, which are covered by seven feet of water at
low tide. The appearance of these last-mentioned, indicates that they are
in the spot where they grew.

Some years since, an outlet was needed from a number of tide-ponds near
East Creck, into Dennis Creek. For this purpose a ditch, ten feet wideand
three feet deep, was dug across the marsh from the pondsto the ereek.
Nothing but mud and grass-roots were met in digging the ditch. From the
gize of the ponds, a large quantity of water necessarily passed through the
ditch at every tide. The noise made by the violentrush of the water gave
the name of Roaring Ditch to the outlet; and the wear of the banks soon
changed it from its original narrow dimensions to a large channel, seventy
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or eighty feet wide, and from one to four feet deep at low water; and, what
is very remarkable, is, that the whole bottom of the passage is thickly set
with pine, cedar, and gum stumps. Some of these are laid bare at low
water, and others are covered with several feet of water. They stand up-
right, and there is every indication they are in the spot where they grew,

Judge Goffe relates that, in digging a ditch through one of the shallow
tide-ponds, under the mud were found magnolia and huckleberry roots ; then
four feet of mud beneath, in which were found large pine stumps ; and when
the ditch came to be worn or dug still lower, white cedar snags were found
four or five feet under those of pine. The cedar snags were standing, and
there were four or five feet of water on them at low tide,

In the marshes above Salem great numbers of the stumps and trunks of -
trees are met with in digging ditches at all depths quite down to the solid
ground. : :

It will be remembered in the frequent allusions made to the marsh, that
its surface is nearly on a level with high tide-mark, and, of course, that
whatever is buried in it is below that mark,

At Elsinboro Point, a little further down on the Delaware Bay-shore, the
cutting away of the marsh by the water has left great numbers of stumps
exposed, and they can be seen at every low tide, still firmly rooted in the
hard ground. A portion of what is now tide-meadow was a heavily tim-
bered maple swamp since the country was first settled, and after this had
died out and been replaced by marsh there still remained in the midst of it a
knoll or island, as it is locally termed, of hard ground covered with timber.
Now this timber too is all dead, and the island is lost in the marsh., The
inhabitants say the tides run higher on the upland than they formerly did.
It manifestly is not caused by any washing away of the soil.

On Alloway’s Creek there was a considerable island in the unbanked
marsh which was cultivated for corn, wheat, and other farm ecrops within
the present century ; but now it is overflowed by high tides, and is covered
by marsh, mud and grass. Mr. Belford M. Bonham, surveyor, of Shiloh,
Cumberland County, says that Cherry-tree Island, in a survey of the
country in 1739, was described and mapped as being five chaing wide and
eight chains long. It was in the marsh at Stow Creek. No timber is now
to be seen there, and the island is no longer upland. Its place is only ascer-
tained -by sounding the marsh, when it is recognized by the shallower
deposit of mud and roots on it. The salter line which was run to the river
shore in 1680 now lacks forty rods of that length.

Eagle Pond, which was descuibed as being eighteen chains long and nine
chains wide, has now so grown up with meadow-sod as to leave only a
thoroughfare.
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Mr. Bacon, of Bacon’s Neck, has seen an island in Mad-horse Creek, in
the marsh, covered with oak stumps, and these overgrown with salt grass.
The marsh is worn off for twenty rods at the mouth of Muddy Creck. At
Streteh’s Point the marsh has encroached on the upland to the amount of
three rods in breadth. )

The late Joshua Brick, of Port Elizabeth, estimated the amount of tim-
bered land between Maurice River and West Creek, in Cumberland County,
which has been killed within the last fifty years, at one thousand acres,

Within the memory of persons now living, along the shore of Island
Beach north of Barnegat Inlet and Long Beach south of it, the beach has
moved intand and lowered considerably. James Edwards, of Watertown,
says that forty years ago there was a red cedar swamp south of Barnegat
Inlet and on the west side of the beach, which was more than a guarter of
a mile long. It was known as the Great Swamp. It lLas long since dis-
appearced, and the stumps are now to be seen at low water on the outer bar
one hundred and fifty yards from the beach. He thinks the movement has
been two hundred yards in forty years. Captain Izaac S. Jennings, of
Manahawken, says the beaches opposite his residence were formerly covered
with heavy red cedar and oak trees, and there were very high hills of sand ;
now the trees are almost gone, and in heavy storms the sea runs across the
beach in a number of places.

At Barnegat Inlet a shifting towards the sonth is very noticeable. Six
acres of land on the south side of it, bought in 1834, had all disappeared
in 1859, Of ten acres sold to the United States Government ten years
ago, half has already been washed way. The Light-house, built in 1859, is
now only half its original distance from the Inlet. Captain John A.
Brown thinks the wear has been one-eighth of a mile in the last ten years.
The opposite side of the inlet is forming a low and extending sand-bank.

Absecon Inlet has moved south three hundred yards within the last forty
years, The site of the old salt-works, which was inside of the beach at
Absecon, is now occupied by the inlet.

In Forked River, below the village, logs and stumps are seen in the river
and adjacent marsh. They are cedar with a few pine. Between Barnegat
and Manahawken there is a large cedar swamp, from which Log and Crooked
creeks issue. These creeks are filled with stuinps and logs, some of them
very large.  On the east and southeast of the swamp the tide-meadow has
a great many stumps in it. It is said that the stumps are found all the
way across from this swamp to the beach. Near the swamp is a pond
half a mile in diameter, containing an abundance of oysters and other shell-
fish whicl is studded with these remains of fresh water and land vegetation.

Near Uedar Run, at the border of the meadow, there is an old corduroy
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road, which is so low that it can only he scen at extreme low water. This
of course wans made within two hundred years, and is a fair proof of subsi-
dence, for it seems hardly possible that it should have sunk so much in the
mud. There is a similar corduroy road in the marsh at Leeds Ioint.

There is plain evidence that the wooded upland extended out where the
salt meadow now is as lately as when the first land-titles were made out.
Captain Jennings, a surveyor of long practice, says that some of the lines
running to the shore have lost as much as six chains of their original length
on the upland, owing to the advance of the salt meadow.

M. B. Matthis, a surveyor at New Gretna, has observed the constant rise
of the marsh upon the upland, and from the amount of silting up on the
marsh, judges it to amount to from one-quarter to half an inch a year. In
the salt meadow along Mullicas River the remains of cedar and pine timber
are very abundant. In Log Bay along the north side of Hog Island, the
amount of cedar timber is o great as to compel the belief that it was once
the site of a cedar swamp. The timber is so thick as to seriously impede
navigation.

Hickory Island, south of Tuckerton, was formerly covered with a thick
growth of hard wood. It is now mostly dead, and high tides cover ncarly
the whole island., There are three islands in Tuckahoe River, formerly
covered with hardwood trees, which are now almost lost, the trees being
killed by the salt water and the tides comirng very nearly all over them.

I may remark that the remains of trees are not equally abundant in all
localitics, owing partly, perhaps, to differences of exposure, but more to
the difference in durability of the various species of wood. In many
places where oak, gum, and other deciduous trees were known to stand
formerly, there are no traces of them now ; they have entirely rotted away.
On the contrary, the pine and the red and white cedar are almost inde-
structible. I have seen pine stumps several feet under the marsh, where
they have been for an unknown period, which retain the characteristic
smell and appearance of the wood almost as perfectly as the fresh-cut spe-
cimens. At several places in southern New Jersey, an enormons amount
of white cedar timber is found buried in the salt marshes, sound and fit for
use, and a considerable bLusiness Is carried on in mining this timber and
splitting it into shingles for market. In some places it is found so near
the surface that fragments of the roots and branches are seen projecting
above the marsh, while in other cases the whole is covered with smooth
meadow-sods, and there iz no indication of what is heneath till it is sounded
by thrusting a rod down iuto the mnd.

The tree of which these swamps are composed, is the white cedar, the
Clupressus thuyoides of the botanists. It is an evergreen, which thrives
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best in wet ground, and in favorable situations forms dense swamps. It is
most commonly found on the head-waters of streams. West Creek, East
Creck, Dennis Creek, Great Cedar Swamp Creelk, and their small branches,
have cedar swamps through their whole lengths. There is no cedar on the
streams south of those mentioned, except in a few spots of limited extent,
whereit has been planted. The area of these swamps has not been esti-
mated, but there must be some thousands of acres. The largest is that
which lies in the valleys of Dennis and Great Cedar Swamp creeks, and is
continuous from the upper bridge on the former creck, to Dennisville on
the latter. The timber which originally covered these swamps has now all
been cut off, and there is no first growth to be found. Very few trees are
known which are more than one hundred $ears old, and most of the swamps
are now cut off when the timber is of about sixty years’ growth. Formerly,
trees of great age were found. Mr. Charles Ludlam counted seven hun-
dred rings of annual growth in a tree which was alive when cut down.
Dr. Beesley counted ten hundred and eighty in a stump; and Hon. J.
Diverty found one thousand in a log dug up out of the swamp earth. The
trees stand very thick upon the ground, and the first part of their growth
is very rapid, but as they get larger they are more crowded, and their tops
remain small. The annual growth is then very little; the, rings near the
heart of the tree are frequently an eighth of an inch thick, while in those
near the bark of a large trec they arc as thin as paper. The average size
of the old trees was from two to three feet in diameter ; those of four, five,
and six, and even seven feet, were found, but rarely.

The soil in which these trees grow is a black, peaty earth, which when dry,
will burn. It isof various depths. Several soundings in Cape May County
near the Burnt Causeway, showed a depth of from two to eight feet, which
was the decpest. Soundings in the Great Cedar Swamp near Long Bridge
showed the gravel bottom to be from six to eight feet below the surface.
Near Dennisville it has been found thirteen feet deep, with no mixtare of
mud or any foreign snbstance. It is very loose and porous, and always
full of water. The trees which grow on it have their roots ranning through
it in overy direction near the surface, but not penetrating to the solid
ground. Their evergreen leaves keep it continually shaded, and cool ; and
these conditions, with the constant presence of water, retard the decay of
the twigs and leaves which fall every year; and thus there is a continual
and rapid increase in the amount of this peaty soil, or muck. Mr. Charles
Ludlam told me, that he recently found a log in the swamps which, from
ita cut ends, he was satisfied had lain there cver since the timber was lagt
cut off, which was sixty years ago. It was about a foot in diameter, and
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the accumulation of matter on the surface since that time was enough to
entirely bury it. Timber which is buried in the swamp undergoes scarcely
any change; trees which are found several fect under the surface, and
which must have lain there for hundreds of years, arc as sound as ever they
were ; and it would seem as if most of the timber which had ever grown in
these swamps was still preserved in them. Trunks of trees are found
buried at all depths beneath the surface, quite down to the gravel; and so
thick, that in many places a number of trials will have to be made before a
sounding-rod can be thrust down without striking against them. Tree
after tree, from two hundred to one thousand years old, may be found lying
crossed one under the other in every imaginable direction. Some of them
are partly decayed, as if they Ithd died and remained standing for a long
time, and then been broken down. Others have been blown down, and
their upturned roots are still to be seecn. Some which have been blown
down, have continued to grow for a long time afterwards, as ig known by
the heart being very much above the centre, and by the wood on the
under side being hard and dozy. These trunks are found lying in every
direction, as if they had fallen at differcnt times, as trees wonld in a forest
now. The view of fallen timber, Fig. 87, whick is here presented, was
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sketched in the swamp of Mr. Henry Ludlam, near Dennisville. The
living timber was cut off fifty years ago, and the swamp-earth being ex-
posed to the sun and air, has decayed from around the timber which was
buried, and thus brought some of the uppermost sticks to view. It is not
known how many others there may be under these, as there is still six feet
of the swamp earth undecayed.

In this view, if we begin at the left hand, we notice the cut énd of a
small log, which lies across a second ; this second has its broken and
shivered end resting on a third and much larger log; and this third lies
directly across a fourth, which lies with its cnt end partly in the water.
By the side of this fourth log an old and decayed stump is shown, from

neath which a fifth log is seen projecting. The stump just mentioned
must have grown since the fifth log fell, and yet its roots appear to run
under the third log, as if it had grown before the falling of that; while
just to the left of this stump, and partly behind the third log, is a second
stump, the roots of which grow over the third log, thus showing that it has
grown entirely since that has been lying in its present position. Both
these stumps are those of trees from two hundred to fouwr hundred years
old ; and we know not how long since the last one died. By looking at
these permanent records of the age of the swamp, we soon come to reckon
the time of its accumulation by lundreds, or even thousands of years.
And yet this is only the last of a snecession of such changes which have
left their permanent marks upon this portion of the state ; and all of them
only carry us back through the last, and what has usually been considered
the most insignificant, of all the periods of geological time.

The cedar logs which are buried in the swamps are mined, or 1msed and
split into shingles ; and this singular branch of industry furnishes profita- -
ble cceupation to a considerable number of men.

In conducting this latter business, a great deal of skill and experience is
requisite. As many of the trees were partly decayed and worthless when
they fell, it becomes important to judge of the value of the timber before
much labor is wasted upon it. ‘With an iron rod the shingler sounds the
swamp until he finds what'he judges to be a good log; he tries its length
and size with this rod; with a sharp-cutting spade he digs through the
roots and down to it; he next manages to get a chip from it, by the smell
of which he can tell whether it was a windfall or a breakdown; that is,
whether it was blown down or broken off. The former are the best, as
they were probably sound when they fell. If he judges. it worth working,
he cuts out the matted roots and earth from over it, and saws it off at the
ends. This latter operation is casily performed, as the mud is very soft,
and without any grit. By means of levers he then Joosens it when it at
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once rises and floats in the water, which is always very near the level of
the swamp. The log is then cut into shingle lengths, and split into shin-
gles. The logs are sometimes, though rarely, worked for thirty feet. The
process, as carried on in the swamp, is shown in the cut.

It is very interesting to see one of these logs raised. It comes up with as
much buoyancy as a freshly fallen cedar ; not being water-logged at all. The
bark on the under side looks fresh, as if it had lain but a few days; and
what is remarkable, the under side of the log is always the lightest ; the
workmen observe that when the logs floats in the water it always
turns over, the side which was down coming uppermost. The drawing was
taken in a swamp which has been worked for its buried logs for fifty
years past; and the seattering tiees which are seen are only such as have
escaped the workman’s axe. The levers, spade, and other tools of the shin-
gler are seen, and he is in the act of cutting up the floated log. Several
bolts, or blocks in form for splitting into shingles, are lying on the ground in
front of him. In the background, a man is seen shaving theshingles. The
workmen go over the same ground again and again, and find new logs each
time. The buoyancy of the timber remaining, it is probable the lower logs
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BAWING CEDAR LOGS AND MAKING éI]INGLEE.

NEW JERSEY GEOLOGICAL SURVEY




HISTORIC GEOLOGY. " 359

rise in the mud when the roots over them are cut loose, and the logs which
laid upon them are removed.

These logs are found not only in the swamp, but also out in the salt-
marsh, beyond the living timber. Such marsh has, however, a cedar
swamp bottom, which has been overrun by the tide. In the view it will be

—

RAISING OR MINING BURIED CEDAR TIMBER.:

noticed, that while no living timber is to be seen, stumps are projecting
above the surface of the marsh on all sides. In this case, the method of
working the timber is the same as in the preceding. The drawing was
made at high-water, and the shingler is seen working at the timber below
the tide-level. Twenty thonsand shingles were taken from asmall spot near
this, the present yoar. A good idea may be obtained from the drawing of
the appearance of these lands, which are now being changed from timbered
swamps to salt-marshes. The heaviest part of the business in making the
shingles is done in the neighborhood of Dennisville.

By sounding with an iron rod, these logs can be felt under the surface at
all depths, from one to ten feet, and some have said for even more than that.
At Dennisville a well was dug in the marsh eleven feet in depth. Themud
near the surface was the common blue mud of the marshes; at a small
depth the peaty cedar swamp-earth was reached, and in it cedar timbers,
logs, and stumps, were found for several feet, and near the bottom the sweet
gum (Liguidambar styragfolia) and the spoon-wood or magnolia (Magnolia
glawea) were found. The well reached hard bottom. The white cedar
grows on peat, and its roots run near the surface, so that it might be sup-
posed the mud had settled with them, werc it not for the fact that, when
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cedar grows where the mud is shallow, so that its roots reach hard bottom,
its wood is unfit for timber, the grain or fibres being so interlocked that it
will not split freely. Such is found to be the case in the buried timber ;
the bottom layer, as it is called, is worthless. From this the inference is
conclusive that the hard ground was above tide-level when these trees grew.
Large stumps are frequently found standing dircctly on other large logs, and
with their roots growing all around them, and then other logs still under
these, so that one soon becomes perplexed in trying to count back to the
time when the lower ones were growing. Dr. Beesley, of Dennisville,
some years since communicated to the newspapers an article on the age of
the ccdar swamps, which was copied by Mr. Lyell in his Travels in the
United States, Second Visit, vol. 1, p. 34; in which Dr. B. says that he
“counted 1,080 rings of annual growth between the centre and outside of a
large stump six feet in diameter, and under it Iny a prostrate tree, which had
fallen and been buried before the trec to which the stwnp belonged
first sprouted. This lower trunk was five hundred years old, so that up-
ward of fifteen centuries were thus determined, beyond the shadow of a
doubt, as the age of one small portion of 2 bog, the depth of which is as yet
unknown.” .

On the west side of the beaches great numbers of dead red cedar trees
are still standing in the marsh ; the carth on which they grew covered by a
few inches of mud, and liable to be overflowed by high tides. The dying
out of cak and other hardwood timber was shown at Barnegat. On Squan
Beach there is a considerable tract exposed at about Lalf tide, from which
the timber was cnt off sixty or seventy years ago, and the stumps are stand-
ing yet. At South Amboy on Raritan Bay, I saw three or four dead white-
oak trees, all that were left of a grove of one hundred and fifty trees which
flourished there thirty or forty years ago. They were on aslope which was
formerly covered with grass, but the sandy gravel has been driven in by the
storms-—the grass and trees are killed. Captain Peterson, an old inhabitant
of Washington on the Raritan, gays that a portion of what is now salt-
marsh was formerly a swamp; and that a sandy point projecting into and
partly covered by marsh, was within his recollection covered with pine trees.
Great numbers of them can also be seen at low water on the strand at
Point Comfort, opposite Sandy Hook.

In the salt-marshes on the Raritan, between New Brunswick and Perth
Amboy, buried wood and stumps are common. Some years since a canal
was dug across the marsh from Washington to French’s Janding, to cut off
some of the bends in South River and the Raritan. The marsh- cut through
was from one to four feet deep, with a sandy bottom. THundreds of stumps
of the common yellow pine of the country, were found-with their roots

NEW JERSEY GEOLOGICAL SURVEY



HISTORIC GEOLOGY, 361

still firm in the sand as they grew ; and though most of them were removed,
a few are still to be seen at low water,

The marshes about the mouths of the Passaic and Hackensack Rivers are
filled with the remains of cedar timber; and every traveller who crosses
them by any of the railroads going to New York, can see the timber in the
ditches ; the stumps standing in the meadows and occasionally a log pro-
Jecting from the mud. In addition to this, stumps can be geen almost down
to low water-mark in the hard earth along the Newark Bay shore, between
Bergen Point and the month of the Hackensack ; and farther up the valley,
north of the Erie Railway and along the Northern Railroad, there are
cedar swamps in which the gradual dying out of the trees is scen to be now
in progress.

Mr, Nicholas Godfrey had a tide-mill on the seashore, two miles below
Beesley’s Point. He attended this mill himself for twenty-five years,
during which time no changes were made in the arrangement of the wheel
and raceways. He %nows that in that time he lost at least four inches of
heed by the increased height of low water, and says it may have been more.

The lower mill on West Creek was built fifty-two years since. It isa
pond mill, and its wheel-pit floor was carefully set, so that it might be as
low as possible, and not be affected by the tide which flows up to it; and
it has not been altered since. When first built, it was only an extremely
high storm-tide that would stop it; now, a common perigree tide will stop
it; and it is stopped in this way perhaps twenty times ina year. Judge
Goffe, my informant, is of opinion, that the tide rises on the wheel fifteen
inches higher than at first, and he is sure it is not less than twelve inches.

The saw-mill on Sluice Creck, owned by Mr. Clinton Ludlam, has been
built a hundred years. It is a pond mill, and from the old papers in Mr.
Ludlam’s possession, he is well satisfied that it was originally located so as
to be out of the reach of ordinary high tides. Now, such a tide would come
half way up the mill-dam; and the mill is only kept in operation by a dam
and sluice some distance below. Judging from all the facts, he thinks the
tides rise, on an average, at least two feet higher than when the mill was
built. ‘

Mr. Thomas Shourds, of Hancock’s Bridge, Salem County, informed me
that the sluices in a meadow-bank near his residence, on Alloways Creek,
were fully three feet below low water-mark—so low, indeed, that within
thirty years he has seen them but twice. The bank was built about the
year 1700. Sluices are usually made in marsh earth, but it is said they do
not settle much.  And, in this instance, there is good reason to believe they
are properly placed for what the tide must have been when they were set.
On the oppositelaétnk of the ereek from these sluices there is an oak stump
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standing, the roots of which are in the solid bottom, and the top of it is
about the level of high tide. The topissquare, as if cut off by an axe, and
the longest time since it was cut can be little more than one hundred years.

The enormous piles of clam and oyster-shells which were acenmulated
by the Indians, arc all in the marsh, and extend down to the hard ground.
There is every indieation that the marsh has grown several feet about them
since they were deposited! They can be examined near Beesley’s Point, at
Absecon, at Leed’s Point, at Tuckerton, and at numerous other places. Absa-
lom Doughty’s mill, near Absecon, lrad the apron or shecting under the water-
wheel 80 low that the water at high tide would stand a foot deep on it. It
had been built one hundred and six years, and there can be no reasonable
doubt that it was built to be above high water-mark—and there was no
appearance of settling about the structure. My own inference from the -
facts was, that it showed a subsidence of at least eighteen inches, and it
may have been more, for it is not likely there was any attempt to get
sheeting down to high water-mark.

These measurements agree in giving the rate of subsidence as about two
feet in a century, or one quarter of an inch a year. The whole amonnt of
this subsidence is not known ; it must, at least, equal the whole depth from
Ligh water-mark to the lowest points at which stumps and roots of trees
have been found in their places of growth.. This, from the evidence on
pp. 366-373, is seventeen feet, and it may be more. '

Most of the Jersey shore of Delaware Bay and of the Atlantic is fringed
by a strip of salt-marsh, in many places several miles wide. High tides
flow over these it i8 true, but not to any considerable depth, and they do
not appear to wear it at all, The land is very low and level, In the whole
county of Cape Muay there is not ahill of any magnitude. Togive an idea
of the uniformity of its surface, I mmay mention that a railroad line twenty-
four miles long, was surveyed through the central and highest part of the
county, in which the greatest elevation passed over was twenty-eight feet
above high-water, and the average was but eleven feet. The land near the
shores in the adjoining counties is equally low. On such shores it will
readily be perceived that a very slight depression of the surface must bring
a broad strip of land under water and that marks of such depression will
be found in much greater abundance than in localities where the shores are
bolder.

The people along the shore in such places are very sensible of this change
of level between the land and water, and are perfectly well satisfied that
the remains of the timber found are in the places where they grew, and
that they have not gone down by the ground washing away or becoming
more compact.  When it was objected to them that the white cedar trees
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have no tap-roots, but grow directly upon the muck, and of course that
they might have settled, it was readily admifted that one might think so
but for the fact that when the cedar grows eo that its roots can reach hard
ground, as they can when the. swamp is shallow, that then the timber is
worthless on account of the fibres interlocking so that it cannot be split
into shingles, and that in shallow swamps and in the bottoms of the decper
swamps, such timber is found, which to them is a plain evidence that it
grew there.  Further, they find at the bottom of such swamps gum and
magnolia trecs which have grown upon the hard ground. Pine stumps are
algo found at considerable depths below the surface ; these are tap-rooted,
and their roots reach the solid ground so that they are not liable to settle,
It is the general impression, however, that the cedar swamps do not settle
as long as they remain constantly wet.

Many of the residents who have observed this gradual encroachment of
the water and marsh on the upland, have accounted to themselves for it by
a variation in the rise of the tides, saying that the mouth of Delaware Bay
and the inlets on the sea-shore are more obstructed than formerly, and thus
cause the tides to rise higher. I do not know whether the obstructions are
as they state, but if they were so as to affeet the flow of the tide, high
water-mark would be lowered and not raised. But this is probably not of
much importance, as the tide at Cape May riscs only about five feet, and
the changes of level which have becn mentioned are more than equal to the
whole of this.

The late Edmund Blunt, of New York, who agreed with me in regard
to the apparent subsidence, was disposed to account for it by supposing that
it is in some way dependent on the clearing and cultivation of the ground,
and that it ceased about buildings and other struetwres. It will be per-
ceived, however, that many of the cases I have cited are of woodland
which has been overrun by water before it was cleared. I do not think
the cases to which I have referred are open to this objection, a many of
them were of upland forests, and not swamps at all.

From the pilots who go out of New York harbor I have not been able to
learn that they have observed much variation in the depth of water in the
channel, but they say that they probably should not notice it. The report
of the Harbor Commissioners shows that local causes are in operation
which affect the harbor of New York much more than this regular and
slow one. Two intelligent pilots who go out of the Raritan River inform
me that there is a greater depth of water in that river than there was
thirty years ago. With the exccption of the statements of these two pilots,
I have nothing upon which to base any estimates for the present rate of
subsidence’in the vicinity of New York. One of the pilots founds his
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conclusions upon observations made upon the wharf at Washington, and
he is confident there is cight inches more of water there than there was
twenty-five years ago. The other draws his conclusions from the depth of
water upon the reef of rocksin the river below New Brunswick, and the
depth upon the middle ground hear Amboy, and from the action of the
centre-board of the vessel, which always touches at these points, he is sat-
isticd that the water is deeper than it was thirty years since ; but he thinks
not six inches deeper. The opportunities for accurate observation are much
less frequent here than in the southern part of New Jersey, but from the
phenomena of the marshes and of the submerged forests on Long Island
and in northern New Jersey, I should infer that there was no material
difference in the rate from that already deduced.

There is another class of facts somewhat similar to those above men-
tioned, and of common oceurrence along our ghores, from which these
should be distinguished. The facts to which I refer are such as the follow-
ing: At Cape Island, Cape May County, there are found stumps of oak
trees at tide-level, which are covered by twelve or fourteen feet of upland
soil—cultivated farm land—and have but recently been exposed by the
wearing away of the shores. At Union, on Raritan Bay, in solid earth and
about two feet below low water, common hardwood stumps were found, in
digging a large basin.  Upright stumps of trees have also been found in
digging wells on the upland, at numerous places near tide water, on Dela-
ware Bay and the Atlantic shores, In similar localities, shells of the com-
mon clam, oyster and other recent species have been found in wells, and T
have observed them at various places several feet abova high ‘tide.

In the bank of Maurice river, seven or eight feet above high-water, and
still covered by several feet of sandy earth, is an oysterbed. It is exposed
for some rods. The shells are in common blue mud, ‘closely wedged in
together, and standing with the opening of the valves upwards, just as in
the living beds. At Tuckahoe, casts and impressions of the common clam
are found in the gravel at eight or ten feet above high-water. And at
Port Elizabeth and near Leesburgh, shells of the clam and oyster, and,
indeed, of nearly all the species of shells now common in the bay are
found, covered by from two to six feet of sandy loamn, and are extensively
dug for manure. I was lately informed of the existence of an oyster-bed
under similar cirenmstances on the beach a little north of Long Branch,
Deposits of recent shells are found in much the same way on all our At-
lantic coast, and also on the Gulf of Mexico. So many have been given
by different observers, that for the present purpose it is not necessary to
specify them. Attention is called to them now as indications of a period
of subsidence, and then one of elevation preceding the present, )

N
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The fossils, it will be perceived, are in circumstances which require that
the ground should have “oceupied -4 much lower relative level than the
present, and the covering which is over them is upland goil—portions of
that in New Jersey are in cultivation—and are among the most valuable
and productive soils in the state. From this we may fairly infer, that the
present period of subsidence was preceded by one of elevation, in which,
what was before the bottom of the sea or bay, was carried upward at Jeast
twenty-five or thirty feet above high-water. And there may have been
several alternate periods of elevation and depression ; of which that, when
the timber and shells of the alluvium were buried, must have been cne of
depression.

On the east shore of Newark Bay, about a quarter of a mile south of the
dock at Salterville, the waves have cut away the sand-dunes to some extent,
and have uncovered an ancient salt-marsh. The sod is in perfect preserva-
tion, both in substance and place, and is about four feet above the level of
the present salt-marshes. It must have grown during a subsidence which
préceded the present one, and then been covered by the sand-dunes which
have kept it from decay during the long time of elevation and subsidence
which has since intervened. The sand-dunes themselves must have been
formed when there was a considerable breadth of sandy bottom exposed
between the present rock-shore and the water’s edge. This could have
occurred only during the period of elevation, or when the tide-level was
. much lower than it is now. ’

In these alternations of elevation and subsidence we find a reasonable
explanation of the various phenomena connected with the upland alluvium,
If we go back to the commencement of the period of subsidence preced-
ing the present, for our starting point, and assume, as there is reason to,
that the ground was a little higher than it now is, then, as the ground
slowly sunk down, the water would overflow the upland, killing the tim-
ber, and carrying it beneath the level of the tide. This subeidence must
have continued until most, if not all, of the present upland of the county
was below tidelevel. Ogysters and other shell-fish would of course be
found whererer the sea-water extended. The action of the waves would
wash out the loam and finer particles of soil from the most elevated parts,
and deposit them in banks and points on the adjacent lower grounds, bury-
ing beneath them whatever remains of animals or plants might be there.
Tn the succeeding clevations, these points and banks, composed of fine and
rich washings, have become the most productive soils of the state. The
shells and other fossils buried beneath themn are prescrved unchanged, while
those on or near the surface have decayed without leaving any traces,
except in cases like that at Tuckahoe, when some cementing matter has
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preserved the form of the shell in the more indestructible materials which
surronnded them.

We may also find an explanation of the appearance of the ridges of drift-
sand near Cape May. They are well shown on the right of the road from
the steamboat landing to Cape Island. At about a quarter of a mile from
the landing the innermost sand-ridge or beach is seen. This ridge is
parallel to the present bay shore, and lies upon the gravel which is the
fast-land of the Cape. Between this and the bay shore there are several
parallel ridges of drift-sand, in which the sand extends down at least to
the water-level. It appears as if, at some former time, the waters of the
bay had washed the gravel bank which now underlies the innermost sand-
ridge ; and afterwards, as the waters receded, the sand from the strand was
blown up, and lodged on this bank ; and as the waters receded still farther
from the original bank, other and parallel ridges of sand had formed in
succession, The ridges have been formed long since, and have reared a
heavy growth of black-oak timber. They have ceased to advance, and are
now wearing away with the advance of the water upon the land. :

This gradual elevation and subsequent depression may have given to our
coast its peculiarities. For almost the whole length of New Jersay, the
main land is separated from the ocean by a strip of salt-marsh, in some
places several miles wide. On the outer edge of this marsh, next the sea,
is a row of long, narrow sand islands, or beaches.

In many places where the waves wash against the hard bank, the ma-
terial is continually being worn away, and deposited as a sand-bar, or shoal,
at some distance from the shore, and parallel to it, leaving comparatively
deep water next the land. If we suppose this to have oceurred during the
former depression of the land, a series of shoals would have formed parallel
to the coast. 'When a rising of the land took place, these shoals would be
raised above the surface of the water, and become the basis of our present
beaches ; shrubs and trees would soon grow on them, to protect their sur-
face, and to cateh the sand which would drift up from the strand. The
lower ground back would finally be clovated above the water, and would
be covered by vegetation, shrubs, and trees ; until a subsequent depression
of the surface should again carry them below the tidelevel, when they
would become salt-marshes—filling up with mud as the advancing tides
would bring it in, and thus keeping their surface at high water-mark.

The subsidence which has left such plain marks of its effects on our
shores, is equally well marked on the whole eastern coast of the United
States, as the following facts prove :

Prof. Dawson, in a paper On a Modern Submerged Forest at Fort Lawrence, Nova.

Scotia, published in the Quar. Jour., Geol. Boc., vol. xi, p. 119, mentions that, * outside
of the edge of the marsh, and about twenty-five feet below the level of the highest tides,
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which here rise in all about forty fect, . . . . appear many stumps and prostrate trunks
of trees. The stumps are scattered as in an open forest, and occupy s belt of one hun-
dred and thirty-five paces in breadth, and extending on cither side for a much greater
distance. Isaw more than thirty stumps in the limited portion of the belt which I
cxamined, , , , . On digging around some of the stumps, they were found to be rooted
in ground having sll the characters of ordinary upland forest soil. . . .” The smallest
roots of all the stumps were quite entire and covered with their bark, and their appear-
ance was perfectly conclusive as to their being in the place of their growth. . . . Allthe
stumps and trunks observed were pine and beech, and it is worthy of notice that these
arc trees'indicative rather of dry upland than of swampy ground.”” After mentioning a
popular explanation connected with some observations at the mouth of the bay, but
which he thinks insufficient, he says: “ The only modc of accounting for the phenomena,;
is the supposition that a subsidence to the amount of forty feet has occurred in the dis-
trict. Such a subsidence is not likely to have been limited to Fort Lawrence Point, and
accordingly I have been informed by intelligent persons long resident in the neighbor-
kood that submerged stumps have been observed at & number of other places in circum-
stances which showed that they were in situ, and that trees ond vegetable soil have been
uncovered in digging ditches in the marsh, Nor are these appearances limited -to Cum-
.berland Basin. At the mouth of Folly River, on the southem arm of the bey, a sub-
merged forest on an extensive scale i3 said to occur, and in the marshes at Cornwallis
and Granville vegetable soils are found under the marsh. These facts render it probable
that the subsidence in question has extended over the whole shores of the bay, and that
the marshes have beon deposited, and the present lines of coast-cliffs cut, since its occur-
rence. .
% The marshes of the Bay of Fundy are known to have existed at or about their pres-
ont level for two hundred and fifty years. It is truc that an opinion prevails in some of
the marsh districts that the tides now rise higher than formerly, and in proof it is allcged
that the dykes are now maintained with greater difficulty, and that tracts of marsh once
dyked have beer abandoned. The settling of the mud and the narrowing of the tidal
channels by new embankments may however have produced these cffects. For the
antiquity of these submerged forests we must therefore add to the two centuries and a
half which have elapsed since the European occupation of the country, o sufficient time
for the deposition of the slluyium of the marshes. On the other hand, the state of
preservation of the wood, after making every allowance for the preservative effects of the
salt mud, showa that its growth and submergence must belong to the later part of the
modern period.”

Prof. Hitchcock, in his Geology of Massachusetts, p. 307, says s  submarine forest
exists nt Holmes' Hole, on Martha's Vineyard. Itison the west side of the harbor, and
was described by the pilot as having the appearance of a marsh at low water, Stumps
have been found there in great numbers, of the eedar af least.

% Near the southwest extremity of the Vineyard, on the north shore, I was informed
that another forest of o similar description might be scen. On the north side of Cape
Cod,-also opposite Yarmouth, cednr stumps may be found (as I was informed by the cap-
tain of the Falmouth packet) extending more than three miles into Barnstable Boy,
and Mr. Heary Wilder, of Lancaster, who first directed my attention to this subject, says
the same thing occurs in the Bay of Provincetown, on the side opposite the village.”

In Dr. Jackson’s report on the Geology of New Hampshire, p. 280, nn article by J. L.
Hayes, of Portsmouth, mentions that at Rye Beach, " among the various phenomena
which may be witnessed, are the remains of a submerged forest. The stumps and roots
of trecs of o large size are frequently scen, during very low tides, on the lower margin
of the beach. They,appear to have been broken off near the roots, which remain in
their original positions. The trees were mostly white cedar. . . . . Btumps of trees arc
‘found in most of the salt marshes around Portsmouth.”

Prof. Hitchcock, in a paper on the Geology of Portland and vicinity (Bost. Jour. Nat.
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Hist., vol. 1, p. 338), and J. L. Hayes, Esq., before quoted, do not think the instances they
have cited are proofs of subsidence, but that they are only low lying swamps, originally
shut in from the salt water, but which by wearing away of the shores have heen exposed
to the action of the sea which has washed out the muck and lowered the stumps. Such
an explanation would not apply to the cases of the islands which I have mentioned, or to
those along the sloping shore. ’

Edmund Blunt, Esq., of New York City, informs me that he had observed the various
phenomena connected with the submerged timber, on the south shore of Long Island,
and on the shores of Delaware and Chesapeske Bays, and that he made them the subject
of a verbal communication to the New York Lyceum twenty years ago,

At Hempstead, on Long Island, Mr. Valentine Smith, an old resident, informed me that
‘he knew of an island in his meadow which was covered with trees since his recollection,
but which is now salt-marsh ; and the highest part of the island is lower than the surface
of the meadow,

Dr. Emmons, State Geologist of North Carolina, has observed submerged forcsts under
similar circumstances in Albemarle sound.

Prof. Tuomcy, in his report on the Geology of South Caroling, refers to numerous facts
to show that the opinion of a subsidence of the coast of that state, originally advanced by
Bartram in his Travels, and since sustained by Lyell in his Proc. Geol. Soc., vol. ii, p. 406,
isincorrect. 1l concludes that “ there is not a single instance of submerged swamp that
cannot be traced to the encroachment of the ocean without supposing any change in (he
relative level of land and water onthe coast. Those writers who have referred them to
the latter cause erred in not having first studied the nature and level of the swamps in
which the trees grew whose stumps are found submerged, and in not distinguishing top
roots from true stumps.”

Long Island Historical Society, Brooklyn, New York.—At the May meeting, 1868,
@ paper wasread by Mr. E. Lewis Jr., on * Evidences of Coast-depression along the Shores
of Long Island.” Tt is found by s series of observations made by Mr. Lewis and others,
that large areas, known to bave been formerly meadow, swamps and woodland are now
permanently leneath the water. Some important changes have taken place along the
flat shores within historic times. Remains of swamps with fresh-water vegetation are
abundant, from four to nine feet below the surface of the meadows, along the southern
side of the island, in the bay which intervenes between the beach and theuplands. Inone
instance roots of swamp vegetation, fast where they grew, were found quite near the beach,
under ton feet depth of water. Btumps of the white, or swamp-cedar ( Cupressue thyoides),
occur in great numbers, fast in the peaty meadows and salt-marshes, which are now per-
manently covered -with salt-water. Near Fort Hamilton are the Dyker Meadows, so
called, which extend inland ncarly three-fourths of a mile. The upper end is o fresh-
water swamp, with cedar and other trees. Where the tides overfiow the trees nre dead,
many of them still standing, Lower down, or near the bay, stumps only remain; these
abound in the meadows and are in & good state of preservation, These meadows extend
beneath the bay; and one-fourth of a mile from the shore-line stumps of the cedar, from
two to three feet in dismeter, have been found. It is probably continuous with similar
meadows on the opposite side of the river.

A general invasion of the beach along the const has oceurred within historic time; it
having been thrown inland, submerging the meadows. From this cause large masses of
old meadows are often torn up by waves outside the beach,  There is evidence that the
great bay, extending from near Islip to Bellport, was formerly a fresh-water swamp, from
which streams of considerable size cmptied into the ocean. It is now a shallow bay,
in which, about a century since, were great numbers of stumps—the fresh-water and up-
land vogetation having been destroyed by the invasion of the tides. A lincof fence-posts
hear Southampton along the shore of the ocean, were cxposed o few years since by an ex-
tremly low tide which followed o violent storm.  These had been buried with sand and
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covered with water not less than a century, and the line was found to correspond with
early surveys of the town,  Bubmerged meadows arefound in many places on the north
ghore of Long Island. A few mules east of Fort Jefferson, it extends half a mile from the
shore, is solid, compact, ond hes in places sixteen feet below the surface of the water at
low tide. A general wearing away and undermining of the headlunds around the islands
has long attracted attention.’ In constructing the Erie Basin near Red Honk, New York
Bay, Mr. G. B, Bruinerd, engineer, found the following series of deposits. The measure-
ments were taken at various points where the water was ten feet deep at low tide:

1. Two feet of mud—ordinary sediment of the bay,

2. One foot of yellow sand,’

3. Bix inches of aluminous deposit, quite hard,

4. Tan feet of compact, decayed, peaty meadsw,

5. Layer of extremely hard micaceous clay and saud, beneath which was found mud
rather soft, but the dppth and character of which was not determined.

During the summer of 1867, John Nadir, U. 8. Engineer at Fort Hamilton, carefully ex-
amined the underlying formation around Fort Lafayette, for the purpose of determining
whether it would admit of the erection upon it of heavier walls. By a series of borings
the earth was. penetrated to a depth of fifiy-three feet, at points between eight hundred
and ore thousand feet from the shore, where there was ten feet depth of water at low tide
The deposits were as follows :

1. Twenty fect of coarse sand and gravel, with a few broken shells,

2. Three feet of decayed marsh or meadow, with diatomaces and spicula of sponges and
shells,

3. Seventecn feet of gravel and sand, with many broken shells.

4. Thirtecn feet of mud, quite compact, which appears to have been a marsh with
scanty vegetation, rather than a meadow. The vegetable remains brought to the surfece
by the sand-pump are bits of cedar, and fragments of what appearsto be salt-marsh
grass, but too much decayed to be fully identified. In this formation great numbers of
shells were found and identified by Mr. A. R. Young, conchologist of the section, as be-
longing to species now common on this coast. Most of the specimens are in an excellent
state of preservation. . Among them are Nassa obsolete, Anomia ephippium, Myarenaria,
Crepidula fornicata, Solen enais, and Mytilus edulus, Tt may be stated in this connection
that similar deposits, at corresponding depths, have been found in the opposite side of
the river in the vicinity of Fort Wadsworth.

The investigetions made on the Long Island shores confirm the conclusions arrived at by
Prof. G. H. Cook, in his report on the Geology of Cape May County, New Jersey, that the
oscillation of land on this coast during the last epuch has been one of subsidence. If the
formation found near Fort Lafayette be, as it evidently is, an ancient marsh, the depres-
sion has been at least fifty-three feet.”

The following letters were answers to inquiries made in Maryland,
Virginia, and Georgia, upon the subsidence of their coasts:

81, MicraELs, Mp., Dec. 17, 1857,
Georatt H. Coox, Esq :

Dear Sir—-My farm is immediately upon the Kastern Bay, a large arm of the Chesa-
peake, where the winds upon the north, northwest, and west have a fair sweep. Kent
Island protects me somewhat from the two former, and Poplar Island shields me a
little from the other. ,

The flats upen the_ bay shore extend for three or four hundred yards from the
shore, and barely that distance whenever the wind prevails for any length of time from
the north-northwest, At adistance for two hundred yards from the present high water-
mark are to be seen the stumps of some large trees, oak, pine, and chestnut, showing that
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at one time there were large trees growing there. A boat at anchor in high tide, broke
her chain on the windlassin trymg to take in her anchor. The following winter, from 4n
unusually low tide, the wind being for two or three days from the north-northwest, the
anchor was rccovered Onefluke of it had caught under a large root of an old oak stump
still sottnd and firmly fixed in the ground. On on average tide the water here is four feet
deep.

The western shores of Kent, Poplar and Sharp Islands, partlcularly the two latter,
wash tremendously, The shootmg points of some of them, in the knowledge of men
now living, have long since heen washed away ; and years ago (I cannot learn how long),
where o convict was hung in chaing on Bloody Point, is now from the shore & mile, or
near it, The shores upon the west, northwest and north, are wearing rapidly away, and the
salt-marshes are continually forming. The shores to the south do not wash as rapidly,
because the expansc of water is not so great, and therefore the winds from the south and
east have not so much scope; and the waves not being es high, the shore has not worn
much. Several years ago the water cut for itself a track through a narrow neck of land
on Poplar Island, making two instead of ore. For several years this track continued to
be narrow, but it is now some seventy yards wide. This oceurred recently.

In some few places where the salt-marshes have been formed, the land has made some
into the tide, and we think if we can get these to form on our shores, that the tide will
cease to wash them. On all sides where thete is a large body of water, at whatever point
of the compass it may be, if the wind blows on to the shore the land will thus wash, and
where there is now a dal!y tide, some time since corn and wheat were cultivated. The
tides this fall and winter have been continually higher than for several years past.

Very respectfully yours,
W. NICK. PINDELL.

87, Micragr's, Md., Jan, 16, 1858,
Prof. G. II. Coox:

Dear Sir—In regard to the depth at which timber is found, or the remains of trees,
stumps, etc., I can say but little. The deepest which I have seen has not been over six
feet. This was seen in asalt-marsh which T ditched. From three to four feet'under the
surface (which was firni) 1 came upon rails which I supposed were fenec-logs. These
were of pine and chestnut. Nearly six feet below was a stump of some kind ; what
kind I was not able to determine. This marsh, secording to my supposition, was at one
time subject to regular tidal influences, but I may be mistaken; and from the washing
of the land (for the marsh is a basin lower than the surrounding country) our entire
country is level. At a place where the tide has cut through Poplar Island, making two
instead of one, immedintely between the two points, the depth of water is, as I suppose,
five feet ; and firmly fixed in the soil, and plainly to be seen, are the stump and roots of
a tree; what kind I am unable to say. From one to two hundred yards from the shore
may bc seen, at any low tide, the stumps still standing, of pine and oak, along our bay
shore, where, in places, the waves cannot have much influence upon owing to the expanse
of water. The light-house now upon Sharp’s Island is nearly washed quite up to the
yoard, This is the second one; the site of the first is submerged. This is very modern,
for, not until latc years, was there a light on this point. Sharp's Island is immediately at
the mouth of the Big Choptank River, and thirty years ago, contained ncarly or quite
five hundred acres, perhaps more, for no one can tell me exactly. The owner of it now
tells me he does not think there is three hundred and fifty. One of his fields, which was
cultivated then, has in a part of it almost entirely washed away. It is not in one place
thirty yards across from the bay to the river. The west side has been where this has
taken place. The loss of timber here has been immense. One of the old residents here
told me that from where the light-house now is to where the shore used to be, was 2
dense forest of large trees, but now there is not a vestige of a tree, seve the stumps in the
flats. Government will soon have to rebuild the house again. A farm upon the main-
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land, containing by recent survey two hundred and sixty-five acres, sixty years ago had
three hundred and ninety-five acres. There are other farms which have been more sub-
merged than the lest one I have mentioned. The marsh which I have used from my
ditches a3 manure, efter tuking off the top, which ig salt-water grass, is composed of
vegetable matter, and the leaves are to be seen distinctly to the depth of four or five feet
in the mud. The stumps of trees which are thus exposed show more of a hacked than |
a cut appearance. They are very uncven and seem to have been cut all around, and not
upon two sides.

From the top of the surface where cultivation is now going on, to the surface of the
water, is cight or ten feet. Many farms lose a turning-row each year, though the land
does not bresk off in a continual slice, but rather in spots, say six or ten feet at & time.
Whenever the earth is of a finer texture or quality, there is more and a faster wearing
away; and when the soil is of a white-oak kind, there is a corresponding slowness of
wear.

The forest trees are mostly oak and yellow pine. T am not able to say which is the
more durable in water, for the stumps of one kind are found often as the other. Along
ny shore, fully six feet below the surface of the land, I found some months ago a limb
of a tree, locust I think, sticking out from the bank. This had evidently been cut with
some kind of an implement, and the bark taken off, and seemed to have been used as a
lever of some kind. It is likely that I may have been deceived in regard to the kind of
wood it was, for I did not pay much attention to it; only one thing I do know, it was
cxceedingly hard. How long this has remained under the soil it is impossible even to
conjecture, or by whom cat, it is impossible to know. It was most certainly used by
some ‘“‘old-time people,” and if they had buried it, there it was, to say the least of it, a
long hole and a deep one. The wood was almost as hard as a stong; indeed, I might
nlmost say petrified. My conjecture was, that the land at that place had made over it.
The entire shore has washed more this winter than for years hefore.

To stand on & level with the tide and look above, the soil seems to be composed of four
or five layers; the last in view is always that of a marsh character.

Truly yours, W. NICK. PINDELL.

Norrorx, Vu., February Sth, 1858,

My Dear Sir—Tn replying to your letter, I can hardly say that irrefragible testimony
can be furnished that the same chiange has taken place on the coast of North Carelina,
not to meation numerous facts less convineing and conclusive from which I might adduce.
I will state onc or two only, which, as they nre from the most velinble pources, place the
question beyond a doubt or denial.

1. A fricnd of mine informed me that in clearing a fishery at the mouth of the Roa-
noke River, he took from the middle of the river a live-oak atump. This tree, as is
known to you, grows only on high land, and, if he was not mistaken in the character of
the tree (the possibility of which must be admitted), demonstrates that where the bed of
the river now is, was once high land.

2. Another friend, in clearing s fishery at the upper end of Albemarle Sound, encoun-
tered a eypress stump in thirteen feet of water, and, after very great difficulty, it was
gotten up, when its charred surface gave unmistakable evidence that it had been on fire
at some remote period. Most respectfully,

D. M. WEIGHT.

NEAR DARIEN, Ga., December 24th, 1857,
Mr. Georae II, Coox:
Dear Sir—I entircly concur with you in the conclusion to which you have arrived, and
have long entertained that opinion, Previously to Sir Charles Liycll's visit to Georgia, I
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had devoted somo timeto the investigation of the swamps and marshes of this vicinity,
and was struck with the existence of the stumps of eypress and pine trees in the salt-
marsh from one to two miles below the present forests;—and following them up the
course of the river to discover them below the existing pgrowth of trees, at o depth of
from two and a half to four feet below the present surface of the land. I called Sir
Charles Lyell's attention to these facts, and afier taking him to several remarkable locali-
ties and expressing to him the opinion that the remains indicated a subsidence of the
land, he concurred with me. Since then I have observed the same appearances at various
points slong the coast of Georgia and South Carolina; and any one who makes a voyage
through the inland navigation of the two states, may have an opportunity of sceing the
stumps of trees at low-water in the wearing sides of creeks, at from- o mile to a mile ang
a half below the present wooded land, cither in brackish or salt-marsh.

About the year 1848 I contributed a sketch of the Geology of Georgia to * White's
Statistics of the State of Georgia,” from which I make the following extract as convey-
ing my then impressions ;

“ Tertiary Formatipns—The sea-coast of Georgia is rich in the more recent formations.
In the salt-marshes and swamps which are spread out between the sea-islands and the
main land, and along the borders of the rivers and crecks, arc extensive hodies of recent
alluvium, Although the deposits come under this general hend, they are obviously so
different in age as to admit of heing subdivided with advantage. The most recent is
that constituting the salt-marsh and tide-swamp. This is & very modern alluvium, still
in the courss of formation from the deposits of sedimentary matter brought down by the
rivers, in the reflux of the tides. Tt consists of a tenacious blue clay, mixed with fine
silicious sand and vegetable matters, and at the depth of from ten to twelve feet rests on
o sandy post pliccene formation. This subdivision of the recent alluvium contains no
fossils, except of such animals as now cxist on it, The older subdivision forms the inland
swamps above the reach of tides, snd ocecurs not unfrequently in tide-swamps, in the
form of small knolls, and in the salt-marsh, sometimes rising above its surface, but
generally underlying it at the depth of from three to four feet. It consists of a very
compact clay, destitute of vegetable matter, varying in color, but most usually blue or
yellow, It frequently contains beds of marl and calcarcous gravel, snd is generally
highly impregnated with iron. Like the salt-marsh it rests at no great depth on a
sandy post pliocene formation. This older recent formation derives much interest from
the circumstance of its presenting in many parts of the salt-marsh and tide-swamps
where it occurs, indubitable proofs of subsidence at a recent geological period of the
sea-const from Florida to South Carolina. Stumps of cypress, pine, and other fresh-
wader trees, in an erect position and worn away to a horizontal line, are found on it,
botk in the tide-swamps and salt-marshes, with their tops buried three or four fect below
the surface of the land, and at the same depth Lelow the ordinary height of the tides,
In the snlt-marsh, these remains occur several miles from the present forests, and where
the water is now salt at every stnge of the tide, and at all seasons of the year. The
kind of trees, their erect position, the horizontal line of erosion, the accumulation of the
goil above them, and the flowing of the eslt-water three or four feet sbove and several
miles beyond them, all indicate a sinking of the land pesterior to the inJand swamp
formation.”

*In the present tide-swamps it is very common to find a tree of three feet in diameter,
growing immediately over a stump in its erect position of the same diameter: and when
the banks of the rivers are worn sway logs of cypress are exposed lying three or four feet
below the surfuce with the upper part worn away horizontally.

I noticed Mr. Tuomey’s dissent from this theory of the subsidence of the land in his
Geology of South Carolina, but being fawmilinr with the land-slips to which he attributes
the present position of cypress, I believe his views to be entirely unsound, Along the
sandy shores of the hammock islands itisnot unususl to find live oaks and other trees
of wide spread roots, sliding down from their original place into the water and still retain-
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ing their erect position. But this is invariably produced by the undermining action of
the water, and requires that the soil on which the trec grows shall be a loose, friable
sand, and that the roots of the trees should extend horlzontally so aato form a lateral
support for the tree. Now, unfortunately for Mr. Tuomey's theory, it happens that the
stumps of the trees existing so sbundantly in the swamps and marshes arc found reating
on a gtiff clay, and unbedded in elay, and are of kinds which only grow on tenacious clay
soils, which are not subject to be undermined.

'I‘hcy are of kinds that have high trunks and small lateral reots and which if under-
mined would certainly fall down., Another fact which settles the question is that in
new fields reclaimed from the marsh continuous bLeds of cypress stumps from two to
four feet below the surface are found in hundreds of acres, clearly indicating extensive
forests of swamp trees, and not a few detached trees accidentally undermined. Those fields
consist of compact clay to the depth of ten to twelve fect at least, and the sandy founda-
tion on which they restis below low water-mark, and is rarely undermined by the action of
the streams, It may morcover be said that the submerged stumps form a belt from South
Carolina to Florida, varying from one-half to two miles, and perhaps greaterasthe points up
the river, where they exist under the present trees, has never been aceurately traced, Atthis
plantat:on (Hopetown) they are found five miles from the present eastern ‘or lower limit,
on the Altamaha river,

“1 am, very respectfully, dear gir, your obedient Bcrvnnt,
¥J. 0. COWPER"

Sir Charles Lyell says: “I cven suspect that this const of Georgia is now sinking
down at & slow and insensible rate, for the sen is encroaching and gaining at many
points on the fresh-water marshes. Thus, at Beauly, I found upright stumps of trecs of
the pine, cedar and ilex, covered with hve oysters and barnacles, and exposed at low
tidea; the deposit in whlch they were buried having been recently washed away from
ulound them by the waves.” He records other observations in relation to she submerged
trees at the mouth of Cooper River, near Chatleston, and of the Altamaha,in Georgia.
He quotes Bartram, the botanist, who wrote in 1792, as saying, “It scems evident even
to demeonstration, that those salt-marshes adjeining the coast of the main, and the reedy
and grassy islands in the rivers, which are now overflowed at every tide, were formerly
high swamps of firm land, offording forests of eypress, tupelo, magnolia grandiflora,
onk, agh, sweet-bay, and other timber trees, the same as are now growing on the river
swainps, whose surface is two fect or more nbove the spring tides that flow nt this dag.
And it is plainly to be secn by every planter along the coast of Carolina, Georgis and
Florids, to the Missiesippi, when they bank in these grassy tide-marshes for cultivation,
that they cannot sink their drains above three or four feet below the surface, before they
come to strata of cypress stumps and other trees, close together, as they now grow in the
swamps.” . .
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COMMON AND CHARACTERISTIC FOSSILS OF THE THREE
' MARL BEDS.

Fossils are abundant in the Marl Beds, particularly shells, and numbers
have been described the names of which are given in Appendix C, together
with reference to the books in which the descriptions can be found. Figures
of a few of those which characterize the beds and are Very comion, are
here given with their names:

FOSSILS OF THE LOWER MARL BED. .

Lxogyra costate. This well-known
shell is found abundantly in the whole
of the Lower Marl Bed and the Red
Sand DBed, but has not been observed
above these. It is sometimes scen in the
upper part of the clay marls. The figure
is that of a specimen much smaller than
that of the average, though of the same
form. BSome of the single shells weigh
three or four pounds, and Prof. Rogers
mentions one that weighed nine pounds.

EXOGYRA COBTATA.

Pyenodonta vesicularis. This is a very common fossil, and has a mueh
wider range than the preceding., It is found in the Clay Marls below this
bed, and in great numbers in the Middle Bed; and in the Upper Bed it is
found in small specimens. It is also known as the Gryphea vesicularis,

FYCKODONTA VISICULARIB, VAR.

PYCKODONTA YVESICULARIE.
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Ostrea larva is also a very common fossil. Its
limits are the same with those of the Exogyra,
The figure will be recognized by all whe have
seen the shell.

Terebratella plicata. This'small and beautiful
shell is very abundant in some parts of the Lower
Bed, occurring with the Ostrea larva most gen-
erally. It is not seen either above or below this.
marl bed.

TEREBRATELLA PLICATA.

Belemnitelly mucronata. This singular fossil will be recognized by
every one. It has the same range with the two already mentioned. It is
" not, howev-
er, 80 uni-
formly dis-
tributed; in

BELEMNITELLA MUCRONATA. some marl-
. pits it s
rarcly if ever met with, while in others it can be found by hundreds.

FOSSILS OF THE MIDDLE MARL BED.
Torebratula Hariani. A characteristic fossil of the Middle Bed—

forming al-
most the

E whole mass
§ of a certain
E layer known
3 as the shell-
d layers. It
=

is te be seen
at most of

the pits in West Jersey in this manner. The Red Sand also contains in
some places specimens of this fossil.
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Ldonearea wvulgaris. Cucullea vulgaris. This fossil abounds in the

TGS o

IDONEARCA YULGARIB. CUCULLEA YULOANIS. IDONEARCA QUINDECEMRADIATA.

Middle Mar]l Bed, and extends upwards into the Upper Marl Bed. It is
found in casts and the workmen call them squirrel-heads.

Teredo tibialis. This consists of
an aggregation of eylindrical tubes
filled with earth and hardened into
a stony mass—the calearcous outer
covering being nearly all gone.
This is most common in the lime-
stone and limesand of the Middle
Marl Bed, although it also appears
in the green marl,

Pliophlae sagena.
These small remaing
of branching coral-
lines characterize the limestone of
the Middle Marl Bed.

PLICTHLAE SAGENA.

FOSRILS OF THE UPPER MARL BED.
Crassatelle Delawarensis. This is known only in the green layer of

CRABSATELLA DKLAWAIIENBIS‘. CRABIATELLA DELAWARENEIS, VAR.
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the Upper Marl Bed, and is quite common about New Egypt and to the
southwest of that locality.*

Terebratula glossa. This cast is also
common to the green marl of the Upper
Bed.

TEREBRATULA GLOBSA.

Aturia Vanw xe-
mi. Alarge cham-
bered shell found
only in the Dlue
marl and upper layer
of the Upper Marl
Bed. The natural
gize often exceeds
this representation.
It is abundant at
Shark River.

ATURIA VANUXEMI.

Venericardia perantigua. The blue
marl of the Upper Marl Bed affords a
very large number of casts of this beau-
tiful bivalve fossil on its upper or stony
parte,

Nudleolites crucifer. This specimen
is less common, although found at some
localities within the outerop of this
Upper Marl Bed. The best locality is
at New Egypt.

NUCLEOLITES CRUCTFER.

# At Squaskum this cast does not abound, but instead the most common fossil is a globose cast
of a smoll bivalve which is known s the Oyprira Morrisii,

48
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PART IITI.

ECONOMIC GEOLOGY.

DIVISION I

FPFERTILIZERS.

CHAPTER 1I.

GENERAL STATEMENT—SO0ILS.

Tue proper knowledge and use of fertilizers is of the highest importance
to our agricultural development. The liberal and judicious application of
them, and the skilful tillage of the ground are the two chief pointsin prosper-
ous husbandry. The latter of these does not come within the province of
the survey, exceptin an incidental way. The processes of draining, plow-
ing, harrowing, and cultivating the soil are essential to success, and when
well performed, enable the farmer to raise crops on almost any soil from
the lightest sand to the stiffest clay. Indeed, the character and capabilities
of a soil depend so much more upon its mechanical condition, than on its
chemical composition, that the leading agricnitural chemists of the day are
of the opinion that at our present stage of advancement in Agriculture, soil
analyses are of but little benefit to farmers.

In the prosecution of the survey it has been assumed that the soils on the
different geological formations were derived from the rocks underneath
them, and, of course, werc of nearly the same composition with them. In
the Detailed Geology, and under the proper heads, will be found chemical
analyses of gneiss, limestone, slate, shale, trap-rock, clay, greensand, etc.
The goils are mostly derived from these; somotimes from one and
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gometimes from a mixture of two or more of them. (See chapters on Geol-
ogy of the Surface.) And this geological classification of soils is probably
the best that can be made. A more common classification i into sandy,
loamy and clayey soils. The latter, however, is not capable of general
use. The meaning of the three terms always depends on the experience of
the person who uses them. What in one part of the state is called a clayey
soil, in another part is called a loamy soil, and in still other places it would
be called sandy. Tho soils in the southern portion of the state are much
lighter than in the middle and northern part. A fewsoils have been analyzed
in the course of the survey. They are here presented:

Analyses of a Soil and Subsoil from Hanover Neck, Morris County.

1 2

I8 e e i v crtr e tee tiebe braeserevanas 80.07 78.33
AlUMINA. ot rr s iiiies it e e aaaeieaas 6.94 8.45
Peroxide of 1r0m ... oueiiir it e ciee i eeeas 4.70 5.9t
Lime.... ....... et e e eeenas .36 .73
Magnesia...vivieniiniiniens cenans B P .19 .31
Alkslies.. ....... ettt eeieaiar i aarans aeeaans .34 .80
Bulphuric acid...,.......0, b ima e .13 .37
. Phosphoric acid........... e e .82 .85
Organfcmatter...........ooiaiiiii i il 3.22 2.03
R 23 e 3.42 2.20
06.70 09.64

1 Is a soil from the roadside, Hanover Neck, Morris County.
2 Ts 2 subgoil from beneath the soil at the same locality.

This soil is of medinm quality and good under generous cultivation, but almost worth-
less when neglected. '

Analyses of a Soil and Subsoil from Shiloh, Cumberland County.

1 2
L IO I £ B2.26
Alumina.......... vere e O 1 . 5.89
Peroxide of fron.....oovvvivnniiiiii it . 3.60 5.08
LI, e i et e e e trace. trace,
Magnesia....oooiiieaninns cininannoes Cheteeare e 1.79 0.40
ATKAlEa. ..o it i e e 0.47 0.44
Sulphuric acide. ciorer i it e 0.58 0.31
Phosphoric acid..........oooviiiiiii el 0.16 0.44
Organic matter. . ....... ...oooos i 5.45 2.38
Water..oovvenieinn, Ce e e isea s 4.7 1.88

98.85 90.06

1 Is a soil from the old Minch property near Shiloh, Cumberland County. The speci-
men is taken from & hollow back of the buildings. The wood was recently cut off,
The soil is probably a little finer than-it is on the ridges. It has never been cultivated.

2 Is & subsoil from the same spot.
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Analysis of a.worn-out-Soil from near Shiloh, Cumberland Connty.

Biliea............. e et a e e arn e bean e ... 85,98
Aluming. . .ooooiiiiii i iiis e e s e 3.91
Peroxideofiron......... ...... it aat ekt aeeriieenareeaeeas 3.08
Lime......... e hen e eeee b saraenres e r e aaeans 24
Magnesia. . ... e bt i beeer e ieanaraaeaaes ans 3 |
AlAlies. vnvrrevnni e cnrnnnen . 1.02
Sulphurie acid....... e, © e e e ieree e .19
Phosphoricacid......... Cernriesees it T P
Organicmatter..... .....coivieniianann.. .. G e 2.33
Water. ..o e Teb vt deanans renrraaas 2.80

09.54

The following table of analyses represents the chemical character of sev-
eral of the Cape May soils.

1 2 3 4 6 6 i

Siliea........ ...... 92.21 01.60 93.01 90.89. 20.09 84 .80 94,79
Peroxide of iron .

and Alumina.... 8.63 3.20 3.74 4.76 4.99 G.90 3.52
Lime........ . . 0.8 0.42 0.34 9.43 0.40 0.22 0.12
Magnesia,... . .. . 0.28 0.26 0.42 (.29 0.34 0.70 0.16
Potash ..., .. oo 0097 0.47 0.44 .30 0.50 0.71 0.25
Sulphurie acid..... 0.22 trace. 0.28 0.17 trace. 0.306 0.10,
Phosphorie acid.... 0.06 0.08 0.09 0.07 0.19 0.19 6.C9
Organic matter..... 1.0 3.00 2.03 1.81 2.02 4.58 0.50
Water.... .... ..... .70 0.90 0.60 1.60 1.47 1.52 1.38

9.55 99.94 100.98 100.22 100.03 100.03 99.90

Ammonia.......... .... 30,34

. Taken from a back field of Dr. Wales, at Tuckahoe.

. From a field of Stephen Young, near the toll-bridge, over Cedar Swamp Creek ¥
. From a field of John Stites, Sen., Beesley’s Point,

. From a field of Joshua Swain, Townsend’s Inlet.

. Frem Richard D: Edmond’s field, Cold Spring,

. From the farm of J. L. Smith, Stipson’s Island,

. A gravelly lopm, from the farm of Peter Coraon, Petersburg,

=3 S T W L)W =

These soils were first dried in the open air before comimencing the analysis,
It will be pereeived that the amount of water retained in them after this ex-
posure varies, being less in the most sandy, and more in theloamy. This, of
itself, is a most important property ; but it becomes doubly interesting when
it is considered that the power of absorbing and retaining manures varies in
somewhat the same ratio. A consideration of this point will suggest the im-
portance of improving the texture and retentiveness of the soils, by adding
clay or mud from the marshes.

* This s0il is 2 sandy loam, known in Cape May ne o black send. The field of one and a half aeres
was manured, in 1854, with twenty loads of barn.yard manure, and three hundred pounds of guano:;
ond fifty bushels of wheat were harvested from it in 1855,
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The following is an analysis of a soil from the farm oceupied by Downes
Edmunds, Jr., near the Cape May Light-house

Analysis.
ST 87.51
AlUmIna, .. v veevens vanetannanncanescass enraeees 3.40
Peroxide of fron..........cc..viaee teeranaann veen. 2.88
LimG..eacees wue Greteriiiinne e aan Creiareeriaaens 0.97
Magnesin. ..ovviiiene crivaiaieiiianans Cheianaaens 0.75
Potash.......... viiiininaneens F N PR 0.714
Sulphuric acid........ eeatmsetaiaarrerrtaiasnaran trace.
Phosphoric acid....... P 0.15
Chloride of sodiam (common salt).........c.ovavnn 0.14
Organic matter......... b nreneae e 2.59
B R I L LLEERERT TR RRTLT RS veres 1.89

101.08
Ammonin . .........eenee e e ceee. 0,09

Mr. Edmunds says of this soil: “It has been worked for the last hun-
dred years, as I am informed on the best authority, without any vegetable
or mineral matter whatever being put on it. It has been under cultiva-
tion in corn, wheat, rye, oats, and potatoes, successfully, every three and
four years, from the time spoken of until the present. 1 am not aware of
its being impoverished by this mode of cultivation since my knowledge.
T have found the erop to be as good the last season as it was the first I
knew it. The aren of that part of the field so productive is about five
acres. In many places the soil is shelly; so much so that it requires some
skill to manage the plow. The subsoil is deep with a black sandy mould.
T think the shells have been in some way the cause of the productiveness
of this field.

“The analysis of a soil which has been under constant cultivation for a
hundred years, with a three or four years’ rotation of field crops only, and
which still produces fifty bushels or upwards of corn per acre, is worthy of
notice,” .

The following is the analysis of a subsoil from the farm of Wm. J. Bate,
of Fishing Creek:

Analysis.
151175 P 87.47
Tron and aluming...ooierieirnanrs comvmianuannnas 7.94
Lime....... Cereereesrraaans e ean e e 0.42
Magnesia,........ brs redreiiesseeresatriene.ateTas 0.65
Potash ........couivn, re e baitaee et 0.61
Sulphuric acid... .oconin oot hemaeinires i 0.23
Phosphoric acid ... vevnvnn. Cmeearrsare it 0.13
Organic matter ........ e e 1.76
‘Water..... e resraareratE s arestan s - 1.36
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The following are analyses of deposits on the salt-marshes in Salem and
Cape May Counties. In Salem these are valuable and productive soils,
noted for their enduring fertility ;—and elsewhere they will yet be im-
proved and become valuable. They are also repositories of vast stores of
fertilizing materials for improving the upland-

Analyses.
1 2 3 - 4

Biliea.... . ..... e 63.50 63.70 50.65 62.55
Almmina .........0. ..., L, 1858 11.6% 13.00 12,15
Peroxide of iron.................. 5.05 5.16 4,27 4.90
Lime............... P 0.34 0.58 0.53 1.64
Magnesia ........... ...l 0.90 0.08 0.97 R
Potash.............coena..l. .. 1.48 1.17 1.40 1.23
SBoda ........ e reiiieaas P 1.14 0.80 0.89 0.98
Chlorine............coveuviinunnn, 0.12 0.19 .20 0.19
Sulphurie seid.............. e 0.30 2.11 0.29 0.99
Phosphoric acid.................. 0.64 cens cees e
Organic matter and water......... 1025  13.05  23.03  16.12
Hygroscopic moisture........ ve-v. R.86 cens 5.70

400.12  100.85 100.99 100.85
No. 1, in the above table, is known as grey mud, and was obtained from
the meadow of Thomas Shourds, at Hancock’s Bridge, Salem County ;
No. 2 is a grey mud from the banked meadow at Finn’s Point, Salem
County ; No. 3 is a black mud from near the surface, and from the same .

. locality as No. 2. The fourth column is an analysis of marsh mud from
the farm of Jonathan Ingham, along Stow Creck in Salem County.

Analyses of Marsh Muds, Cape May County.

1 2 3
Solublesilica................... e 25.01 15.69 E 66.50
Insoluble silica (sand)........... .... 25.94 48.38 '
Protoxide of iron................ ... 6.83 2.92 5.44
Alumina. . ....... ... ..., .. 1433 9.40 8.00
Lime ............e.. e e 0.86 2.17 0.67
Magnesia ...................0s. e 191 1.66 0.53
Potash............ . ... oell. 1,57 2.38 2.08
Sulphuric acid............... ... veen 2,47 150 1.47
Phogphoric acid........ ......... . 034 0.33 trace,
Carbonie acid....................... 0.55 . 0.84 - cees
Common salt........... ............ 1.39 2.00 0.54
Organic matter.... ... ....... ..... 8.62 6.27} 14.60

Water ........... e iireeeas vee waeas 8.01 5.36
) 99718 100.11 99.81

Ammonia in 100 parts................ 0.59 0.81

1 was taken from the surface of the marsh opposite South Dennisville,
and is entirely composed of the deposit of one winter.
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2 was taken from the bank of a creek in Richard C. Holmes’ meadow,
near Cape May Court-house.

3 was sent by Charles Ludlam, of Dennisville, and was taken from the
bank of Dennis Creck. ‘

The following Analyses of Subsoils, Earths, aud Rocks, have also been
made.—The latter as well as the subsoils disintegrate inore or less quickly
and form soils, and in many cages themselves immediately underlie the
soil, being really the subsoil. Only a few of these are here given. For g
knowledge of . other rocks, the reader is referred to the analyses given in
the Detailed Geology of the report. The analyses of gneiss may be found
on pages 68—69; the limestones in the chapter succeeding this; the slate
analyses on page 136 ; and the trap-rocks on pages 215-218,

Analysis of Shale one mile southawcst of Walpack Centre, Sussex County.

Silicaeeniinennnnn. . b tmeberer e 75.00
Alumina ..... et eet e meaeiareaierieeaeee s 14,48
Protoxide of iron .., ..... ... it iiiinina i S A fi]
Lime ... i eiiiis il e mee e e 2.10
Magnesia .... .. s PP | X:
Alkalies .. viiiii it et crrre e 1.90
Phosphoric acid......oocisiiivien inii et 0.38 ,
Carbonic acid.... . e ereeaane e U 0.40
B ) 1.03
99,92

This belongs to the Oriskany sandstone, and forms a narrow band on the
ridge between the Kittatinny Mountain and the Delaware River. It
readily disintegrates and forms a soil. '

The subsoils from the Magnesian limestone, of which several analyses are
here presented, are worthy of being placed among the fertilizers. They
are so rich in phosphoric acid and alkalies, that they might be used to
enrich the soil, and they show why the magnesian limestone district has
always been rich and productive. It has in its soil enough of phosphoric
acid and potash to supply a thousand crops of wheat.

Analyses of Subsoils in the Magnesian Limestone.

1 2 3
Siliea ... oiiviiiiiie, Veeves . 618 70.7 53.4
CAlUMING L L e e i { 218 8.5 25.1
Peroxide of iron. .. ....vviivrieniruinens ’ % 19.0, 6.6
TAme seeivenvnriiane crriinanreanaans e 0.8 0.7
Magnesit..eeie voiriininiiinarencanas 2. 0.4 0.4
7 1 4.6 3.4 2.0
Sodb. ..y r.. hma eaaeciaiiaiaaa e 1.8 1.6 0.9
Phosphoricacid... ..oovvivaiiiiiinn, 0.6 11 0.8
Water ..... fehent neeeeaenas i veenanes 6.8 4,2 107

100.0 100.7 100.6
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1 is a gellowish carth overlying the limestone at Moore & Cutler’s
quarry, at Newton ; 2 is a reddish subsoil from D. Shields’ farm, about
one mile south of Hackettstown 3is a decp red earth from the railroad
cut at Washington, Warren County

The following analysis of an altered Magnesian limestone from the rail-
road cut northwest of Changewater, in the Musconetecong Valley, presents
some curious features :

. Bilicic acid and quartz ............ Ceneereae ey 68.10
Peroxide of fron........coviveaiieiiiiniiniiienn, 3.80
Alumina................ reeesn - B, 16.31
Lime . .oviees ciiiiin s et er e aeeaan 0.62
Magmesia .....cooooiiiiiiiiii L s e 1.45
Potash-............. . 4.82
BodB cen i e cree e P 4.01
Phosphoric acid..........cociiiiiiiiiniin, ... 0,19
B 1.80

100.13

This is a limestone only in structure and form, having lost its caleareous
matter and received in turn a large amount of alumina, alkalies and phos-
phoric acid. The large percentage of potash and soda is suggestive of
several interesting inquiries.

An analysis of the Red Shale of the Triassic Formation, as found at
New Brunswick, gave the following result :

Bilicic acid and quartz...........oiiininiiann.,. 73.00
Peroxide of fron. . ... ..t ieviiereriiriiiiiiiinnans 10.00
Alumina ... ... il Ce eren s 3.20
Lime..oovivnniniinnnn, e ereee et e, on 4.93
Magnesio . . ...oiuevriniiiniis ierae e, 0.90
Potash . ............... i ereecite serenras cereeaes 078
Boda........ et e areae e et et i en ey 0.9
Bulphuric acid. ... ovuvie et rr i e 