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ADMINISTRATIVE REPORT.

—_—————

The work of the Geological Survey has been carried forward on the
same general lines of investigation as in 1896, and the organization
has been practically the same as it waa last year, The surface forma-
tions have been studied by Prof. R. D. Salisbury and the mapping
has been about completed. Dr. H. B. Kiimmel has continued the
survey of the Red Sandstone belt—the rocks of the Newark System—
and has finished the work in that belt. Mor. C. C. Vermeule has been
in charge of the topographic work and has prepared a supplemental
report on the Hackensack and Newark meadows, The artesian well
records have been continued by Mr. Lewis Woolman, In co-opera-
tion with the United Btates Geological Survey, Dr, J. E, Wolff has
gpent some time in further surveys of the crystalline schists in the
vicinity of Franklin Furnace, and Prof. Wm. B. Clark has con-
tributed a report on the Upper Cretaceous Formations. The forest
surveys are in charge of Mr. Gifford Pinchot, coneulting botanist
and forester. Mr. Irving 8. Upson remains in charge of the work
of distribution of topographic maps.

SURFACE GEOLOGY.,

The survey of the formations which make the surface of the country
constitutes the field of investigation of the division of the Geological
Survey which has been termed Division of Surface Geology. The
work has been done under the direction of Prof. Rollin D, Salisbury,
and has been in progress since 1891. It has been carried forward
steadily and the whole State has been traversed in the prosecution of
the survey. Professor Salisbury was in the field from the 1st of
April to July, and gave a large part of the time to the southern part
of the State. He has been assisted by G. N. Knapp, who was in the
field to the end of November. The boundaries of the various forma-

(xiii)
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tions have been traced and the data necessary to making an accurate
map of these formations, on a scale of one mile to an inch, collected,
and a large mass of material has been gathered for publication in
form of reports on the Surface Geology.

The report of progress here given is a description of the surface
formations as mapped on a scale of fifteen miles to an inch. The
difficulties in making such a map are not so apparent at the first
glance a8 when revealed by closer scrutiny, Without any character-
istiec fossils some of these sands, clays and gravels have no certain
marks of identification, and in the southeastern part of the State it is
almost impossible to be altogether sure of one’s determinations. In
other cases, as in the southwestern part of the State, there is apparently
little to distinguish the Pensauken from the Bridgeton formations.
The difference between the decomposed rock or residuary earth but
little removed from the parent rock and drifted materials, is in some
cases perplexing. Again, the mixture of the materials by erosion
and subsequent shifting on the surface further adds to the complex
conditions of the problem.

The location of the boundaries of the formations is in places doubt-
ful, and the shading of one into another or the thin surface layer
makes it almost impracticable to draw lines between formations thus
overlapping or intermingled. In spite of these difficulties the results
are such a3 to enable the Survey to prepare maps of these surface
formations in detail, greater than has been done elsewhere in the
country, and far more accurate than the maps of the underlying or
rock formations. New Jersay is the first State to make so detailed
and elaborate a survey of the whole of its surface formations.

The map accompanying the report shows the extent of the forma-
tions of the surface and their general distribution. It is not on a
large acale to justify its use in the field in tracing out all the irregu-
larities of outline or locating every outcrop. In fact, it is historical
rather than geographical, as it shows the areas of the formations at
succesaive epochs from the Triassic period to the most recent. The
older formations at the surface are grouped as pre-Triassic. One of the
latest formations has been appropriately named from Cape May
county, whose peninsula is all of this epoch, excepting the beaches or
sand dunes and the tidal-marsh accumulations of mud, both of which
are in progress,

The report is devoted to a description of the map, and is also a
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clear and concise history of the State since the beginning of the
Triassic period or from the end of what is known as the Palxozoic
era. The changes which have taken place in the limits of the State
are indicated by the map and described in the report. It is heped
that the general reader will find in it a most interesting chapter of
geological history, not going back so far as to be shrouded in diffi-
culties and doubts, but descriptive of the middle and later geological
time and down to the most recent.

The publication of the maps of the surface formations on the acale of
the topographic sheets is to begin as soon as they are gotten ready with
the descriptive text, which will be issued in the form of one or two
volumes of the “ Final Report” series. The base to be used is that of
the topographic sheets. It has been delayed a long time, but the
delay has enabled the Survey to give more care to the questions of
form of publication and the technical details in representation of the
various surface features, It will also afford time for further investi-
gation of economic questions, 8o that with the scientific details there
may be practical data given, bearing upon the soils and their origin,
the beds of clays, sands and gravels whose materiala are of value
in the arts, and other materials of importance, The value of an
accurate knowledge of the surface beds in their relation to these eco-
nomie products, to water-supply, to forest reservations and to the com-
plex problem of climate, and to the conditions of life generally, will
justify the delay and will make the final report of value in the fur-
ther development of the State.

The new series of maps which is proposed is in sheets of smaller
size than that of the atlas of New Jersey, but having the same base.
They will join and not overlap as do the latter.

The map accompanying the report is from the establishment of
Julius Bien & Co., New York.

RED SBANDSTONE—TRIASSIC-—NEWARK SYSTEM OF ROCKS.

Th survey of the Red Sandstone Formation, or Newark System
of Rocks, a3 now known, which was began in 1895, has been carried
forward and the whole belt from the Delaware river to the New
York line has been traversed. The report for this year covers the
whole territory, although not of the character of a final report or
monograph.
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Dr. Henry B. Kiimmel, who has been in charge of this division
of the survey work, was in the field from June 26th to September
16th, The preparation of the report occupied a part of his time
after the field season ended. The work of the ceason was mainly in
the northern part of the belt, and in Union, Essex, Hudson, Bergen,
Passaic and Morris counties. '‘Compared with last year, the results
have been comparatively meagre, on account of the extensive sheet
of glacial drift, which covers and conceals the rocks, particularly in
the valley of the Upper Passaic. The accurate differentiation of
the horizons or subdivisions of the belt is not possible in this drift-
covered part of the belt, as it is southwest of the terminal moraine,
The division at the southwest, as made out last year, was a threefold
one, and was shown on the map accompanying the report for that
year. As traced to the northeast, changes have been discovered in
the rocks of these subdivisions or series, The black argillites and
flags of the Lockatong horizon disappear and the shales of the
Brunswick series become sandstones and conglomerates. The three
subdivisions so clearly marked on the Delaware river are not recog-
nized in the northeastern part of the State. The Stockton horizon,
however, is seen at the base of the Palisades range and at some points
on its northwest slope. The characteristic arkose or coarse-grained
feldspathic sandstone is recognized at many ontcrops.

The survey of the year has shown the intrusive origin of some of
the trap-rock sheets and the extrusive origin of others, so that the
several ranges and outcrops of trap-rock can be classified accordingly
85 they have been formed by lava-flows cutting across the beds of
shale and sandstone or have moved over and between them.

Many observations on the nature of the rocks at the contact of the
trap and the sandstones and shales have been made and have been
incorporated in this report. The alterations in the rocks in color,
texture and hardness are in many places remarkable, and apparent to
the casual observer, They have the aspect of well-burned clays or
bricks in some cases ; in others, they are dark-colored and hard, with
a metallic ring when struck with a hammer. Some characteristic
examples of alteration or metamorphism are to be seen along the base
of the Palisades. They are also seen on the Sourland mountain on
both sides of the trap-rock sheet. The contact phenomena in the
Watchung mountains do not indicate such alteration, and the un-
altered shales are found underlying the trap-rock and also overlying
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it. Mr. Kiimmel has devoted a large part of the report to the con-
tact phenomena and the observations connected with them, and to the
origin and age of the trap-rock sheets.

Some interesting additional information on the dislocations of the
bada or faulting of the strata is given, particularly in the Palisades
range, and the large number of faults ohserved in the trap-rock is
saggestive of the query as to the extent to which the shales and sand-
stones have been faulted, and the further question of the total thick-
ness of the formation. The illustrations of sections at Arlington
and in Garrett rock, at Paterson, are instructive and helpful to the
general reader, though not determinative as to the extent to which
the beds of the belt may have been faulted.

SSome recently-bored wells on the trap-rock ridges have afforded
measures of the trap sheets, and their records have been discussed by
the author in generalizations on the the thickness of these sheets,
They are somewhat thicker than they have been heretofore thought
to be, and the evidence appears to be conclusive. The Palisades sheet
is shown to be 364 to 950 feet thick; First, or Orange mountain
trap sheet, 580 to 675 feet; Second mountain, 840 to 990 feet; the
Long hill and Hook mouatain sheets, 300 to 400 feet.

One of the most interesting chapters to the general reader is that
on *The Conditions of Formation.” The discovery of foot-tracks in
the shales at the Hook mountain quarry,at Milford and also at Tumble
Station, has arrested the attention of all students of geology in our
country as well as that of the people generally, and has stimulated
the inquiry as to the conditions at the time when these shales and
sandstones were deposited. The fish remains and the thin seams of
bituminous coal also have attracted attention to this subject. The
famous so-called “bird tracks” of the Connecticut valley, which are
found in the formations of the same geological age, have aroused a
general interest in these rocks and in the question of their origin, far
beyond our State. Prof. Henry D, Rogers discussed the origin of the
red sandstone formation in his final report, in 1840.* He gives the
source of the material as at the southeast. The late Professor Cook,
State Geologist, in the “ Geology of New Jersey,” described in some
detail the various features of the formations and referred the origin
of the materials of the lower beds of the southeast border to the

*Fin. Rep., Description of the Geology of New Jersey, Philadelphia, 1840, pp.

166-171.
B
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crystalline schistose rocks known to occur on the sontheast of the belt.
The conglomerates on the northwest border were said to have been
formed from the limestones, quarizites and crystaline rocks of the
Highlands. He referred to the evidence of shallow water at the time
when these deposits were made.* The sun-cracks, ripple-marks, rain-
drops and footprints, eo common snd on successive layers or beds,
show that they were once mud or soft earth, capable of receiving such
impressions—probably the exposed mud flats of a sound or estuary,
or the broad strand of a more open body of water on which the tides
ebbed and flowed. The estuary or sound must have had streams
fl )wing into it, and they are indicated by the conglomerates and the
amount of other material derived from the crystalline rocks of the
adjacent formations. Shallow-water conditions appear to have pre-
vailed throughout the whole of the time of this deposition, and a sub-
sidence must have been in progress to make such conditions. The
uplifting, folding and faulting are shown by the beds as they now
appear and as they are known to have been in the later geological
periods of time. The studies of Prof. William M, Davis, of Harvard
University, are highly suggestive in relation to this history, and Mr.
Kiimmel has referred to them in this chapter on “ The Conditions of
Formation,” The observations in the State, made by Prof. I. C.
Russell, of Michigan University, and by N. H. Darton, of the United
States Geological Survey, and Mr. F. L. Nason, formerly of the
Geological Survey of the State, are referred to by several foot-notes
giving the publications containing descriptions of these formations.

The importance of the ecomomic resources is shown by the
large number of quarries both of sandstone and of trap-rock. The
Newark, Belleville and Little Falls stone on the eastern side of the
State has long been famous for its excellence as building material.
Other quarries of large size are at Paterson and Martinsville. The
full list is given in the report. Oua the Delaware there are extensive
quarries at Wilburtha and Stockton. The beds are practically in-
exhaustible and capable of great development.

The use of trap-rock and its excellence as road material are note-
worthy here, because there are so many outcrops of the trap, and they
are 80 situated that the material can be carried by rail or by water to
all parts of the State and to the adjacent large cities, The location
of the trap ridges and the lines of railway and of canal are shown on

*Cited, pp 332-338.
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the two local maps accompanying the report. The growth of the
business of quarrying rock for road-building in the State is remark-
able, but it does not appear to have reached its full development,
The supply of excellent trap-rock is inexhaustible.

Copper-mining is referred to in a few sentences, as the industry is
dead.

The report is commended to all who wish to learn of the geology
of the belt of Red Sandstone or Newark System, because it describes
in some degree of detail the outcrops and the phenomena characteristic
and common in this belt, It is the local geology applicable to Union,
Essex and Hudson and to nearly all of S8omerset, Hunterdon and
Bergen and to large parts of Mercer, Middlesex, Morris and Passaic
-counties,

ABCHZEAN GEOLOGY,

The work in the study of the crystalline schistose rocks of the
Highlands is done by the United States Geological Survey, and is in
<harge of Dr. J, E. Wolff, of Harvard University. His report for
the year is here presented.

Report on Archsean Geology.

BY J. E, WOLFVF,

The work in this department during 1897 consisted principally in
the preparation of the Franklin Furnace folio of the geological atlas
of the United Btates and in the classification and study of the material
and observations accumulated during several years of work in the
field. The mining developments at Franklin Furnace have also been
closely followed in connection with the folio, and the mines revisited
in Beptember. The stripping of the surface and subsequent sinking,
to remove the entire mass of ore and rock between the east and west
veins, at the Buckwheat mine, promise interesting exposures.

An examination was also made of the openings of the Federal
Hill mica mine, near Bloomingdale, Passaic county, and a report
made to the Btate Geologist,

An extended historical and descriptive paper, embodying our own
observations on the age of the white limestones of Sussex county,
was prepared with Alfred H. Brooks for the Eighteenth Annual
Report of the Director of the United States Geological Survey.
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CRETACEQUS FORMATIONB.

The Cretaceous and Tertiary formations of the State have been
the subject of investigation by the Geological Survey, in co-operation
with the United States Geological Sarvey, since 1891. Prof, Wil-
liam B. Clark, of Johns Hopkins University, has had entire charge
of the survey, and, aided by several field assistants in the different
years, has accumulated a large amount of valuable and interesting
material. No financial help was given to the work during the last
year, but Professor Clark has presented for publication in this annual
report a summary of his studies and field observations in the Upper
Cretaceous or Greensand marl formations, both in New Jersey and in
the extension of the marls in Delaware and Maryland. His sum-
mary forms Part IIL of this Report. The introduction gives an
interesting account of the numerous publications descriptive of the
formations and the fossil forms of life in them, showing a long series
of papers from the visit of Peter Kalm, in 1749, to the present. It
is a chapter of history suggestive of the great attention which these
greensand marls and their rich remains of life-forms have drawn to
them.

The several formations are described in their geheral character of
materials, stratigraphic relations and fossils. The interpretation of
the geological record shown by the nature of the materials is given
and their probable marine condition of origin is stated as a result of
the stndies.

The correlation of the New Jersey beds with the formations in the
eastern Gulf States shows some common occurrences of fossils:
throughout, indicative of a continental sea border in which these
beds were laid down, and in comparatively deep and still waters
where but little land sediment could resch the sea bottom or floor.

The economic products are referred to with a short historical note
on the use of the greensand marls, A concise summary of all the
leading generalizations is given at the end, The general reader or
student will find in this report a remarkably condensed description of
all that is known of our greensand marls.

The decreasing use of greensand marl in some parts of the State
may appear to lessen the interest in these marl beds, but their remark-
able extent in the State and their wealth of fossil forms of life
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must continue to attract all earnest inquirers and students of geology
and many others who do not give special attention to the natural
sciences, The report is a readable one to all these classes,

ARTESIAN AND OTHER BORED WELLS,

The records of deep-bored wells for the year are given in Part IV,
of this year’s report. Mr. Lewis Woolman has continued to collect
all data relating to the depth, strata penetrated, water-bearing horizons
and volume of water, and the report for 1897 is an important addi-
tion to the large mass of valuable material already in hand and
published since 1889 in the successive annual reports of the Geological

Burvey. The importance of getting accurate details of the strata and

the depth of the water horizons is recognized by the business firms
engaged in boring wells and by all who are seeking for additional
supplies of water. The Survey appreciates the courtesy and labors

of these firms who so kindly give information about wells put down

by them, and the data thus obtained is published as promptly as
possible, that it may be helpful in stimulating the extension of the

artesian-well system and in developing the resources of the State.

Among the important contributions for the year may be mentioned
the well records from Matthews Brothers, of Red Bank. The wells
reported on Rumson Neck and along the Navesink river and at Sea-
bright all appear to have struck thick sand beds in the Matawan or

Clay-marls division of the Cretaceous formation. The deep well at

Brookdale farm, west of Red Bank and near Leedsville, also is
remarkable for the great thickness of the Clay marls or Matawan
member of the greensand marls.

The well on Mount Laurel also is noteworthy, in the discovery of
a fossil bed at 150 to 160 feet, containing many shells like those found
in the Reeve clay bank at Lenola, The species have been determined
by Mr. C, W, Johnson, of the Wagner Institute, Philadelphia,

Another remarkable discovery in boring wells is that at Daretown,
where the order of succession in the beds indicates the presence of the

several members of the “ Upper Marl Bed ” of the Survey reports or

the Mansasquan and Shark river formations of Professor Clark, The
locality is about twenty miles southwest of Clementon, where the
most southwestern outcrops occur. The discovery is important, both

a8 showing the extension of the bed to the southwest and the value of
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careful well records, with specimens of the materials from the beds
passed through in boring.

The same well also confirms the survey of outcrops, in the absence:
of the Red sand bed (Red Bank bed of Professor Clark).

The extension of the system to the supply of a city, as Camden
water-supply, by means of ninety-eight wells, is also worthy of note.
The result of putting so many wells within a comparatively limited
area is anticipated with interest, as it is suggestive of application to
other localities where the conditions are favorable. The wells at.
Union, in the glacial drift formation, for the Elizabeth city water-
supply, is another example of numerous wells in close proximity te
one another, Continuous pumping from so many in small areas must
tend to some interference, unless the subterranean supply be extraor-
dinarily large, draining from a large outside territory, or the volume
pumped be not greatly in excess of the volume of ground water of the:
area affected by the wells. The total rainfall upon any given area
and the percentage of that precipitation which goes down into the
sub-surface formations are easily computed, and there is no other source
unless there is a draught from the adjacent formations or the strata of
the country adjacent thereto, That wells do drain the subterranean
waters from distant areas is well known from cobservations of artesian
wells in this State as well as in other States and countries, How far
they may affect the water-supply of adjacent districts is not easy to-
determine nor the extent of this effect., The deep-bored well will, in
its rapid extension and multiplication, meet with the objection of rob-
bing the waters which belong to others, and the question of rights of’
ownership will have to be met. The diversion of underground waters
may becoms as important as that of surface waters. Thus far in New'
Jersey tbe large supply of deep-lying waters and the comparatively
long distances between wells has made it unnecessary to refer to the
gubject. The number of water horizons in any given district or area.
is as yet unknown, or, rather, is limited to the depth of the wells,
Until the limit of boring is reached the number cannot be known.
It is possible, therefore, to draw from one or more horizons, as is
done at Atlantic City. In this way the capacity of the artesian well
gystem may be enlarged and made to serve the needs of localities for
many years, As has been eaid in previous reports, there can be
almost as many wells as there are localities, but there may be a limit-
in any one locality or ares.

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. xxiii

TOPOGRAPHIC WORK.

Mr. C. C. Vermeule, consulting engineer, has had charge of the
topographic surveys and has been assisted by P. D. Staats in the
field. A detailed survey of a small area at Hamburgh, Sussex
county, was made in the early part of the season. This survey of a
remarkable group of drift hills is to be used by Professor Salisbury
in a report on the Surface Formations of the State.

The necessity for a revision of the topographic maps of the Survey,
particularly in the more densely populated parts of the State, where
many new streets are being opened and new avenues and roads are
being laid out, as well as new lines of steam and electric railways,
has been referred to in the annual reports in order to maintain the
usefulness and value of these maps. The publication of the topo-
graphic maps dates as far back as 1887 in the case of several sheets,
and the revision made for new editions has been confined to railway
lines only. Re-surveys are, therefore, essential to new editions of
maps of value, and the increasing use of topographic maps demands
that the new editions shall include the data furnished by new sur-
veys. The publication of maps on a larger scale has been considered
as desirable wherever the density of population makes good maps
helpful in laying out streets, roads, railway lines, equeducts, sewers
and other public improvements, In order to a fair experiment
to ascertain the cost of making a survey in detail of a small area and
the value of a map based on a survey of this kind, work was
begun late in the autumn, in the vicinity of Newark and Belleville,
and was continued up to the end of the season. The streets and
roads were measured as also the fence and hedge-lines, and all the
larger structures. Although not a cadastral survey, it embraces all
the more important features of the surface and the contour lines
within five-feet limit. Maps based on surveys made in such detail
become valuable records of the culture of a district and are of his-
torical value. Our appreciation of them may be greater if we refer
to the old maps of New York City and their importance as historical
records. The cost of making surveys with this detail is large and the
rate of progress slow. The necessity for them is limited to the
suburban distriets around the cities, and the extension to the rural
parts of the State is not wanted. The data accumulated in this field
work will be useful in the revision of sheet No. 7 of the topographic
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maps. The large cost may make it desirable to change the plan and
omit some of the details, in order to carry forward the work and pre-
pare the maps needed in our city and suburban districts. A new
series of maps of this kind would supplement the present topographic
sheets,

DRAINAGE.

The Geological Survey is authorized by law to make surveys and
plans for the drainage of tracts “subject to overflow from freshets, or
which are in a low, marshy, boggy or wet condition,” whenever
application is received from at least five owners of separate lots of
land in any tract which it is proposed to have drained. Under the
genersl drainage laws, as amended by supplementary acts, these pro-
visions of the law are applicable to tide-marshes also.

The Passaic drainage work has been referred to in the annual
reports of the Geological Survey, and some of the advantages have
been mentioned in thece general statements. It is not necessary to
repeat them nor to urge the importance of completing the proposed
drainage improvements as soon as possible. Malarial influences have
been as bad as ever before experienced, and the floods in the valley
have destroyed a large amount of property. The aggregate loss of
1897 to the farmers of the valley, caused by these floods over the
growing crops has been eaid to be nearly equal to the estimated cost
of finishing the drainage works, From the geological standpoint the
restoration of the old Lake Passaic in part would be better than this
irregular alternation of a shallow-pond water condition and a wet
meadow land giving off foul odors and malarial exhalations. The
present ill-drained valley is not evidence of the best environment for
healthful home sites and is a menace to the adjacent country. The
aricultural development of the valley demands the improvement.

Mr. George W. Howell, one of the commissioners of drainage, has
prepared a short history of the work and a statement of what remains
to be done. He gives the reasons for the suspension continued
through the year. His report is appended to this administrative part
of the report.
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RECLAMATION OF THE HACKENSACK AND NEWARK MEADOWS,

Mr. Vermeule has prepared a supplemental report on the reclama-
tion of the tidal marshes and wet meadows of the Hackensack River
valley and those bordering the Kill von Kull, between Newark and
Elizabeth, In the last annual report of the Geological Burvey the
subject was discussed in detail in the description of the geographical
and hydrographic relations, The several natural divisions were
described and a map on a scale of two inches to a mile, showing the
water-ways and rivers and the depth of water in them, and also the
nature and depth of the mud and peaty earth throughout the belt of
marsh land, accompanied the report. The map is not reprinted, as
eopies of the last annual report are still in stock and are supplied on
demand. The readers of this second report of Mr, Vermeule are
referred to that map for illustration of its descriptions.

The reclamation of these marshes and the removal of conditions
which threaten to become unsanitary and possibly dangerous to the
healthfulness of this part of the State, lead to a repetition of the
statements on the practicability and importance of their drainage.
Looking at this map, it is possible to conceive of a bay oceupying the
place of these tidal marshes, and bordered by the bold shores of the
northern and eastern sides, and these chores covered by cities and
towns and suburban hamlets, and the whole rivaling in beauty and
commercial accessibilty the Greater New York, across the Hudson
river. The conception may be regarded as fanciful, and yet it is
scarcely more striking a picture than is warranted by the changes
which would appear were this tract diked, drained and improved,
With Bayonne, Jersey City and Hoboken on the east; Hackensack
on the north and Englewood not far away; on the west, Newark,
Harrison, Kearny and Arlington, and Passaic not a wmile distant,
and Elizabeth at the southwest; there is almost a continuous city
about this tract,

The remarkable water-way of the Hackensack river, with its great
depth of water from near its mouth to Little Ferry and prolonged
northeast in the Overpeck creek, is suggestive of a magnificent, deep
canalized river, such as parts of the Waal and of the Rhine in Hol-
land. With a deepened way through the Newark bay the navigable
water-ways of the Hackensack and the Passaic would go far toward
the realization of our New Jersey city not on a bay but on highways
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for ocean-sailing vessels. The careful study of the map shows alsor
the course of the Hackensack midway the tract and the tributaries so-
necessary for the natural drainage of each side.

The great cities of the world are in large part on level, marshy land.
Chicago, Berlin and London, in part, have covered many square miles-
of flat ground, needing careful attention to drainage and sewerage.
All the large cities of Holland are on piles driven in the wet lands
below high-water level. The meadows are not therefore an insuper-
able objection to city advance over them, The famous Back Bay
district of Boston is a wet border of the Charles river improved. It
may be said that there is ample room on the adjacent hills, but they
are further from railway and tide-water lines, and the elevation
requires 8o much more power to carry materials to and from them,
For extensive manufacturing sites these more accessible level tracts
will be preferred and will come into use. The ultimate development
will probably be a city covering a large part of this tract, assuming:
the continued and steady growth of this part of the State and country.
It is, however, not probable that this stage of growth can be expected'
in a long time, but the future possibilities should be considered in any
discussion of plans for improvement. It would be short-sighted to-
overlook them and simply drain these wet lands for market-gardening:
or for pasture lands, although so well adapted for these uses whenr
properly improved. The cost of their improvement, as stated by Mr.
Vermeule, would amount to $2,500,000, and the annual charges
would be $7.75 per acre, making a first cost of $100 per acre in-
round numbers. No doubt the interior draine and the necessary
ditches for any use in agricuiture would add 850 per acre to the
cost, making a total of §150 an acre, and an annual tax of $7.76
would be equivalent to $150 additional. Large as this sum appears,
it is not greater than the value of some of the lands of Hudson county
not naturally so fertile, which are devoted to market-gardening. Some
of the famous wet lands on the New York and Erie railroad line near
Goshen, in Orange county, New York, yield an annual rental equal to-
this valuation.

The neglect, as it were, to drain and improve these meadows might:
appear invidious in a comparison with what has been done in the
Netherlands in reclaiming waste lands, or even in the Nieman delta
of East Prussia, Germany, where 44,500 acres have recently been pro-
tected by great dikes at a cost of $510,000, were it not known that
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capital here has so many other attractive outlets that drainage schemes
are overlooked, The difficulty has been that the meadows have been
locked upon as agricultural in great part, and the more important and
" ultimate use as a city site has not been considered as within the limit
of practical possibility, It is to this more valuable use that attention
is again urged to their reclamation.

More important than agricultural or even urban considerations are
the sanitary advantages which must issue from the diking and proper
drainage of the meadows and the adjacent, bordering upland. The
growth of these cities and towns requires some systematic treatment
of both the natural drainage and the sewerage from this upland to
and through the water-ways of the meadows, either to the Passaic and
Hackensack rivers or the more distant sound or bay. Without some
system of draining the land and caring for the sewage, these meadows
must become the receptacle of the polluted waters from these borders
and the conditions unsanitary, with slow-moving, stagnant water-ways,
loaded with the refuse of manufacturing establishments and the more
dangerous sewage from the border as well as that of the population
on them. Conditions so disagreeable and dangerous will require
ultimate treatment, and the betterment may be only at great cost and
with difficulty, if not to some degree impossible in the end. There-
fore, as a protective measure to the health and comfort of the residents
of the cities and towns adjacent, the reclamation needs to be directed
according to some comprehensive plan which shall include the several
subdivisions as parts more or less closely related, and shall embrace a
systematic drainage scheme for all the waters flowing naturally to the
meadows and the rainfall on them, and channels for the proper trans-
portation of all the sewage which may have to be disposed of through
such outlets to the bay or sound.

The improvements of the water-ways in their entirety is not essen-
tial to the removal of the dangers arising from sewage-choked
streams, pools of polluted water and pestilential dumps on the
borders. The diking of the tidal water-ways and the digging of
border lines of drains and their proper laterals and the construction
of pumping-works to drain off the surface waters and maintain a
proper flow of the waters in these canals and water-ways will put
away the dangers of this kind and leave the surface in a condition to
be improved either for agricultural uses or for building sites.

The necessity of a comprehensive plan of drainage and of control

NEW JERSEY GEOLOGICAL SURVEY



xxviii ANNUAL REPORT OF

in the management is mentioned by Mr, Vermeule, and is enforced
by the references to the costly and disastrous schemes in the Sacra-
mento Valley of California, where individual and associated enter-
prise has attempted the reclamation of parts instead of a whole
district of marsh land. Millions of dollars have been spent and the
abandonment of diked meadows has discouraged and retarded the
reclamation generally. The lack of any well-matured plan, and the
improvement of separate tracts regardless of the natural relations of
adjacent tracts and water-ways, must lead to waste of eapital and con-
tention, owing to the different conditions and the various objects in
view when the direction and management are in the hands of separate
companies,

The existing drainage laws of the State would be adequate for the
diking and partisl improvement, but the large cost of pumping
works, and of the discharge of the water from the diked districts,
and the necessity for a permanent management, appear to make some
amendments to these laws necessary to carry out the work. The dis-
tribution of the cost over a larger territory and permanent control
are imperative. Whatever plans may be adopted, and whatever
changes in legislation may be made, the importance of reclaiming
the whole of the Hackensack tidal-lands belt and the improvement
of the navigable water-ways should be kept prominent in making
them, Mr. Vermeule has suggested a State commission to direct and
maintain the reclamation work. The same objects can scarcely be
accomplished by any private associated effort, even if aided by legis-
lation, particnlarly in the future control of the improvements. A
great deal, however, might be done in the improvement of the lands
and in the utilization of the more valuable sites for building purposes
and the various business enterprises which might use them. The
larger and more comprehensive objects would probably be neglected,
particularly those bearing upon the sanitary conditions of the distriet.
The function of the State is to direct in conditions of this nature
where municipal and associated capital cannot control without inter-
ference and consequent inactivity. The Geological 8urvey has given
the information illustrated by a map, and has suggested the impor-
tance and necessity of State direction. The attention of capitalists
has been directed again to the subject, but with the necessary limita-
tion of public direction and management in the interests of all
the northeastern part of the State,
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FOREST SBURVEYS.

The surveys and studies of the forests in the southern part of the
State have been in the charge of Mr. Gifford Pinchot, consulting
botanist to the Survey. He has had two assistants for a part of the
season. His investigations have been in the rate of growth of the
more common trees of the forests in various parts of the ‘ pines”
belt and on different soils in that belt. The capabilities of the sev-
eral kinds of soil in the production of wood have been ascertained
from the rate of growth and also from actual measurements and sta-
tistics of wood cut on given areas, The comparative yield of tracts
protected from the ravages of fires and of lands where fires have
swept over the country makes a most suggestive mass of statistics and
an argument for protection of a practical nature, 8o much of an
extremely general character has been written on forest fires and pro-
tection against them that these figures of Mr. Pinchot are refreshing
as well as forceful in suggestion. They show that the so-called
“ pines” belt is able to produce a yearly income of considerable
amount and emphasize the importance of protection from an economi-
cal standpoint.

Mr. Pinchot has elaborated 2 protective scheme under State direc-
tion which aims at the solution of the problem by fighting fires at the
outset and stopping them at once. Some system of the kind appears
to be necessary to meet the requirements of vigilant watehfulness and
care in arresting fires before they have gotten a headway, and in
bringing to punishment the offenders who, through carelessness or
possibly malice, start them. The gnaranty of adequate protection is
demanded in order to encourage any individual enterprise in caring
for woodland and in making wood a crop. This protection is a matter
of public care, either local by the township or county or by the State,
The details of such regulations are, properly, subjects of legislative
consideration and enactment in making laws to meet the requirements
of the conditions.

The report on forestry is in course of preparation and is to be given
to the Legislature next year. The want of scientific data on the dis-
tribution of trees in the State and the relation to the geological forma-
tions led to the further engagement of Prof. Arthur Hollick, of
Columbia University, to continue studies of the distribution of the
tree species and to trace the history of migratione and discover the
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causes which have been active in restricting their limits, as well as
the effects of changes in the land and sea within the later geological
epochs, The disappearance of some species from certain districts and
the strange outlines of territory marked by the occurrence of others
are & part of the studies which have been undertaken by him., The
geological divisions of the Btate, in particular the more recent forma-
tions, have been carefully mapped, enabling the Survey to make this
study of the range of species in relation to the geology eminently
practicable.
Professor Hollick’s report is here inserted :

Report of Progress on the Relation Between Geology and
Forestry.

BY ARTHUR HOLLICK.

During the past season the investigation begun last year was con-
tinued along the general lines indicated in my previous report, besides
which several points of special interest received attention,

Several writers have at different times incidentally noted and com-
mented upon the fact that certain species, constituting more or less
well-defined floral aggregates, occupied certain areas or belts, quite
sharply coterminous with certain geological formations, but special
investigations with this fact in view have been rare. The scope of
my inquiry, especially as relating to the State of New Jersey, may
therefore be considered as covering a new field of observation.

With this end in view my investigations were conducted on the
theory that the most important and striking changes in the character
of the vegetation in New Jersey, independent of climatic conditions,
ought to be found in crossing over the outerops of the different geo-
logical formations, or, in other words, in traveling along lines at right
angles to the lines of strike of such outcrops.

In this respect the Btate of New Jersey is particularly well fitted,
as it represents, in & comparatively limited area, a number off different
geological formations whose outcrops extend in a series of narrow
belts across the State in a general northeast and southwest direction,
besides which a large portion of the northern part is covered to a
greater or less extent with a mantle of glacial drift.

Tt is also fortunate, for the purposes of this investigation, that the
outerops do not follow the lines of latitude, as it might then be con-
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dended that the distance north or south of such lines, in other words
dhe climatic conditions and not the geologic conditions, were the canse
-of limitation of certain species,

The more the matter was studied, however, the more evident the
fact became that certain species in their geographic limits followed
lines which were closely coincident with the lines of strike of the
;geologic formations and were independent of the lines of latitude,
and this fact was still further emphasized if the lines of limitation
were extended beyond the State,

The general method of field-work pursued was therefore to start
from some locality where the geologic formation was well represented
:and thence to travel in a direction which would cross the cutcrop of
«<ach succeeding formation, noting the appearance or disappearance of
.any species on the way.

The following sections were thus completed, mostly on foot, but
«wccasionally by horse and wagon :

1. Lakewood to Eatontown, via Farmingdale, passing from Terti-
ary gravel to marl,

2. Farmingdale to South Amboy, via Red Bank and Matawan,
passing from Tertiary gravel and marl across Cretaceous marl and
<lay marl to clay.

3. South Amboy to Metuchen, via Perth Amboy, passing from
Cretaceous clay to Triassic shale, and thence to the terminal moraine,

4. Band Hills (Monmouth Junction) to Farmingdale, via James-
burg and Freehold, passing from Triassic trap or shale, across Cre-
taceous clay, clay marl and marl, to Tertiary marl and gravel.

6. Easton to Belvidere, passing from Archsan and Silurian rocks
to the terminal moraine and extra-morsinic drift,

In addition to the above, the following localities of special interest
avere algo visited :

1. Morristown—Triassic shale, sandstone and trap, Archrean rocks
and terminal moraine, all in a limited area.

2. Trenton—Glacial river gravels,

3. Wildwood, Anglesea and Holly Beach—Recent sea beach and
sand dunes,

4. Bridgeton—Tertiary sandstone (Miocene?) containing fossil
leaves,
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5. Asbury Park—DBuried swamps exposed by the action of the
waves on the beach.

6. Newark meadows—Living bald cypress.

7. Cape May—Occurrence of Pinus Teda.

It was soon ascertained that the most significant facts were to be
found in connection with the more recent formations, and that the
changes noted on the older formations in the northern part of the
State were comparatively few and unimportant. The mechanical
character of the soil seemed to be the most important factor in limit-
ing the distribution of certain species, although other species seem to
exist and flourish under the most diverse of conditions, and to be
independent of soil, climatic and physiographic conditions.

Critical observations were therefore limited to a few well-defined
species which were clearly susceptible to the influence of their en-
vironment. Details in regard to such species will be given in my .
final report.

These investigations, while conducted primarily on account of
their scientific interest, will almost certeinly result in conclusions of
economic importance when the true significance of the facts is fully
understood, showing as they will, the areas over which certain species
attain their greatest natural growth and the probable reasons for it.

Finally, if the study of the fossil floras seems to warrant it, an
attempt will be made to trace the origin of the living flora from these,
and to infer from them the changes which have occurred, and are now
oceurring, which have served to modify and alter the floral elements
from early times up to the present,

THE IRON-MINING INDUSTRY,

Mr. George E. Jenkins, of Dover, has continued his work of col-
lecting notes on the iron mines which have been at work during the
year, and his report is given in Part VL of this Annual Report of the
Survey. The notes in last year’s report were published with a view
to their usefulness in answer to inquiry for iron ores, but the history
of miniog in the State, for 1897, shows that no such inquiry has
developed into any extension of the iron-mining industry, and that
there has been no extraordinary demand for ores. The mines which
were at work in 1896 have been actively worked and the output has
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Leen nearly the same as it was in that year. The continuance of
these mines as steady ore-producing points is evidence of their advan-
tages in nearness to the great markets of the coast and to the anthra-
cite coal region, as well as in the extent and accessibility of their ore
bodies and the richness of their ores. The increasing cost of mining
in some of the great iron-ore producing districts of the country which
now compete with the mines of the coastal belt, and the ever-increas-
ing consumption of iron, must tend to make conditions not less favor-
able than at present, and enable the mines of New Jersey to continue
ag ore producers. If it were possible for the ore-concentrating plants
to become producers on a large scale, the great deposits of lean ores
in this Highlands iron-ore district would help largely in making the
total production of the State again what it was a decade sgo. Indi-
rectly, by the utilization of side products and through adventitious
conditions, they may yet become important factors in the iron-mining
industry. It is to be hoped that the energy and capital put in them
may yet result in successful issue. _

The total output of the iron mines, according to the reports received
through the collection of notes by Mr. Jenkins, amounted, in 1897,
to 257,235 gross tons of iron ore.

CLAYS AND CLAY-USING INDUSTRIES.

The rapid development of some branches of manufacture using
clays and clayey materials and the large increas: in the common
brick or red brick business suggested the importance of collecting
such data as would indicate this development and growth, and in
pursuance of this object, Mr. George E. Jenkins was engaged to visit
the several brick and tile and terra-cotta works and collest notes
on the deposits worked, the extent of works, the number of men
employed and the amount and value of the output. In the traverse
of the State, Mr. Jenkins obtained much important information.
His notes appear in Part VL of this Report. The list of brickyards
and other works using clay is as nearly complete for the counties
traversed as was possible to make it. Important help was had from
“A. List of Producers of Brick, Pottery and Other Clay Products in
New Jersey,” furnished the Survey by the editor of “The Mineral
Industry,” New York. The statistics collected show an extension
of these industries in the southern part of the State and to some ex-

tent in the northern part,
¢
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The Middlesex connty clay district was visited by Prof. William
8. Myers, of Rutgers College, as also the adjacent parts of Monmouth
and Union counties. The list of Professor Myers iz given without
notes. The statistical part is incorporated in the SBummary under the
head of Mineral Btatistics. From the reports by districts it is evi-
dent that the Middlesex county or the Raritan river and Woodbridge
clay district is not producing as much fire-clay and clays for ware
and paper as it did fifteen and twenty years ago, although the decrease
in production has not been at all important or suggestive of a decline
in the business generally. ,

The most notable change is in the utilization of the non-refractory
clays in the maoufacture of vitrified brick, pressed brick and terra-
cotta, and tiles for decorative use as well as roofing-tiles and other
wares of clay.

The large increase in the production of the brickyards is also
notable, and the output of nearly 300,000,000 of common brick
shows the importance to the State of this industry. The superior
quality of the brick which are made for front copstruction and for
interior use and for ornamental decoration also deserves particular
reference in this general notice. The use of shale at the Pittsburgh
terra-cotta works, at Washington, Warren county, iz one of the im-
portant departures from the use of clay in the terra-cotta and
structural brick manufacture in the State.

In the southern part of the Btate the large works at Winslow con-
stitute an important feature in this development. The works at Clay-
ville, near Vineland, and at Mays Landing also may be mentioned.

That there are other large deposits of clay in the southern part of
the State, yet undeveloped, is well known. The clays of the Miocene
formation referred to in previous reports, extending from the ocean
southwest to Delaware bay, crop out at many points and some of them
are near tide-water and railway lines.

These lists of brickyards and other clay-using works and these
notea of Mr. Jenkins are given as preliminary to a survey of the clay
beds and deposits and a report on them and their use in the arts and
industries of the country. It iz hoped that they may elicit such
criticism and suggestion as may tend to help the work of making an
exhaustive report within the next two years.

v
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CHEMICAL WORK,

The chemical work of the Survey has been done by Prof. William
8. Myers, at Rutgers College. He has examined several fine sands
with reference to their value as filtration material for city water;
made aseays of pyrites from near Boonton ; partial analyses of earth,
supposed to be umber; nickeliferous earths from West Portal ; rocks
from mica mine near Pompton, and quartz from Trenton.

As the Survey has no laboratory, no complete chemical analyces
are made, but such partial determinations only, as may indicate the
value of natnral products for uses in the arts,

GEQLCGICAL ROOMS,

The Geological Collections of the Burvey remain in the third-story
room of the rear extension building of the Btate House, The min-
erals which were at the World’s Columbian Exposition are to be
arranged in table cases in this room, and Mr. W, F. Ferrier, formerly
on the staff of the Geological Burvey, now Mineralogist to the Geo-
logical SBurvey of Canada, has been engaged to arrange the mineral-
ogical collections and to secure additional specimens to fill gaps in the
representalion of minerals from the State. His experience in museum
technique, and his acquaintance with localities of occurrence in New
Jersey, and his thorough knowledge of the subject, make the engage-
ment one promising the best results. The scanty collections and the
inferior character of many of the specimens belonging to the State, as
compared with the many beautiful New Jersey minerals in private
and in other public collections, suggest the enlargement of the Burvey
collections and a better representation of the mineral localities of the
State.

PUBLICATIONS.

The publication of the year was the Annual Report for 1896.

Of the Final Report Series, Volume IV. is in press and nearly all
printed, This report on the physical geography of the State is the
work of Professor R. D. Salisbury, and is adapted to the use of the
stadents in the high schools and academies and colleges of the State,
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The relief map which is to accompany it is printed, and a few copies
are distributed in advance of the text. The map is designed to fill
a place in every school-house in the State. It is a graphic picture of
the relief of the surface, and shows the shape of the country, with
its hills, mountains, table-lands, valleys and plains, and the courses
of the streams draining these forms of the land surface. The dis-
tribution of the map among the public schools of the State is desired
in order to its largest usefulness to the people. The appendix con~
sists of valuable tables of elevation, geographical position, areas and
msagnetic declination, reprinted from Volume I, of this series of
reports, revised and prepared for publication by Mr. Vermeunle. The
edition of Volume I. is exhausted, so that the new volume will fill
the place of that one and save the cost of reprinting.

The demand for the publications of the Survey continues to be as
active as ever, and some of the editions of earlier reports are nearing
exhaustion,

The sales of the topographic maps amounted to $400 for the year.
The maps are sold at twenty-five cents a sheet.

BETAFF OF THE SURVEY.

Pror. RoLuiN D, BALIBBURY is in charge of the survey of the
Burface Formations. He is assisted by G. N. KNaPP.

HEeNRY BarNARD KUMMEL, of Lewis Institute, Chicago, has con-
tinued the surveys of the Red Sandstone or the rocks of the Newark
Bystem.

CornEL1s C. VERMEULE, Consulting Engineer and Topographer,
hag directed the topographic work and made the report on Hacken-
sack meadows. PETER D. SBTAATS is assistant.

In co-operation with the United States Geological Survey, Dr. J.
E. WoLFF has continued the studies on the crystalline rocks of the
Highlands,

IrviNg 8TROXRG UPrsoN, at New Brunswick, has charge of the
gales of the maps and is the disbursing officer of the Survey.

HatrieLD Burra is general assistant in the office and geological
rooms, Trenton.
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PABSAIC RIVER DRAINAGE.

BY GEQRGE W, HOWELL.

An act to provide for the drainage of lands was passed by the New
Jersey Legislature and approved March 8th, 1871, The act provides
that the Board of Managers of the Geological Survey, on application
of owners of lands subject to overflow, may examine such lands and
canse surveys to be made, and shall devise 8 plan or system of drain-
age for the same, and report such surveys and plans to the Supreme
Court of the State, The court, after due notice and hearing, shall
then appoint three Commissioners whose duty it shall be to carry out
such system of drainage as devised by the Board of Managers and
approved by the court,

After the completion of the work the Commissioners are to assess
the cost of the same upon the lands and proceed to make collections.

In case lands are taken for the improvement, or water-power dam-
aged or destroyed, the Commiesioners are to appraise such damages
and add the eame to the cost of the work to be assessed on the lands
embraced in the scheme.

To enable the Commissioners to carry on the work they are author-
ized to borrow money on bonds issued by them and to pledge for the
repayment of such bonds the assessments before mentioned.

A supplement, passed in 1877, permitted the Board of Managers to
alter or amend the system of drainage,

The Board of Mansgers adopted & system of drainage devised by
the late Dr, Geo. H, Cook, State Geologist, and reported the same to
the SBupreme Court. The plan was approved and three Commission-
ers were appointed in 1873. The Commissioners had about closed
negotiations with & certain party who promised to take bonds at par
and advance the money to do the whole work and pay all damages,
but the great financial depression of that year suspended all
operations,

The scheme was revived in 1886. One Commissioner had died in
the interval and another had resigned on account of age and infirmity.
To fill these vacancies two new Commissioners were appointed in
March, 1886.

The new board organized on May 14th by appointing Caleb M.
Harrison, of Essex county, President ; George W. Howell, of Morris,
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Secretary, and Jacob H. Blauvelt, of Passaic, Treasurer. During
the summer and fall of 1886 the Commissioners held many sittings
to hear testimony in relation to the amount of damages sustained by
the Beattie Manufacturing Company, at Little Falls by the proposed
lowering of the dam of the said company seven feet, as contemplated
by the acheme adopted.

In December the Commissioners made appraisement of such dam-
ages in the sum of $55,000. From this award appeal was taken and
numerous sittings were held in hearing the appeal.

Pending the trial of the appeal a modified plan was proposed and
diecussed, and under the advice of the State Geologist and with the
approval of William E. Worthen, Consulting Engineer of the Com-
mission, was finally agreed to by the parties in interest, The new
plan was adopted by the Board of Managers and approved by the
Bupreme Court,

The principal departure from the original plan affects the work at
Little Falls only. The first plan involved the payment of damages
to the Beattie Company and the reduction of the dam at the expense
of the Commirsioners. By the modified plan no damages were to be
paid, the dam was to be reduced in height twenty inches and a gate-
way equivalent in capacity to a rectangular orifice twenty-five feet
wide and sixteen feet deep was to be constructed in the dam, to be
operated in times of freshet, and all at the expense of the mill-owners,
The Commissioners, however, were to provide a free flow below the
dam to make the gates effective.

Both plans contemplated the removal of two rock-reefs at Little
Falls, above the dam, a bar of earth and boulders at Two Bridges
and a cut-off channel at Pine Brook.

The Commissioners then proceeded to issue bonds and place them
on the market, Bids were solicited for the work, to be paid for part
in cash and part in bonds. Seven bids were received and the work
was let to Alfred B. Nelson, of New Brunswick, at fifty-five per cent.
cash and forty-five per cent. in bonds, Mr. Nelson began the work
in the summer of 1889.

Boon after the work began the Commissioners, as well as the entire
Btate, sustained the great loss occasioned by the death of Dr. Cook,
the State Geologist, whose brain had conceived and whose guiding
hand had thus far directed this among many other schemes for the
public benefit.
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In February, 1890, Mr. Nelson surrendered his contract and was
relieved from the further prosecution of the work. For several
months the work was carried on by the Commissioners, until in Sep-
tember, 1890, a contract was made with the Morris & Cumings
Dredging Company, of New York City, for the removal of the rock
below the dam at Little Falls. They commenced work in Qctober,
1890, and prosecuted it continnously till April, 1892, when their
contract was completed.

Further legislation was considered desirable. A bill was intro-
duced in the Legislature during the session of 1893, but it was
crowded out by the press of other business, It was passed, however,
at the next session, and in the summer of 1894 bids were solicited
and received for completing the work, These bida were, in the judg-
ment of the Commissioners, too high to warrant their favorable con-
sideration and they were consequently rejected. Since that time
nothing has been done further than arranging the terms of the final
settlement with the Morria & Cumings Dredging Company.

The territory embraced in the scheme of drainage extends along
the Passaic river and its tributaries for over twenty miles above Little
Falls and comprices over thirteen thousand acres. These lands are
gituated in the townships of Millburn, Livingston and Caldwell, in
Essex county; in Chatham, Hanover, Montville and Pequannock, in
Morris county ; and in Wayne and Little Falls, in Passaio county.

The work already done has cost as follows :

By Alfred B. Nelson ..ocvcccrieecrivicrnnnisiserees cossneieverane $4,304 59
By the Commissioners...ccceaccs cvrrveissciserierseereeimsnenans 2,882 12
By the Morris & Cumings Dredging €0 ......cccvuveerveennns 04,689 00

Total e ivrreierriiisiniiniiins rrcirrvere e e $101,875 71

The work remaining to be done consists of about 3,000 yards of
rock at Little Falls, blasted, but not removed from the bed of the
river; 6,000 yards of rock not yet disturbed; 30,000 yards of earth
and boulders at Two Bridges, and 50,000 yards of muck and clay
at Pine Brook. This will cost probably $50,000.

The Commissioners have from the first met with difficulty in plac-
ing their bonds, first from the nature of the bonds themselves, being
guaranteed only by the lands affected, and second, through the in-
imical influence of opponents to the scheme. Certain large expected

NEW JERSEY GEOLOGICAL SURVEY



xl THE STATE GEOLOGIST.

gales failed of accomplishment, it is believed, from this latter canse.
Third, owing to the stringency in the financial world, bonds of this
character could not be active when high-grade securities moved but
slowly.

Certain parties interested in the meadow lands have attempted to
revive the old plan of changing the course of the river from Pine
Brook to the Deepavaal, and have advocated the abandonment of the
scheme adopted. At the very beginning this plan was most carefully
considered by the Geological Survey and discarded by them. Later
examinations and calculations have only tended to confirm the wisdom
of their decision.

The unavoidable delays in the prosecution of the scheme are greatly
to be deplored, and it is the earnest wish of the Commissioners that
they may be able to complete the work, now more than two-thirds
finished, during the coming season.

It is a matter of congratulation that a revival of interest in the
scheme is manifested by the appointment of a committee of the land-
owners, whose purpose it is to aid the Commissioners in the placing
of bonds and in any other way possible for the successful carrying
out of a plan, which, when finished, will undoubtedly reclaim thou-
sands of acres of valuable land, and moreover will exert a salutary
influence on the sanitary condition of the territory in question and
also on the surrounding regions.
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SURFACE GEOLOGY.

Report of Progress, 1897,

ROLLIN D. SALISBURY.
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MAP OF THE SURFACE FORMATIONS.

The work of preparing a geological map of the surface formations
of New Jersey was undertaken by the Survey some years since.
Reports showing the progress of this work have been made from
year to year since 1891, and published in the annual reports of the
8iate Geologist. With the field season of 1897, the field work
necessary for the preparation of such a map was essentially com-
pleted. The whole area of the Btate has been studied with this end
ir view, and a very large body of facts gathered, The work has
oot been prosecuted with equal detail in all parts of the State. In
tracts which are thickly settled, that is, where the land is cleared and
utilized, there are frequent exposures resulting from the excavations
ircident to culture. In such regions the study of the surface is more
ensily prosecuted, both because of the exposures, and because the
absence of forests allows the surface to be more easily seen. At the
same time the value of the land in these tracts is such as to warrant
cureful work, and here it has been carried on in relatively great
detail. In forested regions, on the other hand, where the population
is sparse and excavations few, the returns for the time spent in inves-
tigation are so meagre, that, considering the relatively slight value
of the land, and the slight use that would be made of the data
gathered, it has not been thought wise to prosecute the work in the
seme detail. Ioven here, however, the surface has been studied with
sufficient care to gather essentially all the data now available con-
cerning the surface formations. The only way in which more
e:aborate results could be obtained would be by making an elaborate
series of excavations, and the results would hardly warrant the
andertaking,

In the prosecution of the study of the surface formations of the
State, some of the problems concerning the origin and relations of
the surface formations have been defined and settled in a satisfactory

(8)
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manner. For the solution of ether problems conmected with the
same formations, the available data have been found to be far less
gatisfactory, and all conclusions based upon them must be looked
upon as open to question, While they may be as mature as the
present data warrant, it is possible that fuller investigations in the
future may reveal facts and relations which are as yet undiscovered..
In the pine districts of the southern part of the State, for example,
extensive excavations might throw much additional light on the
problems which are there presented. While therefore some of the
problems connected with the surface geology of the State have been
worked out, others must for the present remsain open. Even in these
cases, however, it is believed that the problems have been recognized,
and that the lines along which their final solution must lie, have
been defined. This is often the most serious and important part of
an investigation,

The difficulties encountered in the study of the surface formations
are such a8 must always be found in this sort of work. They have
been found to be greatest in the southern part of the State, This is-
partly, but not wholly, the result of the lack of exposures. In addi-
tion, the surface formations are usually very thin, and made up
largely of unconsolidated sand and gravel, These materials are not
favorable for the preservation of fossils, even if they were once
present, so that this great aid in the correlation of formations cannot
be made use of. Again, most of the surface formations have been
largely derived from the older beds which immediately underlie
them, The underlying formation, after exposure to the action of
subserial agencies, was submerged beneath the sea, and the new for-
mation represents the deposits made during submergence. It consists
of the materials of the older formation, worked over, re-arranged, and
finally deposited on their parent formation. If a formation origina-
ting in this way be elevated above the sea, exposed to erosion and
again submerged, its surface parts might be again worked over by
the waves and deposited anew, constituting another and younger for-
mation. Such a formation, made up of the old materials deposited
anew, and in much the same place as before, may so closely resemble
the formation from which it was derived, as not to be readily dis-
tinguished from it. If this process be repeated a number of times,
the complication becomes great, and the differentiation of formations
having this origin cannot always be made on the basis of their con-
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stitution. This is exactly what has taken place in the Coastal plain
of New Jersey.

Again, over considerable areas, the surface formations have been
much eroded since the deposition of the last, and the shifting of
surface material incident to erosion has helped to complicate still
further a series which was already complex. Add to these considera-
tions the fact that in some parts of the State exposures are rare and
-data unavailable, and this in areas which are crucial, and some con-
-ception of the difficulties of differentiation may be gained.

The chief reliance for correlation has been on the basis of the
physical constitution of the several formations, and on their topo-
graphic relations, These two lines of evidence are often so related
to each other that their united weight is much more than twice as
great as that of either one, but sometimes one or the other is inappli-
cable. From the topographic relations and constitution of fragments
of formations now widely separated, community of origin may often
be inferred with a high degree of probability, and in many cases with
absolute certainty. This mode of correlation (homogeny) is not alto-
.gether new, and no elaim of priority in ite use is set up. The method
has been recognized by others at various times in the development
-of geological science, but especial emphasis has been laid upon it of
late years by McGee* in his study of the Coastal plain farther south.

The accompanying mapt shows the general distribution of the
surface formations of the State as now interpreted. The map is on
so small a scale that many details are necessarily omitted, but the
general relationships are made clear. To meet the requirements
imposed by statute on the Survey, the map is prepared before a com-
plete study of all the data gathered has been possible, and is subject
to alteration in the light of such study. It is meant to give an
approximate idea of the relations of the surface formations as they
are now interpreted, and in spite of the possible changes of interpre-
tation in the future, will not give an erroneous idea of the general
relationships,

The following pages are devoted to a brief description of this map,
the several areas being referred to in the order of their age, This is

*McGee, Am, Jour. Sci., 3 ear., vol. 40, 1890, pages 36--41.

1The detailed work on which this map is based has been targely done by Ges. N,
Knapp, for the Coastal plain, and by Dr. H. B. Kiimmel and Mr. Charles E. Peet,
for the area north of the terminal moraine of the lnst glacial epoch,
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not to be understood to mean that the area first deseribed is neces-
sarily the oldest part of the State, but rather that it is that part of
the State where the formations which now lie at the surface are oldest.
Generally speaking, the northern part of the State is older than the
southern, but the surface formation in the northernmost part is one
of the youngest within its borders. Possible departures from chrono-
logical order, even so far as the formations at the surface are con-~
cerned, are noted in their appropriate places.

THE PRE-TRIASSIC AREA,

That part of the State where the formations now existing at the
surface are oldest, is the area colored dark green (1), covering parts of
Hunterdon, Warren and Morris counties. This is the ares where the
older formations (Paleczoic and pre-Paleozoic) of the State have
either never been covered by younger beds, or where such overlying
beds 23 once existed, have been worn away by erosion. This does
not mean that the solid rocks of Paleozoic and pre-Paleozoic age
are bare within this area, but that these rock formations are covered,
if covered at all, only or chiefly by the soil which has resulted from
their decay, The question may perhaps be raised whether the
residuary soil of a region should be represented on a map showing
the surface geology. The underlying rock is close beneath, and
would be represented on a map showing the sub-surface forma-
tions. In answer to such question, should it be raised, it may be
said that these old formations and their residual products are at the
surface, and therefore should be represented on the surface map. The
alternative would be to leave the areas blank, On the map no dis-
tinction is made between the several formations of the great groups
included within this area.

In the decay of rock, many processes are at work, but the chief
among them is the abstraction of their soluble elements by the water
falling upon and percolating through them, The abstraction of the
goluble elements serves to break up the rock, and the insoluble parts
remain behind, constituting the mantle (goil and subsoil) which now
overlics the solid rock. Not all the insoluble residue which has
resulted from the surface decay of rock formations remains at the
surface, but only the excess of that which has been formed, over that
‘which has been carried away by erosion,
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Within the area under consideration, the process of decay has been
going on for a long period of time, a period which is, perhaps, to be
reckoned by millions of years. It is not to be inferred, however, that
any part of the mantle rock (soil and subsoil) now remaining in this
area is necessarily millions of years old. It is poseible that all pro-
ducts of decay in the distant past have been carried away by erosion,
and that all which now remain are the product of decay within
relatively recent times, On this point, however, it is impossible to
speak with certainty. It is quite within the range of possibilities
that the mantle rock, as such, within the area of very old formations,
is younger than the formations now exposed at other points within
the State. For example, it is quite possible that the Cretaceous for-
mation, which comes to the surface over a considerable area, was
deposited at a time much farther back in the past than that which
marks the origin of most of the residuary earths on the surface of
the area under consideration, While the residuary earths (or mantle
rock) of this area are being continually removed from the surface by
wind and water, they are being constantly renewed below by the
decay of the rock beneath them. In some places and at some times
the first process goes on more rapidly than the second; in other
places and at other times the reverse is the case. When the area .
under consideration is represented, therefore, as having the oldest
gurface formations, the adjective is to be understood to refer to rock
beds, not to the mantle rock arising from them.

It is probable that at least some parts of this area were once
covered by younger formations. It can hardly be doubted that the
Triassic beds once extended northwest of the line which now marks
the boundary of that formation, and that it has since been eroded
from such area, It is probable that another formation (the Beacon
Hill) now restricted to areas further south, once reached the borders
of this area at some points. It is certain that at least one still
younger formation (the extra-morainic drift), now largely carried
away by erosion, was somewhat generally spread over it. From the
fact that this drift has been so largely removed, it is clear that large
amounts of mantle rock arising from the decay of the underlyiog beds
may also bave been carried away during the same time,
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THE TRIASSIC AREA,

The area where the surface formation is next in age is that where
the Triassic beds come to the surface. This area lies immediately to
the southeast of the preceding, occupying parts of Hunterdon,
Mercer, Somerset and Middlesex counties, colored light green (2) on the
accompanying map. The area thus designated means that within it
the Triassic rock, or the residuary earths which have come from its
decay, lie at the surface. If*they are covered at all, it is so thinly
that the material derived from the Trias controls the soil and sub-
soil. The Triassic or Newark system is made up of various sorts of
beds, including both sedimentary and igneous rocks,* but the whole
are here grouped fogether.

This area differs from the preceding in two or three points which
are worthy of mention. In the first place, the basal formations are
considerably younger, and their exposure dates from a later time.
The mantle of residuary earth is on the whole thinner than that of
the preceding area, but this is not because of the lesser duration of
its exposure, so much as because the rock decays less readily, and
because the residuary earths arising from the decay are more easily
carried away. As in the preceding case, it is improbable that any of
the mantle rock now remaining within this area dates from the early
part of the exposure of the underlying formation. The remarks
made above concerning the age of the mantle rock of the pre-Triassic
formations, are equally applicable here.

Unlike the preceding area, the Triassic has been very largely
covered at some time by some of the later formations. Much of it
was covered by the Cretaceous beds or some portion of them, and
a still larger part by the Beacon Hill formation. In still later time,
considerable areas of the Trias were buried beneath the Pensauken
formation, and remnants of it are still seen (see map) at various
points within the general area here under consideration. Where
these younger formations have been essentially removed, traces of
their former existence, too inconsiderable to map, are frequently seen.
Except for remnants appearing on the map, the younger formations
once covering the Trias have been carried to the sea in subsequent
time by subsrial erosion. When they were carried away, the rela-

*See Report of Dr. Kiimmel, Part IT, of this volume.
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tions of land and sea were not what they now are, and some of the
sediment deposited in the sea at the time of its erosion from the land,
was deposited on areas which have subsequently become land.

Within this area, the soil is relatively thin, and rock exposures
may be seen along almost every valley and on nearly every slope
where the angle of inclination is considerable. Flat areas only are
covered with a mantle sufficiently thick to effectually conceal the
underlying strata, and this is true whether the underlying formation
is shale, sandstone, conglomerate or trap.

THE CRETACEOUS (AND EOCENE) AREA,

The third area is that where the Cretaceous beds, and small areas
of Eocene appear at the surface, or where they have so slight a
covering of later material that they, or the products of their decay,
control the character of the surface. It was with the deposition of
the Cretaceous beds that what may be called the modern geological
history of New Jersey began. The strata of the older formations lie
at various angles, and show that they have been much warped and
twisted in the dynamic movements to which the northern part of the
Btate has been subjected since their deposition; but the Cretaceous
beds still lie in an approximately horizontal position, and their rela-
tions to the preceding and succeeding formations are such as to show
that the central and southern parts of the State have not suffered
great dynamic movement, beyond mere uplift and subsidence, since
these beds were deposited. These as well a3 all succeeding beds have
a gentle dip in a general southeasterly direction. No attempt is
made on the map to distinguish between the various subdivisions
of the Cretaceous system,

1t will be seen from the map that the Cretaceous beds, colored yellow
green (3) on the map, come to the surface principally in a broad belt
running from Raritan bay southwest nearly to Salem, and occupy-
ing parts of Monmouth, Middlesex, Mercer, Burlington, Camden,
Gloucester and Salem counties, The northwestern part of this area
occupies the lowest belt which crosses the State from east to west,
Roughly speaking, the Cretaceous area is the lowest, outside the
Delaware valley, along the line of junction of these beds with the
Triassic. From the line of this junction the exposures of the Creta-
ceous attain a higher level to the southeast. They, therefore, occupy
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much of the low belt between the head of Raritan bay and Borden-
town, together with the slopes which rise above it to the southeast.

Within this belt, as the map shows, the Crefaceous beds are fre-
quently covered for large or emall areas by rempants of later for-
mations, and where the Cretaceous beds are exposed, it is because the
younger beds which once overlay them bave been carried away.
Even within the area here mapped as baving the Cretaceous beds at
the surface, traces of these later formations, too unimportant to map,
are sometimes seen, It is probable that no part of this formation
now exposed has been at the surface continuously since its depo-
sition. At least one of the younger formations (the Beacon Hill)
appears to have covered not only all of it, but, as already noted,
most of the Trizs as well. At a much later time, at least one (the
Pensauken) and perbaps two (the second being the Bridgeton) later
formations also covered much but not all of the area where the
Cretaceous beds are now exposed. The subsequent discovery of the
Cretaceons in the result of erosion, which has spared numerovs
remnants of these later formations, the larger ones being chown on
the map.

Southeast of the belt where the Cretaceous appears at the surface
it dips to the southeastward beneath later formations, and is con-
cealed by them.

THE MIOCENE AREA.

The Miocene formation appears at the surface in a belt lying
southeast of that where the Cretaceous beds are exposed, and rune:
from Monmouth county on the northeast, through Ocean, Burling-
ton, Camden, Gloucester, Salem and Cumberland counties. As will
be seen from the map, the belt where the Miocene appears at the sur-
face is moch wider in Monmouth, Ocean and Burlington counties,
than in those further south. This means that within these counties
it has been more widely uncovered by the removal of the younger
formations which once overlay it.

In preceding reports the question has been raised as to the separs-
tion of the Miocene from the Beacon Hill formation next succeeding.
Even now it is not certain that they should be separated. If not,
the Beacon Hill formation is to be looked upon as the youngest of the
Miocene beds, In any case it seems practicable to separate this
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youngest bed, which is generally gravel, from those of greater age,
even though all be Miocene.

The areas where the Miocene beds come te the surface are in part
areas of steep slopes. This is especially true in Camden, Gloucester,
8alem and Cumberland counties, where they appear on the slope of
the escarpment which marks the drop from the higher lands on the
east to the low lands bordering the Delaware, In Monmouth and
Burlington counties, where the formation is much more widely
exposed, it i3 by no means confined to steep slopes, but occupies con-
giderable divides as well. The Miocene sands also come to the sur-
face in some of the deeper valleys, as in the vicinity of Millville,
where the overlying formations have been cut away.

Like the Cretaceouns, the Miocene (exclusive of the Beacon Hill
formation) was once completely covered by later beds, and its present
exposure is the result of their removal. While the map shows the
area where it appears at the surface, it is not to be understood that
this is the limit of the formation, The northwest line of exposure
marks the limit of its northwestern extension at the present time,
though it once extended farther in this direction; but to the south-
east of the belt where it is exposed, it dips beneath the younger for-
mations which effectually conceal it, and extends out to and beyond
the borders of the State. This formation, like the preceding, but
unlike most of those which follow, contains fossils at many points.
While the position of the beds is not such as to show at any par-
ticular point that they are unconformable on the Cretaceous, their
stratigraphical relation to the variouns members of the Cretaceous
series shows them to be so,

At many points within the area marked Miocene on the map,
yellow (4) color, there are traces of some overlying formation which-
has been chiefly removed. In a few places, considerable patches of
the later beds still remain. 8uch patches are usnally found capping
considerable elevations.

THE BEACON HILL AREA,

The Beacon Hill formation is not known to be unconformable on
the Miocene, and may represent but the last phase of the deposition
of that period. On the other hand, it appears to have beern more
widespread than the earlier phases of the Miocene, as if at this time
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increased subsidence snbmerged considerable areas not covered by the
waters of the earlier Miocene seas.

The areas where the Beacon Hill formation is now exposed, or but
very thinly covered, are shown on the map, and in some cases, especi-
ally in Monmouth county, the areas are seen to be widely separated
from one another, This separation is primarily the result of erosion
which has carried away the formation from the areas which now
separate its remnants. The northwestern limit of the area where
these rempants occur by no means represents the northwestern limit
which the formation once attained, for it spread to the northwest
not only completely over the underlying Miocene, but over all the
Cretaceous beds as well, and over a large part of the Newark
{Triassic) system, perhaps even reaching the crystalline rocks them-
gelves at some points,

Along the northwestern border of the area where the Beacon Hill
formation outcrops, it constitutes the summits of the most consider-
able elevations of southern New Jersey., Thus it caps the Navesink
Highlands, the Mt. Pleasant hills, the Clarksburg-Perrineville hills,
ete. 'Within this belt, the elevations of the bases of adjacent patches
of the formations are harmonious with one another ; that is, if at one
point the base of the formation has an elevation of 300 feet, at other
adjacent points it has an elevation essentially the same, Carried
over broader atretches it may rise or decline. Not only are the
highest elevations of southern New Jersey capped with this formation,
but the formation helps to preserve them; for it consists largely of
loose gravel, which, being open and porus, allows the surface waters
to sink in readily, instead of running off over the surface. This is
one of the conditions under which hills suffer little reduction. In a
*few localities the gravel is cemented by iron oxide into a firm con-
glomerate, and this, being very resistant, gives permanence to the
tops of the hills. To the southeast the formation is much less largely
composed of gravel than to the northwest, In the former areas it
was further removed from the sources of gravel at the time of its
deposition. It here contains more sand, and even considerable beds
of clay.

Within the area here mapped as Beacon Hill, it is possible,
perhaps probable, that there is a somewhat widespread but thin
and discontinuous formation of later age. If so, it has not been
differentiated with certainty from the weathered products of the
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Beacon Hill formation itself, though at some points the differentia-
tion is not difficult. Its interpretation, even where it is distinct, is
open to question. It may perhaps be simply the alluvial product
which has been left on the surface in the course of stream erosion, a
process which always leaves more or less such material on the sur-
face, especially on a surface brought down to or toward a base-level,

Like all other formations from the Cretaceous on, the Beacon Hill
formation declines to the southeast, and passes under the later bedas,
Unlike the last two formations which have preceded, it was prob-
ably never completely covered by younger beds. This is true of
the high remnants in Monmouth county, and perhaps some areas
further south. Elsewhere it was probably completely covered by
younger beds, which in considerable part, have since been removed
by erosion.

THE BRIDGETON AREA,

The Bridgeton formation appears, as will be seen from the map,
in a series of isolated patches, sometimes large and sometimes small,
lying southeast of the belt of the Miocene outcrops, Its areas are in
general small in Ocean, Burlington and Atlantic counties, and
larger in Camden, Gloucester, Salem and Cumberland. The now
dissevered areas are parts of what was once a continuous formation,
and its dissection into remnants is the result of stream erosion.

The differentiation of the Bridgeton formation has been long in
mind, though data for its sharp definition have been wanting. Even
now they cannot be said to be altogether satisfactory. In some places
the formation seems not to be clearly separable from the Beacon
Hill formation which preceded, while in others it is not easily dis-
tinguished from the Pensauken which follows, In other places, on
the other hand, it is distinctly separable from the Pensanken, and
in still others from the Beacon Hill. The only question, therefore,
concerns the integrity of the formation as a whole, and the data at
hand do not demonstrate that that part of the formation which seems
to be closely allied to the Beacon Hill formation is not really a part
of that formation, and that that part which is with difficulty sepa-
rated from the Pensaunken, is not really Pensauken. On the other
hand, these two parts, the one of which seems to have affinities with
the Beacon Hill formation and the other with the Pensanken, seem
to belong together, The mapping here given is therefore that which
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seems to be best supported by the data now in hand. Were there
more numerous and more extensive exposures in the localities where
the relations of the formations are presumably best shown, more cer-
tain conclusions conld perhaps be reached.

The area where the Bridgeton beds might with some show of
reason be referred to the Beacon Hill formation lies west (northwest)
of the northeast-southwest divide running through the Coastal plain
of New Jersey; the area where it is with difficulty separated from
the Pensauken lies (east) southeast of this water shed. The former
area is chiefly west of the New Jersey Southern railway, the latter
east of it

In constitution the Bridgeton formation differs somewhat both
from the Pensauken and from the Beacon Hill, though the difference
is not always great. In general it is a gravel formation, though it
containg both sand and loam, and occasionally clay. In constitution
it may be said to vary within certain fixed limits, these limits being
the constitution of the Beacon Hill formation on the one hand, and
that of the Pensanken on the other. These relations are easily
explained where it was derived chiefly from the preceding formation,
and where the succeeding was derived chiefly from it, It is unlike
the Beacon Hill formation in containing bits of iron stone derived
from the Cretaceous, or from the Beacon Hill formation iteelf; it is
like it in containing much decayed chert which gives it the appear-
ance of great age. In general it may be said to contain any sort of
material which the Beacon Hill formation contains, and some which
it does not. It is therefore most clearly separated from the next
older formation by its constitution. But occasionally its constitation
closely approaches that of the Beacon Hill formation, and where its
topographic relations are at the same time indecisive, its differentia-
tion is uneertain.

From the Pensauken, on the other hand, it is most clearly sepa-
rated on topographic grounds, especially in the western part of the
State. Here the Bridgeton beds lie at a level distinctly above that
of the Pensauken beds, the latter being restricted to the low area
west of the.Miocene escarpment. The topographic relation of the
formations indicates a long interval of erosion between their deposi-
tion.*

This is the formation which on the whole has most resemblance to

*See Annual Revort for 1896, pages 11, 12,
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the Lafayette formatien further south. In earlier reports it was
believed to be one with the Pensauken. In that for 1896 its dis-
tinction from the Pensauken was affirmed, and its affinity with the
Beacon Hill suggested. Some idea of the former extent of the
Bridgeton beds may be gained if all existing remnants of it be con-
ceived to be extended until they merge into one another, bridging the
areas intervening between the existing remnants, It is believed that
the formation extended much less far north than that which preceded,
though the original limits are probably not determinable,

It is altogether possible that some of the areas mapped as Bridge-
ton, west of the New Jersey Southern railway, may prove to be
Beacon Hill instead, and that some of the areas east of that line may
prove to be Pensauken, The distinction in the latter area is based
almost wholly on topographic grounds.

THE PENSAUKEN AREA,

Unlike the preceding formations, the Pensauken, as will be seen
from the map, is found at the surface in two principal belts, instead
of one. Oane of these runs across the State in a northeast-sonthwest
direction from the head of Raritan bay nearly to Salem; the other
runs along the east side of the Btate from the vicinity of Asbury
Park to Bridgeton. The former belt is narrow and clearly defined,
and within it the formation occurs in a series of closely-associated
patches, some of which are large and some small ; the latter belt is
wider and less well defined, the patches of the formation being more
widely separated.

Aside from these two main belts, there are isolated remnants of the
formation lying farther north. North of the Raritan river there are
remnants in the vicinity of Somerville, Raritan, Metuchen, Piain-
field and Merchantville (near White House). It is possible that
there is a single remnant still farther north, but its correlation is
uncertain. 8outh of the Raritan there are also remnants near
Neshanic and Mililstone.

It will be scen that in the first of the preceding belts, the Pen-
sauken lies chiefly along the northeast border of the Cretaceous
beds, and to a lesser extent on the Brunswick shales of the Newark
system. Where it lies on the Cretaceous, it is where the surface of
the latter formation has but a slight altitude. Where it les on the
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Trias, it is likewise where that formation is low, namely, along its
southeastern portion, Thus it will be seen that the formation is
distributed along the central trough of the Btate already referred to
as running from Raritan bay to Bordentown, and thence southwest
along the Delaware to S8alem. North of the axis of this trough rises
the slope of the Trias, on which there are remnants of the Pen-
sauken ; south of it rises the slope made up of the higher beds of the
Cretaceous, on which likewise there are remnants of the same forma-
tion. In both directions from the axis, the Pensauken seems to be
limited by increasing altitude.

Within the low belt where the remnants of the Pensauken are
abundant, the formation usually caps the crests of such minor eleva-
tions as the slight relief of the region affords. It is found on the
Iow hills and ridges, and covers the broader areas where the surface
is flat, and distinctly above the valleys; that is, the areas which
have pot been dissected by erosion since the Pensauken beds were
deposited. This distribution of the Pensauken clearly points to the
fact that the formation was laid down before the present relief was
established, and the general absence of the formation along the lines
of the present valleys shows that it has there been cut out by erosion
since its deposition. An approxzimate idea of the original distribu-
tion of the formation along this belt may be obtained by conceiving
the whole area within which the remnants occur to have been unin-
terruptedly covered by it. The formation probably extended con-
giderably north of New Brunswick, covering the wide, low Triassic
plain south of First mountain. It did mot cover Rocky hill or
Bourland mountain, or any of the higher Triassic areas in that part
of the State. It probably extended a considerable distance north of
the Raritan in the eastern part of the State, but its original limits in
this direction are not now determinable. It also extended east over
parts of Staten and Long Islands.

In the vicinity of Trenton it appears never to have risen above
the levels which are now 130 feet above tide; in the vicinity of
Somerville its upper limit appears to have been nearly the 180 foot
contour, On the southeast side of the trough, its maximum altitude
is somewhat greater, showing greater uplift since its deposition.

As the map shows, the formation extended across the Delaware
into Pennsylvania, and has a wide distribution in the vicinity of
Philadelphia. It is well exposed about Germantown Junction, and
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constifutes what was known by Lewis as the  Red Gravel” of
Philadelphia.* Its upper limit southwest of Trenton, and in the
vicinity of Philadelphia, is at an elevation of 120 to 130 feet. The
formation was deposited beneath the water, and the foregoing figures
concerning its altitude simply indicate the height to which the shores
of the waters of the Pensauken period have since been brought in
this locality.

Along the southeast margin of the northwesterly belt of Pensau-
ken remnants the formation probably never extended much beyond
(southeast of) the outlying remnants as now seen, When the forma-
tion was deposited, there wag therefore a long island running through
southern New Jersey, from Monmouth county on the northeast,
nearly to the mouth of the Delaware west of Bridgeton. On the
eastern (southeastern) side of this island, the sea water seems to have
been shallow; but the sea extended in from the coast approximately
to the line of the New Jersey Southern railway. Over much of the
area east of this line, the formation has since been removed by
erosion. In all the area of its original distribution in this part of
the State, it probably covered the Bridgeton, or such part of it as
erosion had not removed before the deposition of the younger forma-
tion. It will be remembered that it is in this area, southeast of the
railroad indicated, that the Pensauken and Bridgeton are distin-
guishable only with difficulty, and that for this area the chief
criterion for discrimination is topographic. The remnants of the
formation which now exists were doubtless once continuous with one
another.

The Pensavken formation, as indicated by its constitution, was
probably contemporaneous with an early glacial epoch (Kansan or
Albertan).t The extent to which it has been removed by erosion
and the rather complete dissection of the areas where it has not been
completely carried away, tell more conclusively than description can,
of the amount of ercsion which has taken place since this early glacinl
epoch, and therefore of the length of time which has elapsed. It is
to be borne in mind in this connection that the areas where this
extensive erosion has taken place are not areas of great altitude, but
areas where the elevation is, for the most part, less than 150 feet,
and where, as a result, erosion cannot have been especially rapid,

% Proc. Acad. Nat. Sci. of Philadelphia, 1880,
1 Chamberlin, Journal of Geology, Vol. I1L, page 270.
2
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EXTRA-MORAINIC GLACIAL DRIFT AREA,

There are a few small areas of the extra-morainic glacial drift
which were perhaps contemporaneous in origin with the Pensauken
formation in the southern part.of the Btate. These remnants are
chiefly small, and like the remnants of other surface formations,
their present size and relations are the result of erosion subsequent
to the deposition of the more extensive formations of which they
give evidence. These areas are represented on the map by the browa
(8 and 9) color. The area ‘within which they occur lies south of the
moraine of the last glacial epoch, and north of a line running from
Raritan to Riegelsville on the Delaware. The nature and relations
of this drift have been discussed in earlier reports.* It is probable
that when the ice of this early epoch reached the vicinity of Somer-
ville and Raritan, it reached the shores of the Pensauken sea (or
sound),t and that its edge was limited by the water. Discharging
here, the ice and the drainage from it brought in the debris which
constitutes a considerable part of the Pensauken formation.

THE AREA OF THE LATE GLACIAL DRIFT,

The Pensauken formation and the old glacial drift had been long
subjected to erosion when the ice from the north, invading the
borceys of New Jersey for the last time, reached the limit marked by
ool ;ypumber 10 on the map, When the last ice sheet retreated, it
left over the area which it had covered a mantle of glacial drift  of
varfable thickness, ranging from zero to more than 100 feet. The
relations, characteristics and classification of this drift have been
the snbject of earlier reports, and will not be described in this place. §

Tte ares covered by the ice is covered in part by stratified drift
and in part by unstratified. The drift is disposed in various ways,
depending partly upon topography, and partly upon the relations
o ice to drainage during the final melting of the great glacier.

~ Anpusl Report of the State Geologist of N. J. for 1892, pages 60--72. lbid,,
1598, pages T8-104.

+ Physical Geography of New Jersey, page 129,

1 This corresponds to the glacial formation known as the * Wisconsin drift.”
Chamberlia, Journal of Geology, Vol. IIL., page 270.

% Anausl Reports of the State Geologist of N. J., from 1891 to 1894, especially
that for 1894,
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At the same time that the ice was doing its work in the north, the
streams flowing out from it made deposits of sand and gravel farther
south. These are indicated by color number 11 on the map.*

AREA OF THE CAPE MAY FORMATION,

Along the borders of the Coastal plain, from Raritan bay to the
mouth of the Delaware and up the Delaware as far as Trenton, there
is & low-lying belt of flat country, often somewhat terraciform,
having an elevation of 30 to 50 feet. The substructure of this
terrace is usually some one of the preceding formations, but it is
generally covered by a thin body of loam, sand and gravel of lesser
age than any of the preceding formations, except possibly the drift
of the last glacial epoch. Occasionally this young formation has a
considerable thickness, extending from the surface down to and even
below sea level,

The disposition of this formation seems to indicate that when it
was deposited, the Coastal plain (of New Jersey) was depressed
something like 35 to 45 or 50 feet below its present level, the amount
varying slightly in different localities. At the ssme time the drain-
age of the Coastal plain was sluggish, and deposits contemporaneous
with those along the shore were made by the streams in their valleys.
Starting with the debouchures of the streams, the alluvial deposits
extended up the valleys, sometimes well toward their sources, and to
elevations much above 60 feet. The disposition of this formation is
shown on the map, where it is represented by color number 12. Tt
will be seen that it makes a wide, though very irregular border
from Keyport to Ocean City, and from Trenton to the mouth of
Maurice river. Besides this, it not only covers the whole of Cape
May county, but within this county it makes up nearly all the mass
of the land which is above the sea. The strict contemporaneity of
this formation with the drift of the last glacial epoch is not estab-
lished, but it is probably at least partly contemporaneous with it,
though its later portions may be slightly younger. The approximate
contemporaneity of the two is inferred from their topographic rela-
tions, especially in the lower part of the Delaware valley, down which

*For description of this extro-morainic drift of last glacial age, see Annual Report
of the State Geologist of N, J. for 1892, pages 102-122,

NEW JERSEY GEOLOGICAL SURVEY



20 ANNUAL REPORT OF

glacial drainage coursed, making deposits which are topographically
continwous with those of this formation.

Since it has its best development in Cape May county, the name
of that county i an appropriate one for the formation, The name is
here used to cover those deposits of late glacial and early post-glacial
time, which were made beyond the region directly affected by the
ice or its drainage. It includes much of the loam which has hereto-
fore been referred to under the name of the “low level Jamesburg.”*

HIGH LEVEL LOAM (NOT MAPPED).

At many points at various high levels in different parts of the
State there is a loam, the origin and explanation of which have
oceasioned much study, bat for which no satisfactory explanation has
been found. Itis not confined to the Coastal plain, though it is
there most widespread. It occurs at various elevations up to 200-
feet and more, and from this altitude ranges down to the low-lying
formations which has just been described, Outside the Coastal plain
it lies on the Triassic shale at various points. In its clayey phases,.
it is used for brick clay. Thus the brick clay south of Pennington,.
50 feet or more above the upper limit of the Pensauken formation
represents it. Farther soutb, and at elightly lower levels, it over-
lies the Pensauken formation, covering it as a mantle three or four
feet in thickness, In the vicinity of Trenton Junction, the clay
loam mantle has been extensively used for brick, and it might be so
used at numerous other points, Loam in such similar positions and
relations as to lead to belief in its community of origin, is found up-
to the elevation of 181 feet in the vicinity of Marlton, 160 feet at
Fountain Green, and 200 feet or more in the vicinity of Cream Ridge.

Its physical character varies from point to point, but in the
southern part of the State it often contains a goodly amount of marl,.
even when the immediately underlying formation does not, seeming
to make it necessary to suppose that the marl formations were well
exposed when it was deposited. Furthermore its position is such-
as to show that it is younger than the body of the Pensauken forma-
tion, representing either its last phase or sometbing subsequent to it.
In the vicinity of Philadelphia, the brick clay overlying the Pen-

= Annual Report of the State Geologist of N. J. for 1894,
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sauken gravel and running to still higher levels, seems to connect
itself with the clay loam on the low river terraces which are correlated
with the youngest (Cape May) of the preceding formations. If the
connection of the high-level loam with that on the low terraces is
correct, the former, like the latter, must be much younger than the
Pensauken,

Farther north, between Raritan and Pluckamin, there is at some
points a surface clay which is highly caleareous. It is a deposit
from standing water and seems to have been connected with tha
glacial waters of the last ice epoch. Clays which may be supposed
to have a contemporaneous origin overlie the last glacial gravels and
gands at the Plainfield brick yards. These and other facts which
will not be here detailed have raised the strong suspicion that there
was a deep, but very brief submergence of the State to 8 much more
considerable extent than has been commonly recognized at, or soon
after, the close of the last glacial epoch.

The high-level loam here referred to is found at many points in
the Coastal plain. In general it is so discontinuous, 8o thin when
it is present, and often so indecisive in character, that it cannot
always, and perhaps not generally, be distinguished with certainty
from the weathered products of the formations which underlie it ; but
occasionally it is so distinet as to leave no doubt of its separateness.
This is true, for example, where the loam is marly, while the under-
lying beds are altogether free from marl; it is also true where it
overlies the red shale, and where its character is such that it cannot
be supposed to have originated from the decay of that formation,
This high-level loam is what was designated the  high level James-
burg loam ” in some of the earlier reports.

The formation is too meagre, too equivocal at most points, and the
borders of even its best developed areas too ill-defined, to render its
mapping practicable or profitable.

THE AREAS OF RECENT FORMATIONS., MABBHES, DUNES AND
BEACHES,

The youngest formations of the State which cover areas represented
on the map, are the marshes, beaches and dunes sbout the coast,
The tide marsh helt has a considerable width from Point Pleasant to
Cape May, and thence to Salem. The formation of the marshes,
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which is still in progress, consists of the fine sediment washed and
blown from the land, but chiefly of the remains of the vegetation
(peat) growing in the undrained aress. The peat has accumulated
until its depth is in many places considerable. The marshes are
being gradually filled up both by the sediment and the vegetation,
and unless the land be slowly sinking, they will ultimately be con-
verted into dry land.

Outside the tide marsh belt is the so-called beack, or series of
beaches. The northern extremity of these beaches is S8andy Hook.
This beach is esseniially continuous to Long Branch, but is wanting
from that point to Mount Pleasant. From Mount Pleasant it is
nearly continuous to Cape May, and has a much lesser development,
not shown on the map, on the bay side of the Cape. The beach and
dune sand are represented together on the map by the black lines (13).
The substructure for the beaches was made by waves and shore cur-
rents in very recent time; that is, they were originally beach ridges
in the proper sence of the term. 8o soon as the waves had piled up
the sand above the surface of the water, the wind commenced its work
upon it, and fashioned it in its own way. The continued activity
of the waves and currents has furnished new supplies of sand for the
wind to work upon, thus giving rise to the well-known dune hills
and ridges, rising many feet above the level of the beaches proper,
along the larger part of the coast,

Over other parts of the State there is much wind-blown sand, but
it is rarely aggregated in such considerable quantities as to constitute
dunes which can be shown on & map of the scale of that here used.
Dune sand is very prevalent in the vicinity of Old Bridge, especially
southeast of the railroad, and along the east side of the Delaware river,
especially below Trenton, where it has been blown up out of the
valley since the deposition of the last glacial and Cape May forma-
tions, Wind-blown sand is also to be found to the depth of a few
to several feet in scores, probably hundreds of places in the pine
foreats. In general, however, the areas of wind-blown sand are too
small for representation on the accompanying map.
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INTRODUCTION,

*

During the summer of 1897, the work on the Newark system was
carried forward as rapidly as possible, The time at the writer’s dis-
posal (June 25th to Beptember 15th) was sufficient to permit the
completion of the areal work in the northern part of the Newark
belt. The entire ares of Newark rocks in New Jersey has now been
examined in detail. The same general methods of work were
employed during this season as previously, i. e., all the roads, rail-
~ road cuts, quarries, and so many of the stream beds as was advisable,
were examined and the dip and strike of practically all outerops
were recorded. Descriptive written notes supplemented the graphic
notes wherever necessary.

The results obtained, however, have been meager compared with
those of the previous year. This has been due to two canses. The
second year’s work must naturally be but the continuation of the
earlier work, the carrying forward of the conclusions already reached.
But for another resson the area examined has been comparatively
barren of results, Almost the whole of it lies within the terminal
moraine, and over large areas the rock is so deeply buried beneath
glacial and lacustrine deposits that often the deepest wells do not
reach it, It was possible, therefore, to trace only in a very general
way the various belts of rock comprising the Newark system.

In the following pages I have incorporated much from my report
of 1896. It seems advisable to do this in view of the fact that many
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who receive this report, may not have the earlier report at hand, and
it is quite essential to have in mind the more important of last year’s
conclusions, To the advanced student of geology there may be
much unnecessary explanation and repetition, which, however, is not
out of place in a report meant for persons who are not specialists,

Although the whole area of the Newark system within New
Jersey has been carefully examined and the fieldwork completed, this
report is not intended to be final. Certain problems can best be dis-
cussed after a wider view of the formation than that afforded by the
limits of a single Btate. It is hoped that there may be opportunity
in the future for such broader study.

CHAPTER I.—THE SEDIMENTARY ROCKS.
AREA.

The Newark system of rocks extends across the northern part
of New Jersey, forming a belt varying in width from thirty-two
miles along the Delaware river, to fifteen miles at the New York
Btate line. On the Delaware it extends from Trenton to within two
miles of Riegelsville, and at the northern boundary of the State from
the Hudson river to Suffern, N. Y, and Remapo mountain, It lies
between the Piedmont Highlands on the northwest and the Coastal
plain on the southeast. Topographically it forms the Piedmont
plain. The northwestern boundary passes near Pattenburg, Jutland,
Clinton, Allerville, Lebanon, Apgar’s Corner, Pottersville, Peapack
and Bedminster, whence it extends in a nearly straight line to
Suffern, N. Y., passing near Bernardsville, Morristown, Boonton
and Pompton. Along this border the rocks are all much older than
the Newark sandstones, and for much of the distance rise abruptly
several hundred feet above the sandstone lowland. Faulting has
probably taken place along at least a part of this border.

The southeastern boundary is extremely irregular. From Trenton
to near Woodbridge, it is formed for the most part by the overlapping
clays and marls of the Cretaceous, or by still later gravel deposits.
From Woodbridge, northward, the waters of the Kill von Kull,
New York bay and the Hudson river generally limit it. That part
of this area lying southwest of a line drawn through Plainfield to
Peapack was discossed in the Annual Report for 1896. The area
to the northeast was examined daring the field season of 1897, It
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lies chiefly in the counties of Union, Morris, Eesex, Hudson, Bergen
and Passaic,

The Newark system comprises both sedimentary and igneous
rocks. The latter, commonly called trap, is much harder and more
resistant than most of the sedimentary rocks, and, therefore, the areas
underlain by it generally form hills and ridges considerably above
the general level. The relations of the trap and sedimentary rocks
have always been matters of interest to geologists, and much has been
written concerning them.

In my report for 1896, the sedimentary rocks of the Newark
series in western New Jersey were divided into three series. These
divisions were not based upon fossil evidence, but upon lithological
differences, which were so marked and so characteristic as to be
readily recognizable within limited areas. The characteristics of
each division were found to vary in different localities, and in some
places to lose their distinctiveness, but by constant examination it
was quite possible to note thess changes and take account of them,

S8TOCKTON SERIES.

Constitution,—The basal beds of the system are found at Trenton,
where they rest upon the older erystalline rocks—the Philadelphia-
Trenton gnoeiss belt. They consist of (a) coarse, more or lees dis-
integrated arkose conglomerates; (b) yellow micaceous, feldspathic
sandstone; (¢) brown-red sandstones, and (d) soft-red argillaceous
shales. These are interbedded and many times repeated. The charac-
teristic beds are the arkose conglomerates and sandstones, the latter
of which afford valoable building stones,

This series of beds is best shown in the quarries near Wilburtha,
five miles northwest of Trenton; in all the quarries near Stockton,
and along the base of the Palisades, from Weehawken northward,
the rapid alternation of beds from shales to freestones and to arkose
conglomerate is shown. Not infrequently a well-marked bed thins
out rapidly within the limits of a quarry, or even disappears entirely,
its place being taken by a layer of a different texture. In other
cases the bed, although retaining its identity as a distinct layer, yet
changes 8o in texture or color along its plane that it would not be
recognized as the same bed were it not visible continuously, The
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individual layers have the shape of very broad, thin lenses, which
overlap at their edges where they thin out.

The cross-bedded structure, often observed in the sandstones, the
ripple-marks, mud-cracks and impressions of raindrops found in
the shaly layers, all indicate that these beds were accumulated in
shallow water in close proximity to the shore, after the manmper of
seashore deposits of the present day. The direction and velocity of
the currents were constantly changing, thus permitting the deposi-
tion of fine sand or mud directly upon layers of gravel. At times
the mud flats were exposed to the air, and became dried and cracked
under the sun’s rays, or violent rainstorms beat down upon them,
leaving the impressions of the raindrops upon the sarface. With
the return of high water another layer of silt was depogited, and in
some cases at least the impressions were preserved. The bulk of the
material of which they are composed was derived from the erystalline
rocks on the south and southeast,

Distribution.—As shown by the map (Plate II) the Stockton series
occurs in four separate areas in the western part of the Newark belt.
This is due to the folding and faulting which the rocks have under-
gone. A brief statement of these various areas may be convenient
here.

Trenton- Wilburtha Area.—Along the Delaware river this area
extends from Trenton to a point three-fourths of a mile above
Wilbartha, Traced along their strike these beds extend northeast
through Ewingville, Lawrence and Princeton, their upper limit cross-
ing the college campus, The upper part of the series is well exposed
in the southernmost quarries along the canal southeast of Princeton,
Along the Princeton-Lawrenceville pike the uppermost beds are also
well shown on the long hill west of Stony brook. East of the Mill-
gtone river the strike soon carries all the beds of this series heneath
the Pensauken deposits and further east beneath the Cretaceous beds.
- Hopewell Area.—Near Hopewell the Stockton series form a narrow
belt, three-fourths of & mile in width, along the southeastern face of
the Sourland plateau, extending from Harbourton to a point near
Skillman, a distance of nearly ten miles. They form that part of the
platean which one sees from the railroad near Hopewell and north-
east, These beds are the upper members of the series, here brought
to the surface by a great fault which extends along the foot of the
escarpment,
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Stockton Area.—Owing to a second great fault the same beds again
appear at the surface seven miles to the northwest, This belt extends
along the Delaware from Brookville (a mile below Stockton) to a
little beyond Raven Rock, with 2 maximum width of three miles.
The area in New Jersey is roughly triangular in shape, the base
being on the Delaware, the upper limit extending along the crest of
the Hunterdon platean escarpment, and the lower limit following the
fanlt, which has & more northerly course than the strike of the beds.
The apex of the triangle is midway between Sand Brook village and
Flemington, at the point where the fault intersects the upper
boundary, The quarries near Btockton afford unexcelled opportu-
nitiea for studying the composition, texture and succession of the
beds. The rocks are chiefly free-splitting sandstones of various tints
of grey, yellow and red-brown, very similar to those at Wilburtha,
Beds of red shale and also conglomerate alternate with the sandstones.
In the bluff between Btockton and Brookville, thick beds of very
coarse conglomerate ooccur, the lower beds in this locality being much
more consolidated than those near Trenton. On the Pennsylvania
side of the river, opposite Brookville, the Stockton beds rest upon
Paleozoic limestones which have been brought to the surface in the
midst of the Newark beds by the same fault which we find in New
Jersey. Bat in our own Btate the amount of dislocation, or as it is
called, “the throw” of the fanlt, was not sufficient to bring to the
gurface the floor on which the Newark beds rest.

North of Flemington.—A mile and a quarter north of Flemington
the same beds are again brought to the surface by the fault, as a
resnlt of a gradual change of strike from N. 65 E. to N. and then to
N. 20 W. From the point of first appearance the beds extend north-
ward to the limits of the formation near Clinton, in a gradually
widening area, which attains a maximum breadth of three miles in
the latitude of Lansdowne.

Within this area a significant change in the texture and compo- -
gition of the beds was observed where they approach the northwestern
boundary. Near Flemington they consist of coarse arkose sandstones
and soft shales. Northward, nearer the boundary the typical arkose
beds diminish in number and thickness. Their place is taken by
beds of red shale, and sandstone and conglomerate of a different type.
The material from the neighboring formations (Paleozoic shales,
grits, limestones and quartzites, besides older gneiss) has entered
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largely into the composition of the overlying beds and determined
their character. In place of the free.splitting brown and grey sand-
stones, there occur coarser beds, made up largely of thin bits of
Hudson river shale and small quartzite pebbles. With increasing
coarseness of material, there are conglomerates of white, grey and
reddish quartzite, whereas pebbles of the typical Stockton con-
glomerate are chiefly quartz and feldspar. Although in this vieinity
the Stockton series rests in part upon limstones and gneiss, these two
rocks oecur but rarely in them,

Along the Hudson.—As was noted above, the strike of the Btock-
ton beds in the Trenton area carries them beneath the Pensanken
and Cretaceous formations a short distance east of the Millstone
river. The lowest beds exposed along the Raritan river below New
Brunswick are much higher in the series. But owing to a slight
change of strike the Stockton beds come to the surface again on both
gides of the Palisades from Hoboken northward., (Plate III.) They
are exposed in many places along the foot of the Palisades near the
water’s edge, and in a few localities where the glacial drift is thin, the
typical arkose sandstone has been found on the west side of the Pali-
sades. These rocks are correlated with those of the Trenton area for the
following reasons: Lithologically, they are almost exactly identical.
In both, there are coarse arkose sandstones locally conglomeratic; in
both, red shales and reddish-brown free-stones, and in both, these
layers are several times repeated. Second, both oceupy the same
position stratigraphically, Near Trenton they are found resting upon
the older crystalline rocks. In Jersey City wells bored near the
water front strike gneiss and schist. At Btevens Point, Hoboken,
the crystalline rocks outcrop, and, as is well known, they underlie
the whole of Manhattan Island, just across the river, A little over half
a mile back from the water front, in Jersey City and Hoboken, wells,
which penetrate the glacial drift, reach sandstone and shale, some
beds of the former being unmistakably coarse arkose. Third,
minnte crustaceans (Estheria ovata) have been found * in the shale
beds at Weehawken and Shady Side, and again in similar relations
in the quarries at Wilburtha, This, taken with the other evidence

* Nason. Annual Report of the State Geologist of New Jersey, 1888, pages 29--33,
1 am not able to give assent to all of the correlations proposed by Nason, :. ¢., the
beds at Washington's Crossing are, in my opinion, certainly not a repetition of those

of Wilburtha. g
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already given, is sufficient to establish beyond a reasonable doubt,
the stratigrapical identity of the beds along the Hudson with those
found in the area between Trenton, Wilburtha and Princeton. This
being the case, we have here the basal beds of the Newark system,
their contact with the older crystalline rocks being concealed, for the
most part, in the bed of the river.

In one respect these beds do not at first sight seem to belong to the
Stockton series. In the typical locality, black and dark green clates are
almost never present, but both above and below the Palisades, hard
greenish and black slates are found in considerable thickness. By
nearly all observers Lhese have been considered to be “ baked ” ghales,
their hardness and color being due to changes induced when the
trap was intruded in & molten condition between the shales. My
examination of these beds has shown me no reason for dissenting
from the commonly-accepted view, Both above and below the trap
the adjoining beds have been indurated and changed in color. The
finer beds have been the most affected, whereas the coarser arkose sand-
stone is but little changed. The latter, however, where very close to
the trap, has been somewhat metamorphosed, so that it resembles a
quartzite. Near the trap, and for a distance of 100 feet from it the shales
between the sandstones are black, with a greenish or purplish tinge, very
hard and brittle. In some cases secondary minerals, chiefly tourma-
line, have been developed. More often a more or less complete segre-
gation has occurred, forming ill-defined greenish nodnles and layers.
At greater distances from the trap, the shales are purple and pink,
having tints which resemble exaetly those often taken by kiln-burnt
stones. This resemblance is so strong that often the unskilled
observer of the neighborhood does not hesitate to call them “ baked ”
rocks. These changes caused by contact metamorphism will be con-
sidered more in detail later.

Localities,—From Hoboken northward, outcrops of the arkose sand-
stones and of the metamorphosed shale are common along the foot
of the Palisades. (Good exposures are found near the Hunter steps,
Paterson street, Hoboken; at the head of West Nineteenth street,
Weehawken ; at King’s Point, near the Delaware and Hudson railroad
coal pockets ; and thence northward, to the West Shore railroad tunnel.
At Guttenberg, beneath the cliff, there are frequeat exposures both
of the sandstone and of the black slate, particularly a short distance
south of Lane and Son’s quarry. At Bhady 8ide, also, there are
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fine exposures of the metamorphosed shale, in which Nason has
found numerous specimens of Estheria, At the eastern entrance
of the New York, Susquehanna and Western tunnel, between Shady
Bide and Edgewater, the same rocks are again well exposed, This
is also the case a mile and a half further north, near the power-house
of the Bérgen County Traction Company. Here there are thick
exposures of the arkose sandstone and shales which make a fine
display of the “ burnt” tints. As this locality is within a hundred
yards of the new Fort Lee and One hundred and Twenty-fifth street
ferry, it is easy of access from New York,

From this point northward, ontcrops along the water’s edge are
quite common, but generally not easy of access, since for much of the
distance north from Fort Lee, there is not even a foot-path beneath
the cliff. But at Sneden’s Landing, Alpine, Huyler’s Landing and
east of Englewood, roads zigzag down the cliff to the water’s edge,
and the zealous searcher can there find good exposures. As these
localities are all at least 200 feet below the trap, the highly-meta-
morphosed black slate is absent, but purplish and ashy ““burnt”
tints are not wanting, and often a hard scramble up the steep talus
slope, along the line of some little atream bed, will reveal the jaspery
slates or hornfels, and perhaps a contact,

On the west side of the Palisades exposures of the Stockton beds
are by no means so common, The altered beds are shown in deep
cuts at the west end of the West Shore tunnel, and also of the New
York, Busquehanna and Western tunnel. The arkose sandstone is
found in the railroad cuts half a mile north of Granton and again at the
guarry in the eastern part of Ridgefield. There are obscure exposures
along some newly-opened streets at Palisades Park and along the
brook near Leonia. In the northern outskirts of Englewood a grey
gandstone is found, which is somewhat indurated, possibly marking
the upper limit of alteration. Traces of the sandstone were noted
east and northeast of Tenafly, but in general the glacial drift buries
deeply the rock. A mile and a half east of Closter, however, there
are two quarries in the arkose sandstone, at which there is good
opportunity to examine these beds.

Extent.—West of the southern part of the Palisade ridge there is
a wide expanse of salt marsh, the Hackensack meadows. The upper
limit of the Btockton series, were it to be drawn, would cross this belt
which, of course, is without outerops. Further north the drift is so
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thick along the probable boundary line that outcrops are very few.
The typical Stockton beds were not observed west of the line of the
Northern Railroad of New Jersey, although it is not impossible that
were the drift stripped off they would be found further west. The
indefiniteness of their upper limit is not, however, due entirely to
the lack of exposures. As will be shown below, the conditions
attending the deposition of the Newark beds in this area were quite
unlike those of the region further south and west, so that the litho-
logical subdivisions established last year for the western part of the
State do not hold here,

LOCEATONG SERIES,

Constitution.—It was found in the western part of the State, that
the Btockton beds were overlain by a series of hard, dark-colored
shales and flagstones, to which the term Lockatong was applied, the
name being taken from the creek along which they are best exposed.
They consist (a) of carbonaceous shales, which split readily along
the bedding planes into thin laminsm, but which have no true slaty
cleavage ; (5) hard, massive, black and bluish-purple argillites, which
break sharply in any direction with 8 marked conchoidal fracture,
but never split into thin layers along the bedding planes; (¢) dark
grey and green flagstones, some layers of which afford slabs nine or
ten feet in diameter and three or four inches thick; (d) dark red
shales, approaching a flagstone ; (e) and oceasional thin layers of very
impure black and drab limestone, or rather highly calcareous shales,
Gradations between these types are common,

Although many writers have called these beds “baked” shales,
and have ascribed their color and hardness to alterations due to
proximity of trap masses, they are in general quite different from
the altered beds found near the trap. They often occur several miles
from any known igneous mass, and are just as hard and black at this
distance as where near the trap. Moreover, comparatively soft, thin
layers of highly carbonaceous shales occur between beds of hardest
argillite, and if the latter are the result of local metamorphism, it is
difficult to understand why the interbedded carbonaceous shales were
not also altered. Furthermore, the texture and stratification of the
Lockatong series is such that it does not seem possible they could have
been formed from the red shales by any process of metarorphism, The
dark-colored argillites, shales and flagstones form a distinet member
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of the system, and must not be confounded with the black and ashy-
blue metamorphosed shale locally developed near several of the trap
sheets. Microscopic examination by A. Andrae and A. Osann has
shown that the latter are very different mineralogically from the
former.

Both ripple-marks and mud-cracks occur at all horizons in the
Lockatong beds, showing that shallow-water conditions prevailed,
although the materials deposited were exceedingly fine. (Plate IV.)

Distribution.—As was shown in the Anpual Report for 1897
(pages 42-46), these beds occur in three separate areas, in each case
overlying the Stockton sandstones. The first of these is the Ewing-
ville-Princeton area, which has an average width of two miles. At
several points along the Delaware river, above Wilburtha, there are
good exposures of these rocks, and again at the quarries at Princeton
and those south of Kingston, on the Millstone river. East:of the
Millstone the beds are more or less obscured by more recent deposits
(Pensauken, chiefly) and exposures are rare. The upper limit, so
near a8 could be determined, extends from an outcrop of argillite on
the Brunswick turnpike, sontheast of Franklin Park, eastward to
Lawrence brook, near the mouth of Beaver Dam brook, and thence,
northeast along Lawrence brook, crossing the Raritan river below
their junction. Outerops of greenish-black and drab shale at Mill-
town are the last beds seen which can be put with certainty in this
series. The isolated hill of red shale rising from beneath the Cre-
taceous clays about midway between Woodbridge and Perth Amboy,
locates the Lockatong beds in that vicinity still further south, Data
from well borings, however, indicate that the belt extends for several
miles northeast from Perth Amboy.

The same beds outerop again along the sontheastern side of the
Sourland plateau, where they rest upon the narrow strip of Stockton
sandstones, which forms the escarpment of this upland. This belt
has a8 width of one and three-quarter miles, the dip of the beds being
from fifteen to twenty degrees to the northwest, Northeast of the
village of New Market the Lockatong beds occur on both sides of
the trap-sheet which forms the backbone of the plateau. This is due
to the fact that the trap makes several sharp bends and descends to a
lower horizon. Abouta mile south of Flagtown village the belt is
terminated by a great fault which cuts obliquely across the strike,

Between the Delaware river and Dilt’s Corner there is a small
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area of Lockatong beds, bounded by two fanlts. They grade down-
wards into the arkose sandstones of the Stockton series.

The most extended outcrop of the Lockatong beds oceurs in Hun-
terdon county in the high area of country which in my earlier report
I called the Hunterdon plateau and which is locally known as ¢ the
swamp.” The slates and argillites here rest upon the Stockton
beds which are quarried so extensively at Stockton and Prallsville.
Between Band Brook and Flemington, however, the sandstones are
cut out by the great Flemington fault, and the hard argillites have
been brought in contact with the soft red shales. To this fact is
due the height and steepness of the escarpment between Sand Brook
and Flemington. .

The upper limit of this belt passes north of Kingwood village,
along Mud run in a northeasterly direction ; thence, eurving graduslly
to the northward, it passes half a mile east of Oak Grove, and con-
tinues in a north by west direction towards Littleton. In this vicinity
its location is largely an arbitrary matter, since, as will be shown
below, there is here practically no difference between these beds and
those higher in the formation,

The width of the belt increases gradually from about three miles
along the Delaware to nearly four and a quarter west of Flemington,
beyond which it slowly dimishes. The dip of the rocks averages
only ten to thirteen degrees in this area as against fifteen to twenty
degrees in the Sourland platean area, so that with the same thickness
of rocks, the outerop would be much wider,

This belt forms a regular curve, parallel to the strike of the beds,
which changes from N. 65 E, along the Delaware to N, 10 E. mid-
way between Croton and Flemington, to N. 46 W. near Klinesville,
and N, 30 W. near Pittstown. The height of the Hunterdon plateaun
is due to the wide outcrop, curving strike and hardness of these
rocks, and the upper layers of the Stockton series, which have
retarded greatly the forces of deuudation, so that whereas the adjoin-
ing softer rocks have been reduced to an average elevation of under
200 feet, this belt has an elevation of from 500 to 700 feet.

8oil—The Lockatong beds give rise to a rather heavy, clay soil,
The surface is quite thickly strewn with slabs of the argillite and
flagstone and on the slopes ontcrops are generally abundant. Except
in places favorable to the accnmulation of the soil from higher slopes,
its depth is generally less than five or six feet. On the Hunterdon
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plateau it is more than usually wet and heavy. This is due in great
part to the poor drainage of the region and the comparative impene-
trability of the underlying rock. By tiling, the quality of the soil
has been greatly improved. Abundant supplies of surface-water can
generally be obtained from wells ten to fifteen feet deep, but it is not
of the best quality.

Modification of the Lockatong Beds.—Midway between Croton and
Quakertown these beds begin to lose their typical character. The
change is mainly one of texture, but as a result of their increased
coarseness, there is also a change in the color, the manner of weather-
ing and the soil formed by their decomposition. The hard black,
dark green and red shales and argillites grade into drab, red-
brown, green and yellow shaly sandstones. Some beds beco.ne slightly
arkose, resembling closely some members of the Stockton series.
This change occurs along the sirike and increases in amount as the
northwestern boundary of the formation is approached. The change
in first noted in the upper beds of the series, and gradually extends
to the lower beds as one approaches the border. That is to say, the
conditions which favored the deposition of the black shales and
argillites extended in the earlier part of the period nearer to the
present boundary of the formation than they did during the latter
part. Along Cakepoulin creek there are good exposures of thick
red and grey sandstones with occasional pebble-bearing layers, which
strongly resemble the Btockton series, but are often somewhat harder,
Yet these same sandstones, when traced along the strike, are found
to grade into the flags, argillites and carbonaceous black shales
which underlie “the swamp,” Pebble-bearing layers, which were
first noted along the section between Littleton and Sidney, increase
rapidly in thickness and number to the northwest, and within a mile
or a mile and a half the series is composed chiefly of massive beds of
heavy quartzite conglomerates, which continue to the crystalline
border. The conglomerates lying north and northwest of Pittstown
are contemporaneous with the fine-grained, dense shales and argillites,
and can be traced into them foot by foot through all the inter-
mediate stages.

Absence of the Lockatong Beds in the Northern Area.—In the
Report for 1896, page 42, it was noted that north of Princeton the
beds which could be referred without any doubt to the Lockatong
series, formed a belt less than a mile in width, whereas the average
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width to the westward was two miles. Since the inclination of the beds
ig slightly less than further west, the diminished width of ontcrop can-
not be due to the change of dip, because a gentler dip would give rise
to a wider belt. Beveral explanations were suggested: (a) that the
rate of deposition was slower in this vicinity during the time repre-
sented by the Lockatong beds elsewhere, and therefore the series here
ig thinner; (b) that deposition went on at nearly the same rate here
as elsewhere, but that the conditions favoring the deposition of black
argillite and shale did not last so long to the northeast of Princeton
as they did nearer the Delaware; in this case the beds must change
lithologically along the strike; (o) that the upper part of the Locka-
tong series has been cut out by a fault. Between these three hypoth-
eses, it was not possible to choose. A few cases of crushed and
contorted beds and slickensides lent a little plausibility to the last
supposition.

When the region west of the Palisade ridge was examined no trace
of the typical Lockatong beds could be found. As already indicated,
the black elate along the Palisade ridge is the result of local meta-
morphism, and does not belong to the Lockatong series, West of
the outcrops lie the broad Newark and Hackensack meadows—ealt
marshes beneath whose beds of clay and peat all traces of rock are lost.
The Lockatong series, if present in this part of the State, should
occupy the area of the meadow., When it is remembered that in the
western part of the State these rocks are always ridge-makers, rising
distinctly above the level of the rocks on either side, the impossibility
of typical Lockatong beds underlying the salt meadows is at once
appreciated. In Hunterdon county they are the mainstay of the
plateau which rises from 350 to 500 feet above the red-shale lowland
about Flemington. They, together with a trap-sheet a mile wide in
outcrop, form Sourland plateau, which rises from 200 to 400 feet
above the red shale plain northeast of Hopewell. Along the Ewing-
ville-Princeton belt, they rise about 80 feet higher than the arkose
sandstone country. In view of these facts there can be no hesitation
in asserting that the argillites and flagstones cannot underlie the
salt marshes,

Moreover, along the ridge to the north which at Little Ferry rises
above the meadow, outcrops of soft red shale occur so frequently as
to preclude the idea that the argillites form the mass of this ridge
beneath the drift. West of the meadows and underlying Elizabeth,
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Newark, Rutherford and Hackensack, soft red shale and eandstone
are found, which undoubtedly belongs to the third division of the
system—the Brunswick beds,

In spite, therefore, of wide areas over which no exposures can be
found, the conclusion seems fully warranted that the typical Locka-
tong beds do not exist within the northern half of the Newark area.
The narrowing of the outcrop near Princeton fits in, therefore, with
what has been observed further morth. It is hardly probable that
sedimentation ceased entirely in this northern area while the argillites
were being deposited to the southwest, since there is no evidence of
oscillations of sea-level or of unconformity. The hypothesis that the
beds thin out from lack of deposition seems, therefore, improbable.

It would seem, also, that the hypotheses of faulting had best be
laid aside, since there is no positive evidence in favor of it, and all
the large faults known in the New Jersey-Newark gystem, cause a
repetition of ‘the beds, not their suppression. The most probable
explanation for the absence of these beds is, therefore, that the con-
ditions favoring their formation did not prevail in the northern part
of the basin; that here the red shales and sandstones were deposited
contemporaneously with the argillites and flagstones to the southwest,
and that could we trace the latter from the point near Princeton,
where they begin to disappear beneath the Pensauken and Cretaceous
deposits, we would find all the steps in their transition to the soft red
shales, It follows from this that the term Lockatong, whes used
apart from the particular rocks to which it was first applied, repre-
sents certain condifions of sedimentation, which resulted in the
deposition of hard shales, flags and argillites, and not a definite
time-period,

BRUNSWICK BEDS.

Constitution.—It was shown in the Report for 1898, pages 47-50,
that above the Lockatong beds in the western part of the State, there
is a great thickness of soft shales with a few sandstone layers. They
are predominantly red in color, although a few purple, green, yellow
and black layers occur. In general the series consists of a monotonous
succession of very soft argillaceous red shales, which crumble readily
into minute fragments or split into thin flakes, particularly when the
beds are strongly micaceous. Although the bulk of this series is
soft red shale, there are some black layers and occasional beds of fine-
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grained sandstones, some of which afford valuable building material.
In the northern part of the Newark area, these beds are on the whole
much coarser than in the central and southwestern part, sandstone
and conglomerate layers being quite abundant. Massive conglom-
erate beds also ocour at several points along the northwest border
of the formation, a part of which are correlatives of the Brunswick
ghales,

Evidence that these beds were deposited in shallow water is
gbundant. Ripple-marks, mud-cracks and raindrop impressions
occur at many horizons. In some quarries impressions of leaves, and
of stems of trees, or the stems themselves, are not infrequently found.
OQccasionally slabs are found bearing the foot-prints of reptiles and
other vertebrates which wandered over the soft mud flats while these
beds were in process of accumulation.

Distribution.—The Brunswick shales occupy all the area, save that
occupied by the belts of the other two series and the trap-rocks. They
underlie by far the greater part of the whole area, partly because
they are much thicker than the other subdivisions and partly because
they form broad, gentle folds. :

Along the Delaware river they are first found a mile and a quarter
below Washingtons Crossing, whence they extend to near Moore’s.
Below Washington’s Crossing there is an almost continuous exposure
for over a mile, in which at least 1,700 feet of beds are shown. These
rocks extend northeast and underlie the rolling country from Hope-
well to New Brunswick and beyond.

A second belt begins on the Delaware, just below Lambertville,
where the shales next the trap have been much altered. Its upper
limit is at the southern extremity of the small trap hill, Mount
Gilbos, 2 mile above Lambertville, and it extends north by east past
Flemington, following the fault-line which has brought to the sur-
face the Stockton and Lockatong beda of the Hunterdon platean. The
Jower beds of this belt form the northwestern slope of Sourland
plateau, at the northeastern end of which, where it is known a3 Neshanic
mountain, the two belts of red shale on either side unite to form one
broad, gently-rolling lowland, the valley of the Raritan.

Owing to the curving fault-lines and the gentle folds of the strata,
the Brunswick shales are the only beds * found along a section across

* The conglomerates near Pottersville are the shore equivalents of the red shale
and belong in the Brunswick beds.
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the Newark formation, as here exposed, from New Brunswick to
Potteraville, a distance of twenty-five miles, Along this line the
Lockatong and Stockton series on the south are buried by the Creta-
ceous beds, and have not been brought to the surface by the faults
which have so greatly increased the width of the Brunswick outerop.
The best exposures are found along the Raritan above and below
New Brunswick, and along the Delaware below Washington’s Cross-
ing. Good exposures also ocenr along the Millstone, the South
Branch and the Neshanio rivers, and along many of the smaller
brooks which drain this region, particularly the short and steep
tributaries of the Delaware,

The Brunswick shales are found also above the Lockatong series in
the northern and lower part of the Hunterdon plateau, They are
exposed in high bluffs along the Delaware from near Tumble station
to the crystalline rocks near Holland station, and along the numerous
creeks emptying into the Delaware between these points, Black and
green shale layers occur somewhat frequently in the lower beds, and
are rare, though not entirely absent, in the upper layers.

It was found that the shales of this ares, when traced along their
strike towards the margin of the formation, became rapidly coarser,
passing, along some horizons, into massive conglomerates, It will be
remembered that similar changes were found to take place in the
Liockatong beds, so that within two or three miles of the margin the
distinctions between the three subdivisions are largely obliterated.

Brunswick Series in Union, Morris, Essex and Bergen Counties.—
What has already been said of the Brunswick beds applies particu-
larly to the area surveyed in 1896, and to a less extent to the northern
half of the Newark area. Within the area examined this past season
(1897) certain significant changes were observed in the texture and
structure of the beds. These require somewhat careful consideration.
In the main they are an increasing coarseness in the deposits as one
goes northward, so that the Brunswick shales gradually change to
sandstones and even to conglomerates. This change is more gradual
than the rapid transition noted last year as occurring in Hunterdon
county along the northwestern boundary. The character of this
change will best be understood by a somewhat careful statement of
the following details.

Elizabeth and Westward.—For several miles east of Metuchen and
Plainfield rock exposures are very rare owing to the morainal accu-
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mulations. The few observed are of the typical soft red shale. In
the northern and eastern part of Elizabeth the drift is thirty to forty
feet in thickness,* but in the western part of the city a few exposures of
sandy shale were noted. At Irvington Mills a small quarry was found
where the shales are decidedly arenaceous, even deserving the name
of sandstones. The same beds outcrop along the road in the western
part of Irvington, a mile north.

Newark and Northward.—In Newark a ledge of red shale outcrops
at the corner of Sussex avenue and Summit street, and the same or
similar beds undoubtedly underlie the hill along High street, where
in laying sewers rock was found within six feet or less of the surface.
The quarries on Bloomfield avenue, which once yielded annually from
fifty to sixty thousand feet of stone, worth one dollar a foot, are no
longer worked. Both sandstone and shale beds occur, the former
being a brownish-red feldspathic freestone easily worked. The same
beds outcrop again in several abandoned quarries along Second river,
below Soho and Woodside Park.

West of Newark no exposures were found through the Orange
towns, until the steep slope of First mountain was reached. West
of South Orange sandy red shale outcrops a short distance below
the trap. Similar beds were noted two miles further north by east,
west of Orange valley. Northward from here the beds become
coarser and have been quarried for sandstone a mile northwest of
MecClellan, beneath the famous basaltic columns in O’ Rourke’s quarry.
Good exposures of similar sandstone and shale beds were noted
along the brook in Llewellyn Park, where the sandstone layers are
from two to three feet in thickness, separated by six-inch layers of
shale. Along the strike half a mile northward thereis an outcrop
of conglomerate along the road to Eagle Rock. The pebbles are
quartz, and small. The exposure is significant in that it is the first
indication of the conglomerate layers which are so conspicuous at
this horizon a few miles further north.

In the brook near the Brighton avenue station on the Erie rail-
road, at a much lower horizon, there are good exposures of sand-
stone and shale, It is highly feldspathic and resembles closely the
red-brown sandstones of the Stockton series, but its stratigraphical
position shows that it is the equivalent of the red shale further south,

#] am indebted to the City Surveyor for these figures,
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Along the brook at Glen Ridge, also, there are fine exposures, both
of sandstone and of shale.

Along a section through Kingsland, Avondale, Brookdale and
Upper Montclair to the trap of First mountain, the beds, so far as
exposed, are predominantly sandstones and sandy shales. The best
exposures are at the famous Avondale quarries where the light-
colored brownish-grey sandstone has been worked for many years.
The sandstone layers are twenty to thirty feet in thickness, in courses
commonly two or three feet thick, Interbedded with the sandstones
are layers of argillaceous shale. The same layers may vary in texture
from one quarry to the next, or even within the limits of a gingle
quarry, Thin beds of a fine-grained conglomerate rarely oceur, the
pebbles being chiefly quartz and limestone. In the sandstones quartz
and feldspar are the chief constituents, but the layers are mostly all
caleareous. In fact, hand specimens from these quarries could be
distinguished with difficulty, if at all, from specimens of the finer-
grained sandstones from the Stockton or Wilburtha quarries. So
far as lithological character goes these rocks ought to be put in the
Stockton series. But their stratigraphical position in the Newark
system seems to be far above the Stockton beds, The facts on which
this conclusion is based are as follows: The trap-sheet forming First
mountain is extrusive in origin. That is, it is an overflow sheet, and,
therefore, ita base is conformable to the bedding of the sandstones,
and represents a constant horizon. This being the case, it gives us a
reliable datum line. The position of the sandstones of Avondsle in
reference to the trap agrees with that of the Brunswick shales further
south, and not with that of the Stockton series. Second, they are too
far removed from the base of the system, which follows the Hudson
river, to be classed with the Stockton beds. Thirdly, when traced
southward along the strike as closely as possible, considering the
limited number of outcrops, they appear to grade into soft argilla-
ceous shales,

Although great weight is attached to these arguments, and this
correlation is believed to be correct, it must be admitted that they
are not conclusive. It is within the bounds of possibility that owing
to a system of fanlts, of which I have found no traces, these sand-
stones belong in the Btockton series. But all of the known facts save
that of lithological likeness support the other conclusion.
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I have already shown that the Lockatong beds do not exist in this
part of the Newark area, their time equivalents being represented by
red shales and eandstones. The resemblance of the Avondale sand-
stones to many of the beds of the Btockton series shows that the sub-
divisions made in the southwestern part of the State do not hold for
this area. It will be found convenient, however, to use the terms
Stockton and Brunswick to denote relative position, althongh here
the two are not sharply separated from each other, and it was impossi-
ble to differentiate the equivalents of the black argillites (Lockatong
series}). ]

At Passaic good exposures of thin-bedded shaly sandstones were
noted near the high school and the Continental Match Company’s
factory. Cross-bedded sandstones and shales ontcrop at many points
west of the town. Feldspathic sandstone also occurs in an abandoned
quarry near Athenia station on the Erie railroad, and in the railroad
cnts half a mile northward conglomerate layers are found inter-
bedded with the shale and sandstone.

Hackensack to Paterson.—Along a section from Hackensack to
Paterson the beds are on the average coarser than further south. In
the western part of Hackensack soft argillaceous shales occur, the
best exposure being in the railroad cut near Prospect avenne station.
At the western end of the cut a fanlt has brought heavy sandstone
beds againat the shales, O the next ridge west, on which Maywood
ia situated, the beds are chiefly sandstones, with a few pebble-bearing
layers and some shales. The pebbles are chiefly quartz, feldspar and
limestone. Somewhat similar beds oceur near Rochelle Park. Thence
there are practically no exposures until Paterson is reached. Here,
however, in the southern part of the city, and in the numerous quarries
under Garret rock and below the falls there is a fine opportunity to
examine carefully the composition and the structure of these beds.
Sandstone, quartzite, quartz, limestone, shale and feldspar pebbles, up
to five inches in diameter, occur in the conglomeratic layers. Not a
single gneissic nor granitic pebble was found. Considering the fact
that along the nearest border of the Newark beds only the latter rocks
occur snd no quartzites, sandstones or limestones are known, the
costitution of these beds is significant. The quariz and feldspar
were undoubtedly derived from gueissic or granitic rocks, but the
ahsence of all granitic pebbles indicates that these rocks were
thoroughly disintegrated into their constituent minerals. Some of
the sandstones and quartzite pebbles are lithologically identical with
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the members of the Green Pond mountain group, and their presence
here seems to imply the former greater extension of those rocks,
The smaller limestone and feldspar pebbles are usually much disin-
tegrated, being often not more than bits of clay. The sandstones
accompanying the conglomeratic layers seem to be composed chiefly
of quartz and feldspar.

Bergen  County,—Similar coarse-grained sandstones and con=
glomerates ocour further north to the State line. The topography
of this part of the Newark area reflects the difference in texture.
‘Where the Brunswick beds are soft retl shales, the surface is a gently-
rolling lowland, having an average elevation of from 100 to 200 feet
above tide. With the appearance of the coarser and more resistant
beds the general elevation becomes greater, and in place of the
gently-rolling lowland, we find a series of ridges and valleys following
very closely the trend of the beds. Toward the New York State
line the higher of these sandstone ridges attain elevations of 450 to
625 feet above tide, the local relief being 200 or 300 feet.

Practically the only exposures of rock are found along the ridges,
since the valley bottoms are deeply filled with glacial deposits. The
rock of all the ridges is much alike. It is a coarse sandstone with
some pebble-bearing beds and occasional shale layers, Nason *
ascribed the repetition of the ridges and the similarity of the beds to
faults along the valleys parallel to the strike. The question of faults
will be diseussed below, go that the matter may be dismissed here
with the statement that no positive evidence of faulting could be
found, and that the topography finds ready explanation on the
assumption of alternating hard and soft beds through a great thick-
ness of strata.

The aress where the rock outerops frequently will be briefly men-
tioned. Along the crest of the ridge north by east of Arcola, the
conglomeratic sandstone comes near the surface. At the northern
end, near the Home of the Incurables, it has been recently quarried
to obtain stone for & new building. Here, as at Paterson, the con-
stituent pebbles are sandstone, quartzite, quartz, limestone, slate and
feldspar, while there is an entire absence of granite, gneiss or schist.
Occasionally pebbles five inches in diameter occur. The stone rongh-
dresses easily, and the smaller pebbles do not detract from its beanty.

¥ Nason. Annual Report of the State Geologist of New Jersey, 1888, page 25,
at seq.
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Doubtless, quarries of considerable valne might be developed here as
the drift is thin, From New Milford northward to the State line,
exposures are wanting over a belt several miles in width. But
northward from Paramus, between the Pascack and Saddle xivers,
the rock is exposed in many places, particularly on the eastern
slopes: (a) at Storm’s mills, (b} along the hillside cne-third of a
mile to the west, (¢) on the hillside west of Woodcliff (formerly
Pascack), (d) along Bear brook, and (¢) on the road along the crest
of the hill half a mile west, there are good exposures of this same
coarse sandstone with conglomérate layers, At several places, also,
on the slopes and crests of the hills east and southeast of Saddle
River village, there are outoropping ledges.

West of Saddle river to the limits of the formation along the base
of Ramapo mountain and north of the latitude of Hohokus, there
are almost no exposures, the drift being everywhere so thick as to
effectually bury all the ledges. From the constitution of the drift
and the similarity in topography, however, it is concluded that the
beds are not different from those further east.

At Hohokus there are good exposures along the creek and the rail-
road, and again at Midland Park numerous cuts are found. Here
again my notes indicate that granitic and gneissic pebbles are entirely
absent, although quartz, feldspar, shale, limestone, quartzite and
sandstones are common. At both places the creeks ehose courses on’
the drift across thinly-buried ledges of rock, They soon eroded
their channels through the unconsolideted beds and were forced to
out downward in the sandstone. Above and below these rock gorges
the streams are flowing in channels cut entirely in drift, the sand-
stone there lying deeper and not yet having been reached. Such cases
of local superimposition are common in all drift-covered regions, so that
ihese streams have had an experience common to thousands of others
in the northern part of the United States and Canada. Ledges also
ocour along the small ereek north of Van Winkle.

Brunswick Beds between First and Second Mountains.—In the
valley separating these two trap-sheets, beds of shale and sandstone
occur which are higher -in the series than any yet mentioned. South
of the moraine and its associated gravel deposits, exposures are
frequent, whereas to the north there are but few places where any-
thing more than mere traces of the rock can be seen, A line of
" quarries located at Pluckamin, Martinsville, Washingtonville, Pleas-
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antdale, Little Falls and Haledon afford good opportunities for
studying the strata. The beds along Mine brook southwest or
Bernardgville and adjoining the crystalline rocks, belong to the same
horizon as those in the Martinsville- Pleasantdale valley. This is due
to a gentle synclinal fold or trough in the beds, which is shown
most clearly by the crescent shape of the trap ridges,

They are composed of soft red argillaceous and micaceous shales,
gome green and black shales, and grey, greenish, yellow and red-
brown sandstones. At Smith’s quarry, Warrenville, the original
color of the sandstone was steel-blue or darker, and it has been
weathered to a yellowish grey. Small cores of the unaltered stone
occur in the center of the larger blocks. The weathered zones are
parallel to the joint planes, and slabs, if broken at right angles to the
jointing, often show a concentric zonal or banded structure. In
small specimens these might be mistaken for stratification laminm
of different colors, but in the quarry they are seen to be independent
of the dip and strike and are clearly due to weathering,

The composition of the sandstone all along the valley is much the
same. Macroscopically, quartz and mica predominate with a less
amount of feldspar. The “rust brown” specks so conspicuous in
most of the Wilburtha and Stockton stone do not oceur.

The evidence is strong that the sandstone beds are local lenses,
not infrequently thinning considerably within the limits of a single
quarry, so that although they occupy the same general horizon,
individual layers are not continuous throughout the entire valley,

At Feltville (Glenside Park) the following section is exposed in
the bluff just below the row of cottages:

(1} At top. Soft red shales............ rersennrnanneens Sgveral feet,

(2) Red-brown sandatone, shght.ily s]mly 1 foot.
{8) Soft argillaceouns red shale... PR 9 feet,
(4) Grey semi-crystalline hmestonea 1 foot.
(5) Soft argillaceous shales, red... ves 1
(6} Calcaraous black sha.]e, locally almost a llmestone vene 1 @
(7} Black limestone... P
(8} Dark grey shale... RS- 3 ou
(9) Drab and black hmestone in beds from one to three

inches thick...cccvveciisisiimiinns covcrinnveiiriesnnsnssren 10
{10) Red sandy shale, very calcareous... ..cccv. creveeeirieienens . S
(11) Soft red shales and shaly sandstones.....cosereveersmsssseses 1} feet,
{12} Reedy red-brown sandstone ............. vessssssranssase eeesse w BASE NOL sShown,

4
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The above section illustrates the constant change in texture
characteristic of many of the Newark beds. Nowhere else along
the valley were beds of limestone found, but that is not surprising
when the thinness of these beds and the lack of exposures in many
places is considered.

Brunswick Beds above (west of) Second Mouniain.—Between
Second mountain and Long hill outcrops are common west of New
Providence. KEast and northeast of that place the glacial deposits
obscure the rock save for an occasional outcrop high on the flanke of
Long hill. The beds are soft red shales, with a few greenish layers.
No sandstone was found and it is not probable that any considerable
beds occur, The best exposures are in the railroad cutg near Stirling
and in the gorge at Millington. At Stanley and Chatham the same
beds are exposed.

North of Chatham, and within the drift-covered area, beds at the
-same horizon can be found on the east side of Mine Hill, west of
Livingston, where red argillaceous shales are found a few feet below
the trap. Thirteen miles northeast, near Upper Preakness, wells
near the Union hotel and Point House hotel, on the Hamburg turn-
pike, reach red shale, of perhaps of little coarser texture, at depths
of thirty feet. Btill farther north, and at the same horizon, outcrops
of shale and red-brown sandstone occur sbout a mile south by east
of Pompton lake.

Along the road at the south end of Pompton lake, there is a good
exposure of greenish conglomerate which apparently dips beneath
the trap-sheet a few feet to the west. The actual contact is not
shown. This trap-sheet occupies the same position relative to
Second mountain as does the Long hill sheet, and they have been
assumed by various observers to be parts of the same overflow. This
being so, the conglomerates correspond stratigraphically with the
soft red shales underlying the Long hill sheet, since, as has been
shown by Darton and others, these sheets are overflows on uneroded
beds, and their bases afford reliable stratigraphic horizons. These
conglomerates are bt slightly above the shales and sandstones which
occur at point a mile south by east of the lake.

Mouch of the conglomerate is go poorly consolidated as to be readily
worked for road gravel, although this may be due to recent disinte-.
gration, The pebbles, which range up to ten inches in diameter,
are of hard green sandstone, limestone, black slate, purple quartzite,
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the members of the Green Pond mountain group, and their presence
here seems to imply the former greater extension of those rocks,
The smaller limestone and feldspar pebbles are usually much disin-
tegrated, being often not more than bits of clay. The sandstones
accompanying the conglomeratic layers seem to be composed chiefly
of quartz and feldspar,

Bergen County.—Similar coarse-grained sandstones and con-
glomerates occur farther north to the State line, The topography
of this part of the Newark area reflects the difference in texture.
Where the Brunswick beds are soft retl shales, the sarface is a gently-
rolling lowland, having an average elevation of from 100 to 200 feet
above tide. With the appearance of the coarser and more resistant
beds the general elevation becomes greater, and in place of the
gently-rolling lowland, we find a series of ridges and valleys following
very closely the trend of the beds. Toward the New York State
line the higher of these sandstone ridges attain elevations of 450 to
625 feet above tide, the local relief being 200 or 300 feet,

Practically the only exposures of rock are found along the ridges,
since the valley bottoms are deeply filled with glacial deposits. The
rock of all the ridges is much alike. It is a coarse sandstone with
some pebble-bearing beds and occasional shale layers, Nason *
ascribed the repetition of the ridges and the similarity of the beds to
faults along the valleys parallel to the strike. The question of faults
will be discussed below, so that the matter may be dismissed here
with the statement that no positive evidence of fanlting could be
found, and that the topography finds ready explanation on the
assumption of alternating hard and soft beds through a great thick-
ness of strata,

The areas where the rock outcrops frequently will be briefly men-
tioned. Along the crest of the ridge north by east of Arcola, the
conglomeratic sandstone comes near the surface. At the northern
end, near the Home of the Incurables, it has been recently quarried
to obtain stone for a new building. Here, as at Paterson, the con-
stituent pebbles are sandstone, quartzite, quartz, limestone, slate and
feldspar, while there is an entire absence of granite, goeiss or schist,
Occasionally pebbles five inches in diameter oceur. The stone rough-
dresses easily, and the smaller pebbles do not detract from its beauty,

* Nason. Annual Report of the State Geologist of New Jersey, 1888, page 25,
& seq.
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Doubtless, quarries of considerable value might be developed here as
the drift is thin, From New Milford northward to the State line,
exposures are wanting over a belt several miles in width. But
northward from Paramus, between the Pascack and Saddle rivers,
the rock is exposed in many places, particularly on the eastern
slopes: (a) at Storm’s mills, () along the hillside one-third of a
mile to the west, (¢) on the hillside west of Woodcliff (formerly
Pascack), (d) along Bear brook, and (¢) on the road along the crest
of the hill balf a mile west, there are good exposures of this same
coarse sandstone with conglomérate layers. At several places, also,
on the slopes and crests of the hills east and southeast of Saddle
River village, there are outcropping ledges.

West of Saddleriver to the limits of the formation along the base
of Ramapo mountain and north of the latitude of Hohokus, there
are almost no exposures, the drift being everywhere so thick as to
effectually bury all the ledges. From the constitution of the drift
and the similarity in topography, however, it is concluded that the
beds are not different from those further east.

At Hohokus there are good exposures along the creek and the rail-
road, and again at Midland Park numerous cuts are found. Here
again my notes indicate that granitic and gneissic pebbles are entirely
absent, althongh quartz, feldspar, shale, limestone, quartzite and
sandstones are common. At both places the creeks ehose courses on
the drift across thinly-buried ledges of rock. They soon eroded
their channels through the unconsolidated beds and were forced to
cut downward in the sandstone. Above and below these rock gorges
the streams are flowing in channels cut entirely in drift, the sand-
stone there lying deeper and not yet having been reached. Such cases
of local superim position are common in all drift-covered regions, so that
theze streams have had an experience common to thousands of others
in the northern part of the United States and Canada. Ledges also
occur along the small creek north of Van Winkle.

Brunswick Beds between First and Second Mountains.—In the
valley separating these two trap-sheets, beds of shale and sandstone
occur which are higher -in the series than any yet mentioned. South
of the moraine and its sssociated gravel deposits, exposures are
frequent, whereas to the north there are but few places where any-
thing more than mere traces of the rock can be seen. A line of
quarries located at Pluckamin, Martinsville, Washingtonville, Pleas-
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with a few of quartz. No gneissic or granitic pebbles occur, although
less thar a mile and a half away there rise the steep slopes of
the crystalline highlands, which border the Newark area. Many
of the limestone pebbles are completely disintegrated, leaving only
cavities to mark their place or insoluble yellow residue, The matrix
of the conglomerate is composed not of sand or clay, but chiefly of
small green shale bits, evidently derived from the softer beds in the
same formation as the green sandstones. All but the limestone and
quartz pebbles can be duplicated among the members of the Green
Pond mountain series, The limestones were derived from the same
source a8 the pebbles in the conglomerate beds near Paterson. Similar
conglomerate was noted half a mile northward along the same road.

There are fine exposures of interbedded red and green shale,
sandstone and massive conglomerate along the brook, three-eighths
of a mile east of the above-described conglomerate. In the latter,
limestone cobbles over a foot in diameter are not uncommon,
Directly beneath one conglomerate mass, a fine-grained, thin-bedded,
black shale occurs, in which are occasional fossil leaves, Similar
coarse and fine beds occur at a few other points in this vicinity.

The position of these conglomerates interbedded with shales and
undoubtedly grading into other shales at a short distance from the
border of the formation, accords perfectly with what has already been
noted as ocourring at many other points along the northwestern
border. The conglomerates do not form a definite horizon of them-
selves, but are strictly local accumulations which occur at all horizons.

The red shale which outcrops at various points between Millington
and Basking Ridge is still higher in the series than any I have here-
tofore mentioned, overlying as it does the trap of Long hill, the
third of the concentric trap-sheets. Lithologically it does not differ
from beds at lower horizons.

Northeast of Basking Ridge there are exposures of red and green
shale, with some black carbonaceous layers. The latter have given
rise to the belief that beds of coal ocour in that vicinity. Similar red
and green shales are found within the crescent-shaped trap ridge near
New Vernon. Here the beds form an anticline, the axis of which
dips southeastward, and the beds along the outer flanks are higher
in the series than those nearer the center, Near the two ends of
the trap ridge are hills of conglomerate, the pebbles of which are
green and purple sandstones, conglomerate, quartz, quartzite and

NEW JERSEY GEOLOGICAL SURVEY




62 ANNUAL REPORT OF

shale. Here, again, the gneiss and granite are very rarely or never
present, although the crystalline rocks bordering the formations are
almost within stone’s throw.

Rock exposures are almost entirely wanting within that part of
the Paseaic basin from Basking Ridge to Boonton and Little Falls.
Within this area are the thick alluvial deposits of the Great swamp,
Black meadows, Lee meadows, Troy meadows, Hatfield swamp,
Great Piece meadows, Bog and Vly meadows, as well as glacial
deposits of more than ordinary thickness, This area all lies within
the basin of the glacial Lake Passaic, and no small part of these
deposits owe their origin to this circumstance.

A series of outcrops, however, was found close along the north-
western boundary from Boonton northeastward. Red and black
shales occur along the Rockaway river below Boonton, in some layers
of which finely-preserved fossil fish were found many years ago.
With the shales are interbedded sandstones and conglomerates, the
the latter composed of gneissic pebbles chiefly, with some quartz and
quartzite. They are poorly rounded, and in some cases six inches in
diameter, The fossil-bearing black shales occur in close proximity
to the sandstone and conglomerate beds. These beds outcrop at
intervals along the river for over a mile, and are about half a mile
from the crystalline rocks. Their strike (trend) is N. 30-40 W,,
that is, at right angles to the border.

BORDER CORGLOMERATES,

In my earlier report* I described at some length conglomerates
which oceur at a number of points along the northwest boundary of
the formation. In order to render this report the more complete, the
important points concerning them are here repeated.

Quartzite Conglomerates.—At a number of points there are
thick accumulations of massive conglomerates, composed chiefly of
quartzite and hard sandstone. Pebbles of limestone, gneiss and shale
occur sparingly in some layers. All the constituent materials are well
rounded, a fact which in the case of the hard quartzite indicates
a long period of attrition.

* Annual Report of the State Geologist, 1896, pages 50-54.
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These conglomerates, interbedded with sandstones and shales, are
best exposed in the  pebble bluffs ” along the Delaware river above
Milford. The conglomerates form lenticnlar beds which thin out in
the distance of a few rods to be replaced by beds of a different texture.
The alternation of beds betokens shore conditions. The heaviest
accumulations of this conglomerate underlie the high region stretch-
ing northwest from Pittstown and south of Pattenburg. This region
is known as “the Barrens” from the nature of the soil—an exceed-
ingly stony clay, resulting from the disintegration of the con-
glomerate. Less massive accumulations occur, also, at other points
chiefly south of Clinton, and again four miles north of Peapack,
where there is an outlier called Mount Paul. The conglomerate
hills near New Vernon, and also those near Pompton lake, mentioned
on page 50, fall into this category.

Caloareous  Conglomerates. — Conglomerates composed almost
entirely of limestone fragments frequently ocour. This rock is
in appearance almost the exact counterpart of the famous “ Potomac
marble” quarried at Point of Rocks, Maryland. The limestone
pebbles are usually bluish or grey, sometimes reddish, set in a red
mud matrix, so that the rock has s variegated appesrance. The
average diameter of the larger constituents is six or eight inches, but
bowlders five feet in diameter have been seen, and at a quarry two
and a half miles northesst of Suffern, N. Y., bowlders twelve feet
in diameter are reported to occur. The larger fragments are generally
rounded, but the majority of the smaller are sharp-cornered or at
most subangular. Compared with the pebbles in the guartzite con-
glomerate, the limestone pebbles are but little worn, a fact of some
significance in connection with the origin and source of the materials,
since with equal transportation the softer limestones must have been
most worn. In many localities this conglomerate is so pure a lime-
stone that it is quarried and burnt for lime for local use.

Gneissic Conglomerates,.—Locally a few gueissic and granitic pebbles
occur in the quartzite and limestone conglomerates, but they form a
very insignificant part of the whole. Not uncommonly the most
careful search failed to reveal a single pebble of this character,
There is, however, one area where these pebbles constitute by far the
major part of the formation. This area was not described in the
earlier report, as were the others, and so may be given more gpace
here.

?
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It begins near Montville and extends for two to three miles north-
eastward along the border of the formation. The rock occurs mostly
in low hills bordering the loftier crystalline highlands. Between
the rock knolls, and locally more or less completely covering them,
there are flat-topped hills of sand and gravel, some of them being
glacial deltas marking the shore-line of Lake Passaic.*

At Montville there is one exposure along the road, three-eighths of
a mile south of the village; another ledge just below the mill-d am
near the canal, and a third in the railroad cat half a mile east of the
village, At all exposures the rock is a coarse conglomerate with
cobbles not uncommonly & foot in diameter, The bulk of the
material is granitic and gneissic, five or six different types of erystal-
line rocks being present. Quartzite, sandstone and limestone pebbles
are common in the exposure slone the railroad, but were not noted
at the other points. Amygdaloidal trap pebbles form a significant,
although small part of the constituents, both at the mill-dam exposure
and along the railroad. The most conspicuous rock is a coarse-
grained granite, with large pinkish feldspar crystals, which is abund-
ant both in these beds and in those exposed to the northesst. The
matrix is composed of the disintegrated and smaller fragments of
the same rock as the pebbles, Outerops occur at frequent intervals
to the northeast, particalarly near the Jacksonville school-house,
along the road leading from Whitehall to Pompton Plains. The
proportion of trap, quartzite and limestone pebbles varies slightly at
different localities, but traces of each can usually be found.

Rising slightly above the level of these rocks are two small areas
of trap. One of these lies three-fourths of a mile north by west of
Whitehall, the other two miles north by east of the same place, At
both localities the rock is vesicular, and the ropy structure is shown.
Coils of dense, firm trap are involved with vesicular and scoriaceous
beds, as if a partially cooled mass of lava had rolled over and over.
Locally this structure may, in a small exposure, resemble a massive
trap conglomerate and readily be mistaken for it. This seems to
have been true in the case of the area two miles from Whiteball,
which was so deseribed by Nason.t

# Annual Report of the State Geologist for 1894, pages 279-283.
+ Annual Report of the State Geologist for 1888, page 41.
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The origin of the trap pebbles found in the gueissic conglomerate
of this vicinity is not beyond question. Nason* has held that they
were derived from dikes in the neighboring crystalline highlands.
This does not necessarily follow. The pebbles are vesicular trap, and,
g0 far as their external appearance goes, they may have been derived
from Hook mountain or from either of the two Watchung ridges.
According to my observations the trap dikes of New Jersey are never
vesicular. It will be shown later that Hook mountain and the
Watchang ridges are overflow trap sheets, They occupy a lower
~ horizon than do the conglomerates under discussion, and, therefore,
the outflows of lava antedate the formation of the conglomerates.
Since the Hook mountain sheet is the nearest stratigraphically, it is
more probable that the pebbles were derived from it, than from the
Watchung sheets, If so, the former sheet must have been exposed
to the action of the weather and waves while the uppermost Newark
beds were forming.

Relations of these Conglomerates to the Older Rocks.—The relations
of these conglomerates to the older rocks along the border are signifi-
cant. In some cases the caleareous conglomerates adjoin small areas
of Paleozoic limestone, from which the materials may have been and
probably were derived. In other cases, and this iz true of the largest
areas, the calcareous conglomerates abut against the goeissic rocks,
and for much of the distance it is certain that no limestone occurs
between the gneiss and conglomerate, at least not at the surface
horizon, Crystalline pebbles, however, are comparatively rare in
the conglomerate. Substantially the same conditions prevail in the
case of the quartzite conglomerate. For the most part it adjoins the
gneiss, but gneissic pebbles in it are rare, The known areas of
quartzite along the border are small and in general not near the
massive conglomerate beds,  Lithologically, moreover, they are
unlike the bulk of the quartzite pebbles.

A numerical statement of the case makes the contrast greater.
Between the Delaware river and Pompton, the northwestern boundary
measures sixty-five miles and a half. The older rocks are distributed
as follows ;

* Annual Report of the State Geologist for 1889, pages 68-70.
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Gneisses and SrADILEE rrsemsreriieeisensescsessmennsneessssmssrseasnnanenss 453 miles,
i E8t0I0 1 revatsinernerisstesnsrionsrsres sossesanrarsnspssssansansaserssesannsssnne 6
Shale and Blate....ccrsseerssrenmimsnrsrersnesesririrnsanssnsissseniren sarvases 08
QUATEZILE oo.vcitnansiisnstnimereassnrsiniesastaninsansansussenssttnnasarasssasnesssnns § mile,

The various rocks of the Newark system are distributed along the
border as follows:

Quartzite conglomerate. vmeniiiierercasimuonssrm . 194 miles.
Limestone Conglomerat.. ...ccoiessecaisssssssssrnnsarennserssssassannenans 9
Gneissic CONEIOMErate... cocre veirisesinsssrmesrsnssssssrsssarnesrrriesssnnenne &
Red 8hale... civeimercmrseirnismiessrsmsainisccsrens nieenss snsassssasrassnoses 158 *«
TEAD +vvvvvenrisanes saraersnsssnntssnnsniomarersshessssioniuttimnssnnasiasesnnssansisons 24 7
Bock unknown (buried by drift)....cmerermarnnciinaanii. 4 @

That part of the boundary northeast of Pompton (ten miles) is not
included in this estimate, since on both sides of the contact the rocks
are almost completely hidden by the deposits of the Ramapo river.
A contorted slate, seen at two points along the river, indicates that
the Newark beds do not abut, at least not continuously, against the
crystalline rocks of Ramapo mouatain.

From these tables it is seen that whereas the gneisses and granites
form the boundary for nearly fifty miles, gneiss conglomerates occur
only along four miles. Even should all the unknown rocks (four-
teen miles) be gneiss conglomerates—a thing altogether improbable—
these conglomerates would be less in amount than the quartzite con-
glomerates. On the other hand, whereas the quartzite conglomerates
are found for nearly twenty miles, the known areas of quartzite
along the boundary measure less than 2 mile. The contrast in
amount between the quartzite and gueiss conglomerates would be
much greater were the width of outerop also taken into account in
the foregoing tables. It will also be noted that the belt of limestone
conglomerate is fifty per cent. longer than the exposed limestone
areas, In view of these facts, it is evident that along the greater
part of this border the beds of the Newark system were not derived
from the older rocks which now immediately adjoin them. The
waves of the sea in which the Newark beds were deposited did not
beat against the rocks which now border this area. The most prob-
able explanation of these facts is found in the hypothesis of faulting
along the border—an hypothesis which I shall develop more fully
below.
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Relation of the Conglomerates to the Shales—The relation of the
conglomeratea to the shales is also an interesting and significant one.
When traced along the strike the shales and argillites are found to
grade into coarser beds which, at some horizons, become the massive
conglomerates near the border. That this is the case has been estab-
lished beyond a shadow of a doubt by numerous observations. Time
and again thin pebbly layers were seen to appear in the shales and to
increase in thickness and numbers until they became massive con-
glomerates, This is true both of the calcareous and of the quartzite
conglomerates, and could doubtless be seen also in the case of the
gneiss conglomerates were the exposures more abundant.

These conglomerates do not, therefore, form a separate horizon but
range through the whole formation. In the bluffs on the Delaware
river, above Milford, they belong with the Brunswick shale, 8o also
do the beds of a part of  the Barrens ”” southeast of Pattenburg., The
rocks of ¢ the Barrens,” north and northwest of Pittstown, pass into
the Lockatong beds, and are therefore slightly older than the con-
glomerates nearer the Delaware. The pebbly layers south of Clinton
belong to the Stockton series. Both the calcareous and the quartzite
conglomerates near Pottersville and Peapack belong with the Bruns-
wick beds. In the same subdivision must be placed the quartzite
conglomerates near New Vernon and south of Morristown, the
gneiss conglomerates near Montville, and the quartzite conglomerates
south of Pompton lake.

I have already pointed out in considerable detail (pp. 47, 48), that
in Bergen county, the Brunswick beds are as & whole comparatively
coarge and contain many conglomerate beds with both limestone
and quartzite pebbles, These are well shown in the quarries in
Paterson, They are not basal beds brought up by a faunlt, as has
been suggested by Darton.* On the contrary, toward the north, the
whole masa of the Brunswick beds, so far as exposed, becomes coarser
and even conglomeratic at many horizons. In these particular layers
at Paterson, the pebbles were carried further to the southwest by
the currents than in the immediately underlying or overlying beds.

It must also be understood that what has been said concerning the
three types of conglomerates does not apply to the conglomerate
layers interbedded with shales and sandstones, which occur either
along the sontheastern part of the formation, or near Hopewell, or

*T1. 8. Geological Survey, Bulletin 67, pages 17, 18.
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near 8tockton. These latter are comparatively thin beds of little
importance from a topographical standpoint and belong to the Stock-
ton series, They present no features of particular interest,

CHAPTER IL—-TRAP ROCKS,

In many of the earlier reports* of the survey, the trap rocks of
the Newark aystem have been more or less completely described and
their location shown upon the Geological map. Darton + has pub-
lished an elaborate and valuable account of the principal trap masses
and their relationship to the adjoining sedimentary rocks. Russell,
Davis and many others have added to our knowledge of certain
localities. In spite, however, of all that has been written by many
observers, there is still much uncertainty, even among persons of the
Btate who take no small interest in such things, concerning the
origin of the trap rocks, their relations to the shales and their effects
upon the sedimentary beds. In view of this I shall discuss some-
what fully these rocks and repeat some things which have been well
known to all geologists for many years.

ORIGIN OF THE TRAP ROCKS,

The traps belong to that class of rocks called by geologists igneous,
from the fact that they were formerly in a molten condition, While in
this state they were forced up through the overlying solidified strata to
the geologieal horizon at which they now occur. The nature of the force
by which this was accomplished is not well understood, but the fact re-
mains. The trap rock, which, by its composition and structure, is known
to have once been molten is now included in beds of shale and sand-
gtone. These are known by their structure and texture to have been
accumulated under water from the fragments of older rocks. Mani-
festly the only explanation is that the trap was forced up from the
highly-heated interior of the earth into the sedimentary layers, where
it cooled at or near the surface,

The Newark trap rocks of New Jersey occur in three different
ways. Some occur as sheets or layers perfectly parallel to the layers
of shale or sandstone with which they are interbedded. The relation-

} * (venlogy of \ew Jersey, 1868. Annual Reports 1879, 1881, 1883, 1884, 1886,
885, 1896.
% Darton. TU. 8. Geological Sarvey, Bulletin 67,
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ship is exactly what one would find in a case where first a layer of
sandstone was formed, then a layer of molten trap overflowed the
sandstone, and lastly other layers of shale or sandstone formed on
top of the trap, Such a sheet would be called “extrusive” or an
“overflow,;” since the lava was poured out over the surface of the
sandstone layer. The Watchung mountains (both First and Second
mountains), Long hill, the New Vernon sheet, Riker hill, Hook or
Towakhow mountain, the New Germantown sheet and the Sand
brook sheet are of this character.

A second typeis found in the narrow almost vertical sheets or
dikes which cut sharply across the shales at various angles. As
seen in cross-section they frequently make angles approaching ninety
degrees with beds of shale. Their occurrence is that of a molten
or pasty mass of lava which has risen through a crack in the
overlying beds, widening and filling it. At Blackwell’s mills west
of New Brunswick, and on the Croton road just west of Flemington,
there are fine exposures of such dikes.

The third type stands between the two already mentioned. The
rock is in sheets not infrequently several hundred feet thick, which
lie nearly but not entirely parallel to the beds of the inclosing shales.
They follow the bedding planes for a greater or less distance and are
then parallel to the shales, but soomer or later they break across the
gtrata to another horizon. In these cases the molten or pasty lava
ascended through dikes or vents to a certain horizon, where it spread
out between the layers, bulging up the overlying beds and occa-
gionally passing from one bedding plane to another. These sheets
are said to be infrusive, since they are forced into the beds. Mani-
festly, there can be all gradations between the dike which cuts the
inclosing beds at right angles, and an intruded sheet which is nearly
or quite parallel to the bedding. In the latter case it may be a
matter of much difficulty to distinguish between an intrusive and an
extrusive sheet. Rocky hill, the Palisades, Sourland mountain,
Cushetunk mountain, Round mountain, and the other trap masses in
the western part of the State are intrusive sheets or masses, which
are more or less parallel to the bedding, although in every case they
cut across it at one or more points,

There is usually no difficulty in separating the nearly vertical dike
from the other two types, but the extrusive and intrusive sheets are
often much alike. In spite of this likeness, however, there are many
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criteria* by which they may be differentiated. These differences
are the result of the different conditions of origin. The extrusive
sheet must be conformable to the surface on which it lies; the
intrusive eheet may break across the beds. The one may show evi-
dence of having cooled rapidly and not under pressure, by a vesicular,
scoriaceous, glassy or ropy upper surface; whereas the other, having
cooled more slowly beneath the surface and under pressure, will be
coarser-grained, non-vesicular (save in rare cases), and may have meta-
morphosed the overlying beds. The extrusive sheet may contribute
material to form the overlying sedimentary beds, and so be covered
by a trap conglomerate or sandstone, or it may be associated with beds
of voleanic ash and lava bombs, or the overlying sediment may work
down into the inequalities of its upper surface, thus filling the vesicles
and spaces between the clinkers, The intrusive sheet, on the con-
trary, may send off spikes and streamers of trap into the overlying
beds, or mey surround and inclose masses of the overlying rock
which it has broken off as it forced its way along between the beds.
There are other differences, but these are the most important.

ORIGIN OF THE RIDGES.

With the exception of a few of the narrowest dikes, all the trap masses
are sharply marked topographically. The thicker sheets form hills or
ridges rising several hundred feet above the general lowland, The ex-
trusive sheets and those intrusive sheets which are nearly parallel to the
bedding, have steep easterly faces, locally surmounted by cliffs and long,
gentle westerly slopes corresponding to the dip of the overlying sedimen-
tary beds. The popular view that these ridges owe their height to the
upheaval of the molten lava to its present altitude above the shales is of
course erroneons, Molten or pasty lava raised to the surface could not
assume the present position and height of these hills above the shales,
but must manifestly have flowed as a thin, nearly horizontal sheet over
the surface. Moreover, the evidence is conelasive that some of the
masses solidified between the shales at considerable distances beneath
the surface of that time. Other sheets after extrusion were buried
beneath many hundreds if not thousards of feet of sediments. From
this it follows that all these masses of trap owe their present position
as hills above the general level to the wearing away of the overlying
beds. Since they are much more resistant to the attack of the agents

* Davis, Bulletin of the Museum of Comparative Zoology 1889, pages 100-103.
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of disintegration and denudation than the shales and sandstones, they
have been eroded less rapidly, and now rise above the softer rocka,
This fact must be clearly grasped in order to comprehend at all the
history of these rocks, Not only has a thickness of shales equivalent
to the present height of the trap ridges been eroded from the lowland
surrounding them, but many hundred feet of sedimentary rocks have
been worn off their crests. They form hills and ridges, not because
they have been pushed up higher than the shales, but because the
latter have been worn down the faster.*

The Palisades.—The Palisades sheet iz by far the most widely
known of all the trap masses of New Jersey. No traveler along
the Hudson river either by boat or by train can fail to notice its
rugged, stern and almost forbidding cliffs. Fort Lee, erected during
Revolutionary days, on one of its projecting points, connects it with
the struggle for independence. The tragic death of Hamilton, on
the fatal dueling ground at its foot, links it with the early history of
the nation. In these latter days widespread attention has been
directed to it by the efforts to induce the government to protect it
from the attacks of the quarrymen.

On Btaten Island the trap is quarried for so-called “granite”
paving blocks, It outerops at sea-level at Bergen Point, but the
elevation gradually increases northward, being 250 feet above tide
at West Hoboken, 333 feet at Fort Lee, 433 feet east of Engle-
wood, until its maximum height in New Jersey of 547 feet is reached
one and three-fourths miles south of the State line. Just north of
the State line there is a broad, low sag, with an average elevation of
about 200 feet, which at Sparkill is cut through by a narrow valley
almost to sea-level. Within a mile northward, however, it rises
to a height of 680 feet, Its maximum height of 832 feet i found at
High Tor, just south of Haverstraw, where it curves westward away
from the river, decreasing in elevation until it disappears beneath the
glacial deposits along the western boundary of the Newark beds.

From Hoboken northward the sedimentary rocks outcrop fre-
quently beneath the trap, and many localities are known where the
igneous and sedimentary rocks can be seen in contact. South of
Hoboken the contact of the trap and shale is below sea-level, but
northward it rises to a height of about 180 feet east of Englewood,

*A complete discussion of the topography of the trap ridges and its development
is given in vol. IV, Final Report of the State Geologist, pages 27-40 and page 99
€t seq.
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of 240 feet at Alpine, and falls again to 100 feet* at Sneden’s
Lanoding.

On the west side of the ridge neither shale nor sandstone is found
from Bergen Point northward almost to Schuetzen Park, the contact
of the trap with the overlying shales probably being beneath sea-
level. North of Schuetzen Park, however, the western flank of the
ridge is formed of shales and sandstones, which north of Ridgefield
attain considerable width, The upper contact is not so frequently
exposed as the basal, but a number of localities are known to geolo-
gists where it can be seen,

Thickness,—Estimates of the thickness of the Palisades vary greatly.
This is due in part to the probable great variation in its actual thick-
ness, and to the difficulty of making accurate estimates in the case of
a sheet, cut by many faults, more or less unconformable to the in-
closing sedimentary layers, and deeply eroded. Dartont has esti-
mated its thickness at Bergen Hill to be about 300 feet, near Wee-
bhawken about 400 feet, near the State line 700 feet, and at High Tor
at not less than 850 feet. I believe these figures to be too small. A
well recently drilled at Jersey City Heights] penetrated the trap to a
depth of 364 feet, where sandstone was reached. But it is not prob-
able that this boring represents the entire thickness of the sheet, since
the upper part has been removed by erosion. My owb estimates of
the thickness near Weehawken vary from 700 to 875 feet, according
to the varyiog angle of dip.

At Fort Lee the thickness is 950 feet, estimated on the basis of a
dip of twelve degrees. Two large faults are here known to traverse
the sheet, but allowance was made for them. That the thickness is
more than the figures given by Darton is shown by the fact that &
well at Fort Lee penetrated trap rock to a depth of 875 feet, where
the metamorphosed slate was struck. The position of the well is such
as to render it probable that the thickness of the sheet is slightly
greater than this.

Under Contacts. 1. Hoboken.—A hundred yards north of the head
of Paterson street, Hoboken, the trap occurs in contact with a hard
arkose sandstone, The contact is extremely irregular, the underlying

These tigures are taken from the topographical map, not from any levelings of
my ow.

4 Darton. Loe. cit., page 44.
1 Data ~applied by P. H. & J. Conlan, Newark. The well was drilled for J. Mehl

& Co,

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 63

rock being penetrated by several tongues of trap, and a large mass of
the sandstone is inclosed in it.

2. For a mile and a half north of the above locality, the contact
is beneath the level of the salt marsh deposits or is concealed by
talus. When next exposed, the trap is seen resting upon black and
purple shale (hornfels). About fifty feet below the trap and under
the shale are beds of sandstone similar to those seen next to the trap
at the head of Paterson street.*

3. Weehawken.—At the head of West Nineteenth street, Wee-
hawken, the trap escarpment makes an abrupt turn to the east for 300
yards or more, and then resumes its northeasterly trend. The bend
is caused by the sheet breaking across underlying strata and not by
a fault. In a distance of about sixty yards, the trap can be seen to
cut downward to the east across beds ninety feet thick. The actual
contact is vigible for only a small part of this distance, but the trap
outcrops at constantly lower horizons. Angular fragments of the
glate are found in the trap near the contact, and where it reaches the
level of the street it is seen to rest upon heavy-bedded arkose. The
trap descends somewhat more than a hundred feet at this point,

4. A few yards west of the corner of West Nineteenth street and
Hackensack avenue, a mass of arkose sandstone was noted between
two layers of trap, It is traceable for thirty-five feet with a
maximum thickness of six feet, but owing to the talus its exact
relationship is not certainly known. From its irregular shape it is
probably a mass of sandstone broken off and inclosed in the trap,
lying about ten feet above the base,

5. A short distance north of this corner the trap cuts obliquely
across the heavy arkose beds in such a manner that as one goes
northward it is found to rest on higher beds.

6. Near the entrance to Highland Park, Weehawken, the trap
rests unconformably on heavy-bedded and slightly-indurated arkose
sandstones.

* Many of the facts hereafter enumerated, both for the Palisades and the other
trap areas, have been described by earlier investigaters, Cook, Russell, Davis and
Darton have contributed largely to our infermation of the trap sheets and their
relationships. In the following pages I shall describe more or less briefly all the
localities noted by me, whether or not previously reported. The facts given are
the result of my own observations even at localities previously described. To
avoid the repeated use of foot-notes I wish to acknowledge here my indebtedness to
previous writers, particularly to the sabove-mentioned geologists, for many sugges-
tions gleaned from their writings and for aid in locating important points.
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7. At King’s Point the trap escarpment makes another sudden
offset to the east. That this was due to faulting was suggested by
Davis and demonstrated by Darton. (See below, chapter on faults).
On the east side of the point along the railroad tracks is one of the
best known of all the unconformable contacts.* The main mass of
the trap ascends across the shale by successive steps, yet a stratum
three and half feet thick extends between beds of highly-altered shale
for about 100 yards until the trend of the beds carries it below the
surface, The junction of the thin layer with the main mass is very
obscurely shown, but the former is undoubtedly an offshoot from the
latter,

8. Half a mile further north and directly below El Dorado tower,
Weehawken, the trap again ascends obliquely across the shales for
twelve feet, within a hori-
zontal distance of forty-
eight feet. Here, too, a
long tongue of trap five
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Fig. 1.
Disgrammatic xketch of the trap and shale at Weehaw-
ken, beneath the El Doredo tower. The shale beneath
the tongue of trap is mostly concealed by debris,

feet thick extends from
the main mass into the
shale (Fig. 1, also Fig.
13, 4). Locally the shale
is much brecciated near
the contact.

9. At the eastern en-
trance to the West Shore

tunnel, Weehawken, the
trap rests conformably upon hard black slate, the contact being exposed
for a distance of thirty-five feet, but just before it disappears beneath
the talus, it breaks across the shales for a distance of three inches,

10, At intervals for several hundred yards north of the tunnel,
the black altered shale outcrops from ten to thirty feet beneath the
trap. Still further north a coarse heavy-bedded arkose sandstone is
found within fifteen feet of the contact. The base of the trap sheet
has changed its horizon once more, although the unconformity is not
exposed.

At Guttenberg a trap dike four and a half feet wide is visible in
the arkose beds thirty feet beneath the main mass. It is probably an
offshoot from above, but this cannot be demonstrated.

* Described by Russell, 1880; Cook, 1882; Davis, 1883; Darton, 1890.
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11. At the south end of Lane & Son’s quarry, south of Bull’a
Ferry, the trap rests conformably upon the somewhat indurated
arkose sandstone, The exposure is not a long one,

12. Half a mile further north, in the southern part of Shady Side,
it rests unconformably upon shale and sandstone, ascending north-
ward about eight feet in fifty. TFour or five feet below the main
sheet there is a masg of trap within the shales, probably the cross-
section of an offshoot from the overlying sheet. Although partially
obscured by talus, no hesitation is felt in asserting that it is not a
bowlder, It is clearly intruded into the shale.

13. At the eastern entrance to the New York, Susquehanna and
Western tunnel the contact is conformable. The same relationship is
shown along the road just north of the tunnel entrance. Hand
specimens showing the two rocks welded together can be obtained
without difficulty. At this locality, also, there are interesting cases
of faulting which will be referred to later.

14, Just north of the power-house of the Bergen County Tractiom
Company, Undercliff, there is a fine exposure of indurated arkose
sandstone and red shale. The latter is the more altered of the two,
various tints of purple and red being present. The rock has the
peculiar shades often seen on kiln-burnt stones. During the build-
ing of the electric railway the contact was exposed near here. The
trap cuts vertically across six or eight feet of shales, above which it
extends conformably to the bedding. A thin tongue of trap extends
from the main mass for a distance of ten feet between two beds of
siate. Highly-indurated shale immediately underlies the trap and
is succeeded downward by alternating beds of metamorphosed shale
and arkose.

15, Near the water's edge at Fort Lee good exposures of altered
rock are found. It is arkose sandstome, containing thin lenticular
layers of vari-colored shale, which is so indurated as to closely
resemble jasper. In color it presents the various shades of red and
purple common to a kiln of fired brick. The whole aspect of the
rock is indieative of a former high temperature, Nowhere has this
aspect been observed in the Newark rocks except in the case of
beds near certain trap sheets, particularly along the base of the
Palisades. An obscure exposure along the public road just west
of the Bluff Point Hote! shows the trap breaking across the edges

5
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of the shale and arkose. The exact relations are not clear, but the
fact that the two are not conformable is beyond all dispute.

16. For a mile above Fort Lee the talus hides the contact, but a
ghort distance above Carpenter Bros.’ quarry, under the cliff at Lin-
wood, there is a fine exposure. The relations are best brought out by
the accompanying diagram, (Fig. 2). The contact is an extremely
irregnlar one, breaking across the beds in a most complex manner.
Narrow tongues of trap extend into the seams between the beds of
shale, A mass of shale and sandstone sixty feet long and ten feet
wide is entirely incloged in the trap, as is also & small piece of sand-

Fig. 2,

Diagrammatic sketch of the contact of the trap and underlying shale at
the base of the ¢liff at Linwood, on the Palisades,

stone near it. Frequently along the contact the sedimentary beds
are shattered and the laminse much contorted. Elsewhere the black,
highly-altered shale (hornfels) is welded to the trap so closely that
only the most painstaking examination can separate the two. The
gketch fails to bring out the minute complications where the trap
breake across the beds, the rocks frequently being so intricately
interlocked that exact reproduction on a small scale is impossible.
Beneath the trap the altered sediments are exposed continuously
where a stream has washed away the talus for twenty-five or thirty
feet further. Apart from a preponderance of secondary minerals and a
mottled-green segregation (kalk-silicate hornfels) in the beds near
the trap, there is no marked difference in the amount of meta-
morphism of any bed exposed. A rough climb along a poor path
through the thick bushes and over the talus blocks is necessary to
reach this exposure, but when found it is one of the most significant
along the entire length of the Palisades.
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17. Southeast of Englewood a road winds its way down the face
of the cliff. Aloog this road just south of a stone school-house the
contact is exposed. Here the trap rests on arkose sandstone and cuts
obliquely across the beds, ascending four feet in a distance north-
ward of twelve feet. Bedding planes in the sandstone terminate
abruptly against the trap, (Fig. 3).

18. Just back of the school-house the contact is conformable,

19. At Brown & Fleming’s quarry, a mile further north, the blast-
ing has exposed the base of the trap for a distance of fifty yards.
The contact is difficult of access owing to the steepness of the slope
below. Although following the beds pretty closely the trap appar-
ently descends ten feet northward within the distance seen. The

/0 Feet

Under contaet of the trap and arkose sandstone, east of Englewood.

metamorphosed beds beneath present a great variety of types, inclu-
ding jaspery black slate more or less mottled, greenish-black slate
(bornfels and kalk-silicate hornfels), quartzite and arkose sand-
stone, which in appearance closely resembles granite, some secondary
fibrous green hornblende being present,

The contact is not exposed near Huyler’s Landing nor at Alpine,
although st the latter place, arkose sandstone altered to a quartzite
and indurated black shale are visible just below the trap. Both
north and south of Alpine the talus extends above the base of the
trap and ig thickly grown with brush and trees, so that the opportu-
nities for observing the contacts are wanting. The trap sheet has
not been examined north of the State line,

Summary.—Nineteen localities have been cited where the under
contact is visible, At fifteen of these the trap certainly crosses the
beds from one horizon to another at some part of the exposure,
although it may follow a bedding plane for a part of the distance.
At three localities the trap is to all appearances perfectly conform-
able with the shales; but at only one of these three is the exposure
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more than a few feet in length. At one locality (Brown & Flem-
ing’s quarry) the trap seems to cross the sedimentary beds, but owing
to the steep approach, which prevents careful examination, the
question may be regarded as an open one. At every contact the
shale is highly metamorphosed, not only next to the trap, but often at
a distance of over a hundred feet vertically from it. The arkose
sandstone layers are less affected, but they have not escaped indura-
tion. In by far the greater number of cases the trap ascends to
higher horizons nerthward, so that its position at the State line is
much above its horizon at Bergen Point,

The irregularities of the under surface of the trap, its constant
shifting from one horizon to another, the tongues or offshoots from
the main mass, the angular masses of the shale broken off by the
trap and included in its basal portion, and the intense and far-reach-
ing metamorphism which has everywhere affected the underlying
beds to depths of over a hundred feet, all can be readily explained on
the hypothesis that the trap was forced into its present position
between the sedimentary rocks in a molten condition, and that it did
not come to the surface and overflow. The vast erosion which has
taken place during the millions of years since the intrusion, has
removed the overlying shales and sandstones, thus bringing the sur-
face down to the level of the solidified lava sheet. Not only do all
the phenomens observed along the base of the sheet support this
hypothesis and none oppose it, but the facts observed along the
western or upper side are in harmony with it, and the textare of the
trap itself is explained by it. These will now he considered.

Upper Contacts.—1. Between Bergen Point and Schuetzen Park’
(Homestead station) the trap is frequently exposed at tidal level, but
the overlying shales do not appear. A few hundred yards south of
Homestead station there is an old quarry in which highly-meta-
morphosed overlying shales are seen at intervals in contact with the
trap for fifty feet. The position of the shales is abnormal, strike
N. 30° W., dip 66° 8. W., and the contact is approximately parallel
to the strike, but there are local irregularities. In places thin off-
ghoots of the trap two inches or less in diameter are intruded for
short distances into the overlying shale. Locally the contact zone is
twelve to eighteen inches wide. There is not the slightest suggestion
of amygdaloidal or scoriaceous structure in the trap near the contact
nor sny trace of waterworn particles of trap in the overlying shale,
such as might occur on the back of an overflow sheet,
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A few rods to the north the boundary makes an abrupt turn to the
east for half a mile, and arkose sandstone is found outcropping near
the trap along the road high up on the side of the hill ; thence north-
ward to the West S8hore tunnel the boundary is parallel to the trend of
the shale and of the ridge. This abrupt eastward bend indicates
either a descent to a lower horizon or a fault with down-throw on the
east. There is nothing in the topography to favor the latter hypo-
thesis. It is more probable that the trap breaks across the beds to a
lower horizon to correspond to the sharp descent noted on the under-
surface at the “ observatory,” Weehawken, (See 3, p. 63).

2, At the West Shore tunnel, however, the trap turns westward
again and riges to a higher horizon. Just west of the entrance it is
shown in contact with arkose
sandstone, which has a strike
of N, 40° to 45° E., and a
dip 16° N. W. The trap
crosses both the strike and
dip of the sandstone very
obliquely, the plane of con-
tact striking N. 25° W, and
dip 65° 8, W. The accom-
panying diagram (Fig, 4)
indicates the relations as
viewed from above. Near
the contact both the trap Fig. 4.
aud sandstone are much de- 9 o b ant renng oo e s
composed. Darton, how-
ever, reports finding & welded contact here, which is proof that it is
not due to faulting.

3. The contact is again exposed just within the western entrance of
the New York, Susquehanna and Western tunnel. Here the indar-
ated sandstone dips 9° westward, whereas the upper surface of the
trap dips 18° westward. The contact is clearly shown in the side of
the tunnel and there is no possibility of error in the observation. On
the north side of the tunnel wall, near the level of the track, and
about fifty feet from the entrance, two narrow dikes of trap, one six
inches, the other varying]from four to ten inches in thickness, pene-
trate the overlying sandstone for two and four feet, respectively.
They extend nearly parallel to the upper surface of the sheet and
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within two feet of it. Their contact with the sandstone is a welded
one, and hand specimens can readily be secured, showing the two
rocks in contact. Miecroscopic study has made clear the nature of the
rock beyond doubt. Both dikes can be traced to within a few inches
of the main sheet, so that there is no doubt as to their connec-
tion with it. The importance of these offshoots into the overlying
beds in their bearing on the origin of the trap sheet is manifest. Clearly
in an overflow sheet there could be no dikes extending into the over-
lying beds, since the latter wonld not exist at the time of the overflow.
About ninety feet of interbedded shales and sandstones are exposed
above the trap in this cut, the topmost beds being to all appearances a8
thoronghly metamorphosed as those next to the trap, and the total
thickness of the altered beds is even greater than this.

4, In the woods half a mile northeast of Ridgefield the metamor-
phosed shales are exposed in the bed of a small brook. A few rods
distant there is a broad exposure of the smooth upper surface of the
trap, the dip and strike of which agree exactly with those of the shale.
The trap to all appearances passes conformably beneath the metamor-
phosed shale,

5. Along Riley avenue, Leonia (Fig. 15, 4), thin patches of
intensely metamorphosed shale are found resting upon the trap, which
is apparently nearly conformable to the beddiny. Microscopic exami-
pation of a slide cut at right angles to the contact shows that the
latter s in general a sharply-marked, straight or gently-undulatory
line. At one point, however, a mass of the altered shale projects
downward into the trap. Near this projection a small bit of the shale
is included in the trap. For a distance of at least three-fourths of an
inch the ground-mass of the trap is very fine grained and inoloses
phenocrysts of feldspar and aagite. Next to the contact the ground-
mass and the phenocrysts have been somewhat altered. At a distance
of one and a half inches the trap is distinctly holocrystalline.

6. The top of the trap and the metamorphosed shale are exposed
within twelve feet of each other, in the bed of a brook half a mile
northwest of Linwood (Fig. 15, B). The dip of each is the same,
ten to twelve degrees westerly; the slope of the hill is nearly the
same. The impression gained by sighting along the trap is that it
cannot pass beneath the shale without au increase of dip, and in this
event it must be unconformable. This question is, however, an open
one.
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7. The altered shale and sandstone are again exposed near the trap
along the brook half a mile or more east of Nordhoff (Fig. 15, C).
Here, also, the trap surface has the same dip as the shales and appar-
ently passes beneath them. There are fine exposures of the metamor-
phosed shales along this brook.

8. Along still another stream a little northeast of the above (Fig.
15, D) the trap surface is exposed, but here it does not present the
smooth, gently-dipping character noted at the localities just cited. It
is much broken by vertical joints which trend N, 30° E. The shale
is not exposed near the trap, but it is buried by bowlders in the
stream bed. It is questionable whether the shale could rise regularly
along the dip and overlap conformably the trap where they would
come in contact, It is quite possible that the abrupt termination of
the trap and its jointed condition may be due to a sudden steepening
of the dip at this place.

9. Three-fourths of a mile southeast of Tenafly the green jaspery
shale is exposed along the bed of a brook, within thirty feet of the
trap. The trap surface apparently passes conformably beneath it at
an angle of 14°. At no points further north did I find the shale in
contact with the trap.

Summary.—The actual contact of the overlying shale and trap has
been observed at four places (1, 2, 3, 5). At two of these (1, 3} small
dikes were found extending into the shale for distances up to four
feet. At two localities (2, 3) the contact as a whole was not parallel
to the shales, but crossed the beds. A microscopic study of slides
from one locality (5) showed a bit of the sandstone included in the
trap near the contact. At two localities (1, 5) the trap and shale were
not markedly unconformable. In addition to these, five other places
were visited where the shale and trap were observed close to each
other, but not actually in contact. At four of these the weight of
evidence favored the view that the contacts are conformable; at one
it is apparently unconformable. In every instance the beds near the
trap are much metamorphosed, to a thickness, in ore case at least, far
exceeding ninety feet. In addition to the nine localities just sum-
marized the general outline of the trap north of Schuetzen Park indi-
cates an abrupt change to a lower horizon. In no single instance
were any of the phenomena observed which are typical of an overflow
sheet. Nowhere, from Bergen Point to the State line, is the trap
known to be vesicular, or scoriaceous, or amygdaloidal, or to have a
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ropy surface. In view of all these facts, many of which have been
noted by earlier observers, the intrusive origin of this trap sheet
can scarcely be called in question, certainly not by anyone familiar
with the facts of the case.

Darton has stated that the trap ascended to its present horizon in
the shales through a steeply-inclined dike which follows at or near the
western edge of the ridge. The steep dip of the trap at the west end
of the West Shore tunnel, Weehawken, is supposed to be due to the
dike. At several points the topography of the western side of the
ridge is suggestive of such a relationship. The evidence in New Jer-
sey is not, however, as conclusive of this hypothesie as one might
wish.

Tezture and Composition.—On the whole the trap is coarse grained.
Near the contact it is fine grained or occasionally slightly glassy, but
the crystals rapidly increase in size within a few feet of the ahale,
Where coarsest, thin tabular crystals of feldspar, two or three-eighths
of an inch in length, occur. Usually they are smaller, Compared
with the trap of sheets which are known to ba overflows, the texture
is much the coarser throughout. These facts accord with the condition
of origin indicated by the structural relations. The coarseness of grain
indicates a slower rate of cooling than would have prevailed in an
overflow sheet.

At a number of points at intervals of many miles a marked zone
of deeply-weathered rock was observed between the dense and firm
trap. It occurs in the cliff at Alpine, southeast of Englewood, at
several points north of Fort Lee, opposite the public school at Weehaw-
ken and at several other points as far south as the Delaware, Lacka-
wanna and Western railroad. This zone is from fifteen to twenty
feet wide and occurs from forty to sixty feet above the base of the
sheet, being apparently everywhere at about the same horizon. In
all probability it occurs at many points where it was not observed.

The rock is probably of different mineralogical or chemical compo-
sition along this zone, but the exact differences are as yet unknown.

Andreae and Ozann have made extensive microscopic studies of the
trap. Both in its mineralogical composition and structure it is a
quariz-bearing hypersthene diabase, composed essentially of plagio-
clase, monoclinic pyroxene (augite) and hypersthene, while a dark,
reddish-brown mica, quartz and opaque minerals occar in very
subordinate quantities. Ophitic structure is typically developed, but
sometimes gives way to a porphyritic structure,
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Within a distance of one or two centimeters of the under contact the
structure is completely porphyritic, & few larger pyroxene and feld-
apar phenocrysts appearing in sharp relief from the very dense
ground-mass. The amount of biotite is greater, and instead of the
hypersthene, olivine occurs which is often altered to serpentine.*

The faults by which the Palisade ridge has been traversed will be
considered later.

Granton Trap.—North of Granton station there is a small trap
hill which presents some interesting featares, The rock is exposed
at the northern end in two quarries. At the one nearer the highway
(eastern) the following section is exposed, beginning at the top:

1. Trap, 20 feet or more.

2, Arkose sandstone, 6 to 7 feet.

3, Trap, 10 to 12 feet.’

4, Indurated green and black shale, 30 feet.

The contact of the upper trap and the arkose sandstone is obscured,
but the two are apparently not quite conformable. The under trap
is not quite conformable either to the arkose sandstone above or the
metamorphosed shale below.

At the other quarry only one mass of trap is seen, The dike by
which it ascended vertically across the beds was exposed at the time
of my visit, as was algo the place where it spread out as a sheet along
one layer. A small fault, with throw of about twenty feet, apparently
separates the rock in the two quarries.

Along the western margin of the area the trap plunges steeply below
the swamp level, apparently descending at a steeper angle than the
dip of the shales. Near the southern end of the railroad cut a small
patch of overlying shales very much metamorphosed was found. Its
length is not more than thirty feet and its maximum thickness is five
feet. The contact is unconformable to the bedding of the shale. At
F. J. Marley’s quarry, a few rods further south, the under contact is
shown. Locally the trap breaks abruptly across the shales for two
or three feet at & time and extends parallel to the bedding for forty or
fifty feet. Till obscures much of the eastern face of the trap mass.
The sheet or sheets are clearly intrusive in origin. At the south end the
maximum thickness is hardly more than seventy-five feet. This trap
is 8o close to the Palisade sheet that it is probably an offshoot from it,

# Andrese and Osann: Tiefencontacte an den intrusiven Diabasen von New Jersey.
Separat-Abdruck aus den Verhandlungen des Naturhist.-Med. Vereins. zu Heidel-
berg. N, F. V. Bd. 1. Heft.
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Snake Hills—Two rocky hills rise above the level of the meadows
between Hoboken and the Hackensack river. The smaller is entirely
of trap, and its structural relations are unknown, The larger is
mainly of trap flanked with shale and drift. Its maximum height is
203 feet. Quarries in the north, west and south sides give good
exposures. Metamorphosed shale and sandstone outcrop at the
northern end of the Penitentiary quarry, In the main part of the
quarry a nearly vertical face of trap is seen, against which the shale
formerly abutted. Traces of what seems to be a fault breceia together
with slickensides occur along this face, but Darton, who studied the
locality before the shale was so completely cleared away, makes no
mention of fanlting here. i

In the quarry at the southwest corner of the hill, there is strong
evidence of a small fault which has separated a low knob of trap
from the main mass. In the old railroad cut at the south end of the
hill metamorphosed shales are found underlying the trap. The latter
appears to have ascended vertically at the dike on the west side and
then spread for a short distance between the shales. That it is intru-
sive is indicated by its texture, which is coarse and not vesicular, and
by the metamorphism of the shale. Earlier observers have assumed
that both the trap masses are offshoots from the Palisade sheet,
There is no direct evidence either fov or against this supposition.

Rocky Hill Trap,—Reasons for considering this sheet intrusive were
given in the Aonual Report for 1896 (p. 62). The sheet crosses the shales
obliquely from a horizon well above the base of the Brunswick beds
down into the Lockatong series. The shale near it is everywhere con-
siderably metamorphosed, 80 as to resemble closely the altered shales
near the Palisades. There are some reasons for believing that these
two sheets are one and the same, the connecting part being buried
beneath Cretaceous beds. If this is the case, the Palisade-Rocky hill
sheet ranges through sall three members of the sedimentary series.
Near Hopewell it is high in the Brunswick shales; east of Princeton
it passes down into the Lockatong beds, and from Hoboken north-
ward it ascends slowly through various layers of the Stockton series.

Sourland Mountain.—Conclusive proof of the intrusive origin of
this sheet was cited by me last year. Three large dikes penetrate
the overlying shales for distances up to seven miles, as measured on
the surface. Moreover, metamorphosed shales are found near the
trap, which was proven to cross the strata from the Brumswick beds
into the Lockatong series,
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Bald Pate Mountain and Pennington Mountain.—These two trap
masses lie between the Delaware river and the end of Rocky hill,
near Hopewell. No conclusive evidence was found here, but they are
believed to be intrasive for the following reasons: (a) Their irregular
shape does not favor the supposition that they are conformable to the
ghales, (b} Although in places the shales appear conformable, yet
many other outcrops were found where the strike of the shales was
clearly unconformable to the trap. Unfortunately the outerops were
not 8o near the trap as to settle this point conclusively. (c) The shales
near the trap are altered in color, texture, and in the development of
secondary minerals. Similar shales occur near those sheets which have
been proved to be intrusive. (d) The neighboring shales are in some
cases contorted and crushed as would naturally be the case where they
had been crowded aside by the intrusion of the molten rock, (e} The
texture of the trap is coarse, resembling that of the intrusive sheets,
and never scoriaceous or amygdaloidal, as is often the case with extru-
give cheets. In view of these considerations I entertain no doubt as
to the intrusive origin of these traps.

Belle mountain, between Bald Pate and Sourland mountain, and
Mt. Gilboa, north of Lambertville, are in all probability intrusive,
for reasons similar to those urged above. Several trap dikes were
found in the vicinity of Gilboa, although in no case was it possible to
make out their direct connection with it.

Point Pleasant.—The trap mass at Point Pleasant is intrusive.
About 500 feet south of Byram station the contact of the argillite
with the trap is well ex- AU HRERE
posed. The shales dip I —i_l"'d”f.";l‘i\‘,-.; ‘] " f\“,: *l 4
12° northward, whereas : AR U AT
the contact dips 40° ’ :
south, Near the irap

the shales are somewhat Fig. 5.

Diagrammatic section of the eontact of trap and argillite
crUShed’ Bheared and at Byram, N, J. (Point Pleasant),

alightly reversed in dip,
but they are absolutely and completely unconformable, and there can
be no doubt but that this unconformity has been caused by the irregu-
lar intrusion of the trap. The accompanying diagrammatic sketch
(Fig. 5) illustrates the relationship.

Cushetunk Mountain.—The crescent or horseshoe form of this
monntain, between whose curving flanks lies the picturesque Round
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valley, is certainly striking, The facts indicate quite clearly that this
trap mass is introsive in origin, and that the curving outline is not
due, primarily, at least, to an anticlinal or synclinal fold in the shales,
but to the curving fractare through which the trap has come. The
outline of the trap, as given on all maps heretofore published, has
been incorrect. Instead of the broad area of trap on the southwest
limb of the crescent, a belt of hard, black and purplish shale from
half to three-quarters of a mile in width extends north from Stanton
to Prescott brook. To the west of this shale there is a strip of trap a
quarter of a mile wide and a mile and a half long, separated by it
from the main mass of the trap.

I am at present by no means certain whether this hard, black shale
is the red shale metamorphosed by its proximity to the two trap
masges, as may well be the case, or whether it is a part of the Locka-
tong series brought into this position by some complication of the
structure. The latter is obscure in this vicinity and outcrops are too
few and far between to permit any positive assertions on this point.
The former view, on the whole, seems more probable from the char-
acter of the rock itself.

No doubt, however, is held as to the intrusive origin of the trap
sheets. (a) The trap masses, when examined both in detail and in
their general relationships, are found to be unconformable to the
shales. (b) Apart from the doubtful shales just mentioned, there are
others, which have been mnmistakably altered in color, hardnesa and
in the production of new minerals. The extent to which the altera-
tion has taken place is roughly proportional to the width of the trap.
(¢) The trap, so far as seen, is always coarse, even very near the
contacts,. Nowhere was scoriaceous or vesicular rock found. The
evidence strongly favors the supposition that it cooled slowly at con-
siderable depths, and never reached the surface. A small dike was
found near the end of the southern arm of the curve, but its connec-
tion with the main mass could not be established.

The rock of Round mountain, just south of Cushetunk, is similar
to that of the former, and the surrounding shales, so far as they could
be seen, were somewhat altered. The intrusive origin of this sheet is
probable, but not conclusively demonstrable.

Watchung Mounlains.—~The trap ridges extending from Bedmin-
ster and Somerville to Oakland and Darlington are known as the
Watchung or Orange mountains, They are sometimes called First,
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Seccnd and Third mountain, beginning with the outermost or eastern
one, They extend in long crescentic curves in a general southwest-
northeast direction, They uniformly have a steep, locally-precipitous
slope toward the outer side of the curve, i. e., to the southeast and east,
and a longer gentle slope in the opposite direction. The most cursory
examination serves to show that this ia due to the inclination of the
trap sheets, the bard outcropping edges of which form the steep
slopes.

At first sight they appear to resemble somewhat closely the Pali-
sade trap ridge, but closer examination of the structural relations
showa a marked difference, These sheets are to all appearances
strictly conformable, both to the underlying and to the overlying
shales. Nowhere is there any indication that the trap breaks across
the sandstone or shale layers, Wherever the basal contact is exposed,
and exposures several hundred feet in extent are known, the trap is
seen to follow exactly the bedding plane of the shales,

Moreover, the extensive metamorphism of the associated sedimen-
tary beds, so marked a feature in the case of all the sheets enumerated
above, is entirely absent. Locally, the shale is slightly altered for a
few inches beneath the trap, but this is not always the case. So far
as observed, the underlying shales are never metamorphosed to a
depth exceeding four feet. When this is compared with the intense
alteration which has affected the shales beneath the Palisades for a
distance of over 100 feet, the difference between the sheets is
emphasized. :

Upper contacts have not been observed in many cases, but the
upper surface of these sheets is frequently vesicular, amygdaloidal
and scoriaceous, Loeally, a thin layer of waterworn trap particles,
intermixed with red mud occurs between the vesicular trap and the
uoaltered typical red shales. The overlying shales conform to the
slightly irregular, ropy surface of the trap. In frequent exposures the
rolling-flow structure named by the Hawaiian Islanders Pa-hoe-hoe
is visible. Nowhere have any tongues of lava been found extending
from the main sheet into the neighboring shales,

In texture there is a marked difference between the sheets, Not
ouly is the trap vesicular and even scoriaceous at many points on the
upper surface, but it is uniformly of much finer grain than that of the
Palisades and similar ridges. Microscopic examination of fragments
from the upper surface shows that volcanic glass occars in consider-
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able quantities, The conclusions drawn from the texture are that
these masses cooled much more rapidly than did the Palisades trap.
Locally, vesicular and scoriaceous layers occur next to the under
shales, beneath dense fine-grained trap. (lenerally in such localities
the rolling-flow structure is clearly marked. The inference from these
facts is that as the lava flowed along the partially-cooled vesicular upper
surface was rolled over to the under side of the flow. Nothing of
this sort was observed in any of the sheets considered intrusive.

In view of all these facts, thus briefly summarized, these three
masses are regarded as overflow, or extrusive sheets, The fact that
sheets so diverse as the Palisades and the Watchung ridges occur in
the same district gives excellent opportunity for comparison, and the
contrasts themselves furnish the strongest argument for the intrusive
origin of some and the extrusive origin of the others.

8ince these trap sheets are conformable to the sedimentary beds, it
follows that the crescentic curves, so marked a feature in the case of
these ridges, is due to gentle flexures or folds in the shales, The most
marked of these is a broad, shallow, basin-shaped syncline, whose
major axis extends mortheast from a point between Bomerville and
Plockamin. The western side of the basin has been cut off by & fault
along the crystalline border. Since the traps are conformable mem-
bers of the series, they are valuable guides in interpreting the structure
of the region, the details of which will be considered below.

The genersl relations of these sheets having been indicated, the
varions localities where the significant phenomena are shown may
now be described.

First Mountain.—This ridge extends from Pluckamin to Darling-
ton, a distance of nearly fifty miles, as measured along the ridge, At
two points, Millburn and Paterson, it is cut by wide, deep gaps.
Well-borings show that at Millburn the bottom of the gap in the
rock is below sea-level, but it is now partially filled with 150 to 250
feet of glacial drift. At Paterson the gap is nearly two miles in
width. Through this opening the Passaic escapes from the back
country, having an elevation of 110 feet at the head of falls, where it
plunges over the hard trap ledge. The general floor of the gap,
however, has an elevation (170 feet) somewhat greater than that of
the river,

At other points the ridge is cut by depressions of varying width
and depth, the largest of which is at Crystal lake, but none equal the
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two just mentioned. Apart from these gaps which cut the ridge
sharply and have steep sides, the crest line is remarkably even, Its
average elevation southwest of the Millburn gap is 480 to 500 feet,
with extremes of 388 and 589 feet. Between Millburn and Paterson,
its average elevation is nearly 600 feet, with 8 maximum of 665 feet,
northwest of Montclair, North of Paterson the range is greater,
from 429 feet to 752 feet, the maximum height being reached a mile
and a half south of its northern terminus.

With the exception of a short distance between Upper Montelair
and Paterson, and also near its northern end, the ridge has a single
well-defined crest. At the intervals noted the crest is double, a fact
due in the former case certainly to faulting.

Under Contaots.—At the American Copper Mining Company’s
shaft, about three miles north of Somerville, a drift has been opened
along the contact for over 800 feet. The under surface of the trap is
gently wavy, but is strictly conformable to the shales which dip
twelve to fifteen degrees northeastward. Beneath the trap the shale is
somewhat altered for a depth of two feet, but this alteration is not in
the natare of induration or baking. It is more or less impregnated with
copper ores, the red oxide and carbonate being the most common,

The shale is normally a dark reddish brown, grading upward near
the trap into a rather soft, porous, vesicular, purple shale. The
changes are probably due to chemical reaction set up by water perco-
lating along the contact of the two rocks, one consequence of which
has been the deposition of the copper ores. The trap near the shale is
generally firm, fine-grained and dense. The ropy structure is some-
times seen. A small fault trending about northesst, i, e., at right
angles to the dip, was noted at one point in the mine. The upthrow,
which was on the south, was between four and six feet,

2. At Haelig’s quarry, directly opposite Chimney Rock, Bound
Brook, an obscure exposure of the contact was found in 1895. Above
the contact the trap shows concentric weathering, and the lower foot
or two is slightly amygdaloidal. Next to the trap the shale is slightly
indurated and a greyish purple, Four feet below the trap soft
argillaceous red shale occurs entirely unaltered. No effects of the
trap upon the shale can be discerned at a greater distance than about
three feet.

3. At Smalley Bros.’ quarry, Plainfield, the trap rests upon a sandy
shale, which is purple in color to a depth of a foot from the contact.
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Next to the shale the trap is vesicular, scoriaceous and ropy. The
contact line is slightly sinuous, the red shale extending up between the

- rolls of trap. Evidently as the trap rolled along, its weight forced

the soft mud up into the inequalities of the under surface.

4, At Wahl & Hatfield’s quarry, Scotch Plains, the actual con-
tact was not exposed at the time of my visit, but the unaltered sandy
shale was found a few feet below the trap. Future excavations may
lay bare the contact plane, From this point northward to Upper
Montclair there are no localities where the contact can be stndied or
where the trap and shale occur within a few feet of each other,

5. At the Osborne & Marsellis quarry, Upper Montclair, the under
contact is beautifully shown. The trap follows the undulating sur-
face of the shale, which is usnally not altered at all, even at the very
contact, Locally, it is somewhat indurated, but not changed in color.
For twelve to eighteen feet above the base the trap is vesicular and
deeply decomposed, the most scoriaceons bed being in part next to the
sandstone and in part several feet above the contact. The lower trap
presents clear evidence of flowage in the more or less ropy structure.
In an old quarry, a few rods to the south, this same disintegrated
vesicular trap underlying firm, dense rock is well shown, but the
actual contact with the sandstone is not now exposed.

The best exposures are those found in the various quarries at Pater-
son, where the contact is shown for a total distance of several hundred
yards.

6. At Devlin’s quarry, on the east face of Garrett Rock, the con-
tact is exposed for between 100 and 200 yards, It is inaccessible and
so cannot be examined in detail, but so far as seen from below it is
absolutely conformable to the sandstone. The trap next to the con-
tact is somewhat disintegrated, whereas the underlying shale is not
altered at all, certainly not for more than a few inches.

7. At Pope’s quarry, a few rods north, conformable contact is
again shown, the trap resting upon soft red shale, which is but
alightly altered to a depth of a few inches. The contact is not
readily accessible.

8. Around the end of Garrett Rock, to the west, the dip of the
shales brings the contact to the level of the railroad tracks, where it
can be carefully examined, (Fig. 16). It is abeolutely conformable to
the shales, which are unaltered save for two inches or less immediately
adjoining the trap. Just above the contact the latter is filled with
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calcite amygdules for a distance of eight inches, For a thickness of
one and a half feet the trap weathers into botryoidal masses, above
which the columnar structure is well marked. An interesting case of
faulting occurs here, which will be described later,

9. At McKiernan & Bergin’s quarry, Paterson, constant quarrying
keeps the contact freshly exposed. The trap is conformable to the
underlying sandstone, which is unaltered, save for a slight induration
and change of color immediately at the junction. Above the sand-
stone the trap forms massive layers for a distance of twelve or fifteen
feet, above which the basaltic columnar stracture is developed. The
bedded structure is due to joint planes parallel to the under surface of
the trap, not to successive flows, of which there is no indication. The
same “bedded” trap is well exposed in the high bloff on the west
bank of the river, under the soldiers’ monument. Locally, it is
vesicular for a few inches next to the sandstone.

10. At the Ryle avenue quarry and along the left bank of the river
for several hundred yards the trap can be seen to rest conformably
npon the slightly-undulating beds of sandstone. Here also amygda-
loidal rock oceurs for a foot or so above the contact, and is sncceeded -
by fine-grained dense layers, in which the large columnar structure is
locally well developed. Below the contact the sandstone is friable
and unindurated, although its color is somewhat darker at the im-
mediate junction.

North of Paterson the sandstone is nowhere exposed near the trap,
No facts, however, were noted which would indicate contact phe-
nomena other than those just described.

Upper Surface—Upper contacts are not frequent, although the
overlying shale was found at a number of places not far removed
from the trap. Nowhere along the whole length of the sheet were
there found the slightest traces of metamorphism in the shale, The
upper surface of the trap is frequently vesicular and amygdaloidal,
very different from the upper surface of the intrusive sheets,

At the Field copper mine, near Warrenville, the shaft was sunk
through the shales upon the trap. On the dump-pile are fragments
of green, grey aud black carbonaceous shale, but no traces of metameo-
phosed beds. Scoriaceous and amygdaloidal trap occurs, so full of
vesicles as to be fairly honeycombed with them., Flattened stems of
trees were noted here in the black shale, and good specimens of fossil

fish have been found here. 6
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At Feltville (Glenside Park) is the well-known upper contact,
described by Russell,* Davis t and Darton. {

The contact occurs along a small brook a few hundred yards north-
east of the row of cottages on the bluff. At the entrance to the ravine
green and brown micaceons shales occur. A few yards further up
the stream (lower geologically) the ropy scoriaceous trap is first seen
in the bed of the brook and then upon the bank with soft red shales
just above it. The actual contact, however, is obscured by rubbish.
The trap is deeply disintegrated and has something of a stratified
appearance, due probably to the weathering. Continuing up the
stream the shale is again found at the water’s edge on the north side
of the brook, but trap is seen on the south. The descent of the con-
tact line is in part apparent, due to the course of the stream, but in
part really due to the uneven, rolling surface of the trap. A few rods
further there is a small excavation in the bank, an abandoned mine
adit. Here there is a trap and shale conglomerate of very irregular
thickness overlying the trap and extending downward into the spaces
between the rolls or bosses of its surfaces. In one case a narrow
tongue of the conglomerate extends downward two feet between rolls
of trap. In general, the trap fragments in the conglomerate are much
decomposed, but there can be no doubt as to the origin of the larger
pebbles. The largest fragments seen measured eight inches in
diameter. Microscopic examination of the conglomerate shows that
much of the trap is glassy. Traces of the conglomerate were noted in
the bed of the brook above the adit.

The surface of the trap is ropy, scoriaceous and undulates in low
domes, themselves irregular by reason of the coils and folds of
vegicular lava, The conglomerate fits itself to these inequalities of
surface, and is, therefore, of varying thickness. The greater irregu-
larities of the trap surface account for the varying dip of the imme-
diately overlying shales. Nowhere is there the slightest trace of
metamorphism in the overlying shales, but on the other hand the
evidence is most convincing that we have here the upper surface of
an overflow sheet on which there was first accumulated a true basal
conglomerate of fragments derived from the sheet itself, and after-
wards soft clayey and sandy shales,

*1. C. Russell. Am Jour. of Sci., 3d series, vol. 15, pages 277-280.
+W. M, Davis, Museum of Comp. Zobl. Bull, vol. 7, 1880-1884, pages 274-5,
1 N, H. Darton. U. 8. Geol. Burv. Bull. No. 67, page 26.
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A small patch of the overlying shale is still preserved on the
back of the trap along the road from Feltville south over the moun-
tain, No new features are presented here.

In a small ravine a few rods southwest of Feltville, the trap and
ghale are shown in close proximity, but not in actual contact. The
conglomerate was not found here, but the upper surface of the trap
is ropy, vesicular and undulatory as at the above locality, The
shales are sandy and unaltered.

For many miles north of Feltville the valley between First and
Second mountains is encumbered with glacial deposits, and there are
no exposures of the shale near the trap, In the vicinity of Paterson
the upper surface is frequently vesicular and ropy, but no contacts
were found. Near the High Point Hotel, three and a half miles
north of Paterson, the shales are exposed not far above the trap, but
careful search along a brook did not result in finding the contact.

For many miles north of High Point the back of the trap is so
thickly buried by glacial deposits that the boundary can be deter-
mined only approximately, and the shale is not known to outcrop
anywhere near the trap. That the Newark beds occar along the
Ramapo river above the trap and beneath the glacial accumnlations,
is well substantiated by borings, but nowhere do they appear on the
surface between Oakland and the State line,

Texture—In general, the trap is bluish black, very fine-grained
and dense. Where the upper surface has not been deeply eroded it
is frequently vesicular and amygdaloidal. A thin layer of amygda-
loidal;trap also occurs at many places on the under surface. The
ropy flow structure is quite common, particularly on the upper
surface, but sometimes also near the basge,

Along the gorge of the Passaic, below the falls at Paterson, the
trap is distinctly bedded in planes approximately parallel to the
underlying shales. There is, however, no evidence of successive
flows, the bedding apparently being due entirely to the joints.

Columnar structure is frequently well shown, The best examples
of this are seen in the quarries west of Orange, notably at O’ Rourke’s, *
near Lilewellyn Park, where the columns are of varying sizes up to
four feet in diameter, and display both a vertical and a radiate arrange-

* Described and pictured in the Annual Report of the State Geologist for 1834,
pages 23-33. Also, J. P. Iddings, Am. Jour. Sei., third series, vol, 31, pages
321-331, pl. 9.
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ment. Similar structures are shown at the quarry southwest of
Eagle Rock. Columns of varying sizes are displayed at many points
in the vicinity of Paterson, notably at Garrett Rock and below the
Passaic falls.

The columnar structure is caused by the shrinkage of the rock after
it had solidified from its molten condition. It still retained a great
amount of heat, and as it cooled further it contracted until it cracked
along the many lines separating the columns. The direction of the
eolumns is perpendicular to the plane of cooling, For a thorough
discussion of the mechanics of cooling and the functions of the
columnar structures, the reader is referred to Prof. Iddings’ paper
cited above.

Seoond Mountain.—This ridge is more markedly crescent-shaped
than First mountain, At its northern end, at Pompton lake, it
rises quite abruptly from the valley of the Ramapo river, on the
opposite side of which rise the high crystalline hills, here bordering
the Newark beds. It trends, first, southeast, toward Haledon, then
west of south and sonthwest to Martinsville, whence it curves north-
west to Pluckamin, and then aortheast to Bernardsville, beyond
which it apparently terminates in a small knob, on the surface some-
what separated from the main mass by heavy accumulations of drift.
The length of Second mountain is a little over forty-five miles, At
its northern and southwestern ends it borders the crystalline rocks,
from which it is separated, as will be shown later, by a fault.

In many respects it closely resembles First mountain. The outer
slope is usnally much steeper than the inner, but cliffs are by no
means so common, The average height is a little greater, its crest
generally being twenty-five to fifty feet higher, but locally it is
lower. Its maximum elevation, 879 feet, is at High mountain,
between three and four miles north of Paterson. Its continuity
is broken by a wide gap at Little Falls, through which the Passaic
river flows in a trench sunk from twenty to fifty feet below the level
floor of the gap. Borings show that there is another deep and wide
gap at Short Hills, which has been filled by the moraine nearly to
the level of the ridge on either side.

In one respect, however, this ridge differs conspicuously from First
mountain. For many miles of its course the crest is double, with a
distinet and continuous depression between the ridges, the outer one
of which is usually slightly higher than the inner, The double crest
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ia first noticeable in the latitude of Pluckamin, just south of where
the ridge recurves to the northeast towards Bernardsville. It is con-
spicuous for several miles northeast of Mount Horeb, but less so near
Murray Hill, where the inner crest is hardly more than a bench on
the flank of the higher ridge. It is distinctly traceable, however, a8
far as Summit, whence for several miles northward it is obscured by
the morainal deposits. West of the Orange reservoir, it again
becomes discernible and continuous more or less definitely to the gap
at Little Falls, beyond which it is not conspicuous, although locally
there are traces of two summits, The depression between the crests,
although in the main continuous, does not form a single valley
drained its whole length by any one stream. Brooks follow its course
for a mile or two at most, and then escape by transverse gorges to the
low ground on the east or west.

The cause of the depresslon is not far to seek. KEarlier investi-
gators have found at various places traces of red shale thrown out
from excavations and the past summer the shale was found in place
in the valley. The depression is due, therefore, to the more rapid
erosion along the line of soft chales as compared to that of the bard
trap on either side. Beveral interesting questions at once arise as to
the stratigraphical relations of these beds. Are they interbedded
shales between two layers of trap, or are they due to a fault which
conforms to a remarkable degree with the curves of the trap? The
answer to these queries may best be considered in connection with the
whole question of faults in the formation, and therefore will be
deferred for the present.

Under Contacts.—Along Mine brook, southwest of Bernardsville,
the shale is frequently exposed not far from the trap and always
trending conformably to the ridge. The base of the trap, where seen,
is slightly vesicular or amygdaloidal. Fine exposures of rock filled
with caleite amygdules the size of coarse shot are found along the road
leading southeast from Far Hills station, and the scoriaceous base of
the trap is well exposed below the falls in the ravine of the neighbor-
ing stream.

Pluckamin.—At Compton’s quarry, near Pluckamin, the under
contact is exposed for a space of ten or twelve feet. Both trap and
sandstone are much disintegrated and jointed near the contaoct, but the
evidence is clear that here at least the trap is perfectly conformable.
The lowest trap is somewhat vesicular, but it speedily becomes firm
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and dense. The sandstones have been somewhat altered in color for a
distance of three feet, but are not noticeably indurated. * Burnt”
tinta occur very close to the trap, The changes of color and signs of
metamorphism are here somewhat greater than usually present at the
under contact of the extrusive trap sheets, although they are insig-
nificant compared with that beneath the Palisades,

Liltle Falls, —At the Little Falls sandstone quarry the contact is
exposed for nearly a hundred yards, It is slightly undulatory, the
layers of shale bending down and rising in a perfectly conformable
manner with the under surface of the trap. Much of the latter
poeseases the ropy-flow structure, its thickness varying from almost
nothing to more than thirty-five feet. Locally, the dense columnar
rock is seen resting upon the ropy trap. The coils or ropes of lava
vary in diameter from one to five feet. They are dense and fine-
grained in the center, but more or less vesicular towards the cireum-
ference, and the spaces between them are filled with what appear to be
velcanic ash, Spike amygdules of calcite frequently ocour with long
diameters generally at right angles to the peripheries of the coils.

The shale is often elightly depressed below the solid masses of the
rolls, whereas between them it rises slightly and locally extends
upward a short distance between the coils. The facts find a ready
explanation on the assumption that a rather viscous lava rolled slowly
over and over in successive coils, exerting enormous pressure upon
the soft mud of the estuary bottom, which was forced up between the
rolla for short distances. The shale immediately beneath the trap is
slightly indurated for a few inches, but otherwise entirely unaltered.

Similar phenomens are shown on the line of old quarries extend-
ing along the left bank of the river for half a mile northward. Heavy
columpar trap rests upon ropy, vesicular rock along an irregular and
somewhat indefinite contact line. The ropy trap in turn rests con-
formably upon the unaltered shales and sandstones. Locally the trap -
down to the contact is columnar and not ropy. There is no sharp line
of demarkation between the two, and in one place, at least, the ropy,
georiaceous trap rests upon fifteen feet of columnar rock which over-
lies the shale. Owing to the inaccessibility of most of these outerops
(since the quarries are filled with water) it was impossible to examine
them closely enough to determine whether the material was tuff and
scoriz, overflowed and penetrated by a later lava sheet, a8 supposed by
Darton, or whether the material presents only various phases of a
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single low. In either case the phenomena are such as can only be
explained on the hypothesis of an overflow sheet.

Haledon.—At Haledon are two quarries, in both of which the con-
tact is well shown. Here, as at Little Falls, the shales beneath are
almost entirely unaltered, the contact is slightly wavy, following
exactly the bedding planes, and the trap shows both the ropy, vesicu-
lar and the columnar structure. The two are more or less closely
intermingled, dne to the rolling motion of the flowing trap, huge
masses of dense fine-grained rock being surrounded and separated
from each other by the amygdaloidal layers. North of Haledon the
glacial drift and talus conceal the contact entirely.

Upper Contacts.—At no point along the entire length of Second
mountain is it possible to find the trap and overlying shale in contact.
In the upper Passaic and Dead river valleys the shale has generally
been eroded below the level of the alluvial deposits of those streams,
North of Summit the glacial accumulations rise high on the slope
of the ridge and effectually conceal the contact, often making it ex-
tremely difficult to determine even approximately the limits of the
trap. Although the contact is not visible, the shales at a little dis-
tance above the slope are known to trend in perfect conformity with
the curves of the ridge. The upper surface of the trap is frequently
vegicular or amygdaloidal, but not so generally as the back of First
mountain, and the ropy structure is oceasionally found.

Texture.—The rock is very similar to that of First mountain.
The greater part is fine-grained and dense, blue black in color;
sometimes slightly greyish. It is, locally at least, scoriaceous and
amygdaloidal at its base and probably more generally so at its upper
surface. The columnar structure, although generally not so well dis-
played as in First mountain, occurs, being probably best seen at
Little Falls and at a small quarry about two miles south of there,
Very frequently the rock is broken into small wedge-shaped frag-
ments by innumerable joint planes, three inches to a foot apart.

The conformability of this trap sheet with the sandstones, the
absence of contact metamorphism, so far as contacts have been seen,
the vesicular and scoriaceous character of both the upper and under
surface and the ropy-flow structure, all indicate its extrusive charac-
ter. This conclusion is opposed to that held by some earlier
workers * on the survey, but is in accord with the views of other
investigators.}

*Cook, Wason, T Davis, Darton,
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Third Mountain.—Above the trap sheet forming Second moun-
taio, and separated from it by a considerable thickness of shale, there
are several masses, which are probably all parts of a eingle sheet,
although this cannot be demonstrated. The outeropping edge of the
largest forms Long hill, extending from Chatham to Basking Ridge.
Riker’s hill, west of Livingston, Towakhow or Hook mountain,
extending from Pine Brook to Mountain View, and Packanack
mountain, from Mountain View to Pompton, are the others. The
third sheet is considerably thinner than either of the others, and conse-
quently the ridges are less conspicuous topographically. The eastern
slopes are generally much steeper than the western, but cliffs and
ledges are in the main wanting, or are low and inconspicuous, The
underlying shale usually extends high up the eastern face, ofien
nearly to the crest of the ridges, but the contact is generally obscured
by talus or glacial drift. Their average elevation is about 450 feet
above tide, and from 200 to 300 feet above their surroundings. So
far as can be determined, the trap is conformable to the shales both
above and below. The latter have not been metamor phosed. The
upper surface of the trap is frequently vesicular, and it is fine-grained
and dense in texture. Physically it resembles the rock of the other
sheets, Although the evidence is not so complete as in the case of
First mountain, no doubt is held as to the extrusive origin of these
ridges.

Long Hill.—The northward turn of the trap, between Liberty
Corner and Basking Ridge, is due to & flexure in the shales, the same
synclinal fold which causes the bends in the outer ridges. At only
one point was the trap found in contact with the underlying shale.
At Millington, 400 yards west of the station, a conformable contact
is obseurely shown for a distance of fifty feet, The shale is unaltered
save to a thickness of a foot and a half, in which the color has been
changed to a purple blue. Above the contact the trap is much dis-
integrated for a distance of two feet, above which it becomes more or
less columnar. The decomposed trap is apparently in layers, and at
first sight resembles a sedimentary rock, but minute tabular crystals
of feldspar are readily discernible with a hand lens, and there is a
marked difference between this rock and the shale beneath.

At other points along the ridge the normal red shale was seen
within a few feet of the trap, in all cases dipping beneath it conform-
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ably. Nowhere are there indications of contact metamorphism for
more than a foot or two,

The overlying shales are seen in close proximity to the trap along
the road a few rods west of the bridge north of Millington. The
trap is extremely vesicular and much disintegrated. A few inches
above it there is a thin layer of yellow shale, above which are the
normal argillaceous red shales. Macroscopically, the yellowish shale
appears to be composed in part of fragments of trap. The scoriaceous
trap is exposed for several rods along the road, amygdules being abun-
dant to a depth of ten to fifteen feet.

Thickness.—Since these two contact points are at nearly the same
level, and on directly opposite sides of the sheet, they afford the most
reliable means of determining the thickness. On the basis of a dip
of twelve degrees, 1. e., the average for the underlying beds, the thick-
ness is 375 feet, The overlying shale dips only six degrees. On this
basis the thickness would be only 189 feet. The actual thickness is
probably midway between these estimates,

Riker’s Hill—This ridge rises somewhat gradually at the southern
end near West Livingston, and terminates somewhat abruptly three
miles and a quarter to the north, Its-maximum elevation, 473 feet,
is about 250 feet above the country on the west, and 200 above that
on the east. At the south the trap descends gradually below the
level of the drift-covered country, and certainly continues some dis-
tance southward of the last surface outcrop. On the esst the sandstone
reaches almost to the crest of the ridge, and along the road leading
west of Livingston the unaltered shale outerops a short distance
beneath the trap and apparently dips conformably with it. On the
back of the ridge vesicular rock occurs with traces of the ropy-flow
structure.

Towakhow or Hook Mountain,—This ridge differs from the others
in its sharply-curved outline, making 8s it does a sharp right-angled
bend at Whitehall. Its length is about eight miles and its maximum
height is 458 feet, 290 feet above the Great Piece meadows on the
east and south. The inner face of the curve, i. e, the eastern and
southern, is much steeper than the outer, due to the dip of the trap,
which is in accord with that of the shales. These form an anticlinal
fold whose axis plunges northwestward. The apparently abnormal
width of Second mountain in the vicinity of Caldwell is doubtless
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due to the same fold, which, however, at that point has nearly dis-
appeared.

No contacts are known to exist along this ridge, but the shale
which extends well up the eastern and southern slopes is alwaya per-
fectly conformable in strike with the trend of the ridge. A few out-
crops of the overlying beds showed the same conformability, The
upper surface of the sheet is vesicular or scoriaceons. Vesicnlar out-
crops occur just sonth of White Hall station and along the towpath
of the canal near Plane 10 East. The sheet is undoubtedly extrusive,

Lesa than a mile north by west of White Hall are several detached
outcrops of vesicular trap, which locally has a ropy structure. About
two miles north by east of the same locality there is another area half
a mile in length and 200 to 300 yards in width. At the southern
end the trap is vesicular, ropy and is spherically weathered. At other
outcrops it is fine-grained and bluish black in color. At both locali-
ties the rock is similar lithologically to the trap of Hook mountsin.
Whether they are connected with it or are separate flows is uncertain,
The glacial deposits so conceal the underlying rock that the structure
is not weil known.

Packanack Mountain.—At Mountain View there is a gap occapied
by the Pompton river, separating Towakhow from Packanack moun-
tain. The trap sheet is apparently th inner here than elsewhere and may
be wanting entirely. No trace of it is obtainable along the river bed.
It appears again, however, in the bank of the canal-feeder and forms
a curving ridge, trending first northeast, then north and finally north-
westward, terminating somewhat abruptly at the west of Pompton
lake. This ridge, with the eastern half of Towakhow mountain, is
the outcropping edge of a synclinal fold, whose axis plunges north-
westward, Its length from Mountain View to Pompton lake is
about seven miles, and its average elevation between 450 and 500
feet—200 to 300 feet above its surreundings.

Bhale and sandstone extend nearly to the top of the ridge on the
east, the edge of the trap generally being marked by a low escarp-
ment or cliff, but the shale is nowhere exposed near the contact, save
near the dam at the south end of Pompton lake, where conglom-~
erate beds dip conformably beneath the trap fifteen to twenty feet
distant. The inner or western slope is entirely trappean, only one
outcrop of shale being found along the western side, and that some
little distance above the contact. The atrike of the shale in all cases,
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however, agrees with the tread of the ridges. Vesicular rock occurs
at various points along the upper surface, A well drilled at the
Norton House, Pompton Furnace, where the upper surface disap-
pears beneath the glacial drift, penetrated, according to report,
seventy feet of trap and then reached sandstone. If the facts were
correctly reported, we have here a fairly accurate messure of ita
thickness. Beautiful glacial grooving occurs along the Hamburg
turnpike, at Cedar Grove farm, Pompton.

New Vernon Ridges.—In the vicinity of New Vernon there isa
crescentic-shaped ridge of trap, which may be a continuation of the
Long hill sheet or an independent flow. In support of the former
view, it may be urged that the intervening shales have a synclinal
structure by which the Long hill sheet may be brought to the
surface,

The curving form of the ridge is due to an anticlinal fold, the
axis of which pitches east by south. The ridge is continuous, save
where deeply trenched by two water gaps, across which, however,
the trap undonbtedly extends, although it is not continuously exposed.
The average width of the outcrop is half a mile, its length eight
miles and its average height between 400 and 450 feet—150 to 200
feet above its surroundings. Nowhere are the trap and shales seen
in juxtaposition, but within the curve the underlying shales fre-
quently outcrop and agree closely in strike with the trend of the
ridge nearest them. The rock is fine-grained, blue black in color
and notably vesicular and scoriaceous in places. The thickness of
this sheet at the water gap back of Green Village is estimated to be
about 250 feet. No hesitation is felt in classipg this sheet as extru-
sive in origin.

New Germantown Traps.—Near New Germantown there is a
small horseshoe-shaped trap ridge inclosing between its ends two small
isolated masses. The entire length of the ridge is about two and a
half miles, its width a little more than a quarter of a mile, and its
height hardly more than 100 feet above its surroundings, The trap
is fine-grained, dense and black, quite unlike the coarse-grained trap
of Cushetunk mountain. Locally it is slightly vesicular and the
ropy structure is discernible. No contacts could be found, but the
dip of the associated shales indicates that the ridge is formed by the
outcropping edge of a synclinal sheet, the axis of the syncline pitch-
ing northwestward. The dips of the beds within the crescent are very
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steep, ranging from thirty-four to sixty degrees. Taking the least
of thege for a basis, I compute the thickness of the trap to be about
400 feet. Dips as high as fifty degrees were noted in the underlying
shale close to the trap. Darton estimates the maximum thickness at
250 feet, but with dips as steep as those noted above, the greater
thickness must be accepted. No signs of contact metamorphism were
found. The trap is undoubtedly extrasive, The relationships of the
two small masses could not be determined.

Sand Brook Trap.—In the annual report for 1896 (pages 68, 69)
I called attention to a small crescentic ridge and isolated mass of
trap, of almost identical shape with the New Germantown sheet, which
lies near Sand Brook village, Hunterdon county, It was of interest
chiefly because it had not before been reported upon. Reasons were
given for considering it an extrusive sheet. The trap and shales are
conformable and have an average dip of thirty-five degrees. Its
upper surface is everywhere vesicular and only the lower portion is
dense and fine-grained. In shales only a foot above the trap there
was no sign of induration, change of color or alteration of any kind
which could be ascribed to the trap. At two localities the trap
vesicles were found to be filled with fine red mud, and at one locality
vesicular trap is overlaid by a thin layer of finely-comminuted trap
and red mad. Thickness is estimated to be not less than 450 feet.

Trap-dikes.—In addition to the intrusive and extrusive trap sheets,
enumerated in the foregoing pages, a number of localities are known
where narrow dikes traverse the shales for varying distances, Many
of these have been reported upon by earlier investigators. Some were
noted during the recent survey of the surface formations, under the
direction of Prof. R. D. Salisbury, and a few had not before been
located, so far as I can learn, For the sake of completeness I will
enumerate them all very briefly.

Along the Palisades narrow offshoots from the main mass were
noted at several points. These have already been described (pp. 63-65,
68, 69), and in some cases pictured.

The three dikes which radiate from the upper part of the Sourland
mountain sheet were fully described in the annual report for 1896
(pp. 64, 65), and have already been referred to in this paper (p. 74).
They are the largest and longest dikes, and the most important, from
a scientific point of view, since they prove conclusively the intrusive
origin of the Sonrland mountain sheet.
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Prospect hill, west of Flemington, is a small mass of trap which
may be connected with the longest of the three Sourland mountain
dikes, but such connection is not shown on the surface. A quarter
of a mile east of the Flemington cemetery, a trap-dike, probably the
northern continuation of the longer of the Sourland mountain dikes,
crosses the road, Its width is from fifteen to eighteen feet; it dips
steeply eastward, and the inclosing shales, which are altered to a
purple and yellow color for between two and four feet from the con-
tact, dip 30° westward. It is traceable both northward and south-
ward, Near its northern end, in the outskirts of Fiemington, two
similar dikes appear in the road, offset slightly to the west. Whether
these are all the same dike, separated by faults or are separate in-
trusions, cannot be determined,

Baptistowon,—Two miles east of Baptistown a narrow strip of yellow
trap earth and disintegrated fragments indicates the presence of a
dike. Little can be determined of its length, width or angle of slope.
It is not marked topographically, and the trap residuary is somewhat
widely spread out. It appears to be over half a mile in length.

Stanton Slation.— A small trap-dike crosses the Flemington-Clinton
road, nearly due west from Stanton station. Owing to the wash of
debris from the higher slopes the dike is visible only at the roadside,

Three Bridges.—Half a mile northeast of Three Bridges a narrow
dike crosses the Centerville road. Its position is indicated by the soil
and the weathered fragments, Its width is probably not more than
gix to ten feet. It in impossible to trace its course more than a few
rods on either side of the road,

South Branch.—A parrow line of trap detritus is traceable for
nearly a mile, parallel to the road leading southwest from South
Branch and from one to two miles from that village. The rock itself
is not exposed.

Just south of South Branch village a trap-dike six or eight inches
thick cuts the shale at about right angles. The trap is much decom-
posed, but is recognizable. The dike cannot be traced across the
fields.

Neshanic Station.—A trap-dike, three feet wide, is exposed in a
cut on the Lehigh Valley railroad, about a mile west of Neshanic
station, It dips 30° southwest. The shales on either side are
altered for a distance of three feet, North of the railroad it appar-
ently increases in width, and can be traced for a third of a mile in a
northeasterly direction.
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Half a mile northwest of this locality another dike crosses the road
in a northeast-southwest direction. It is marked mainly by the
scattered debris, which forms a belt with a maximum width of 120
feet. The dike is probably somewhat narrower. It is traceable
about half a mile,

Peapack.—A small dike is seen in the railroad cut,a few rods
south of Peapack station, The adjoining sandstones and shale appear
gomewhat altered, more so than would be expected for so small a
dike. Nothing is known of its extent beyond what is seen in the cut.

Blackwell’'s Mills.—On the east bank of the Millstone, half a mile
north of Blackwell’s Mills, there is a fine exposure of a trap-dike, ten
or twelve feet in width, which intersects the shales at a high angle.
Near the contact the trap itself is somewhat shattered and slicken-
sided surfaces occur, and the adjoining shale is altered in eolor for
distances varying from six feet on one side to one and a half feet on
the other. A good example of spheroidal weathering is shown. An
altered mass of shale, five feet long and from one to two feet thick is
inclosed in the midst of the trap. On the Geological map this dike
is represented as outcropping, at frequent intervals, as far as the
Raritan river. I was unable, however, to find any trace of it, save
for a short distance from the Millstone river, although the oppor-
tunities for observation were good, and careful search was made along
the roads and through the fields. West of the river, however, it
can be traced without difficulty for three miles by means of the line
of debris and a low swell of ground. Its maximum width is prob-
ably 100 feet, but usually it is not much more thaun half that. It
gradually thins out a mile southwest of Hillshorough.,

New Brunswick.—Near Martin’s dock, on the left bank of the
Raritan river below New Brunswick, two thin sheets of trap are ex-
posed interbedded with shale, which, both above and below the trap,
are strongly altered. The sheets are about two feet and fifteen feet
thick respectively, separated by a few inches of black, highly-indur-
ated elate, which seems to thin out at one end of the exposure, so that
the two trap sheets join, Cook,* Davis t and Darton { have all de-
scribed this locality, and all are agreed that the sheets, although
essentially conformable to the shales, are intrusions.

Two miles southwest of New Brunswick a disintegrated trap-dike

%Cook. Report of the State Geologist for 1532,
+Davis. Bulletin of the Museum of Comparative Zoology, vol. V1L, page 276.
1 Darton. Bulletin of the United States Geological Survey, No. 67, page 65.

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 956

is exposed in the cut on the Pennsylvania railroad. On the north
side of the cut the debris measures forty-two feet in width, on the
side 100 feet. There may be two dikes here separated by shale, since
only the debris could be seen. A sparse scattering of residuary frag-
ments enables one to trace the dike, with some interruption, for half
a mile on either side of the railroad. A small isolated knoll was also
found near a stream a mile east by north of the exposure in the cut.

Franklin Park—A mile northeast of Franklin Park a narrow dike
can be traced both by the surface debris and by a slight ridge for a
mile and a half. It is twice interrupted, and each time slightly offset
as if faulted, but no other evidence of a fault could be found. Near its
northeastern end, where it crosses the road leading northwest from
Franklin Park station, its width is less than twenty feet, Three-
fourths of a mile west by south, where it crosses a small stream, the
fine-grained, dense and hard blue-black trap is exposed. West of here,
in the timber, the ridge is quite distinct, and the width of the dike is
probably nearly 150 feet. Nearer Franklin Park its limits are quite
indefinite. Its position suggests that it is an eastward continnation of
the prong of the Rocky hill sheet, which curves north and then east
past Griggstown, almost to Franklin Park.*

Griggstown.—Three-fourths of a mile south of Griggstown there
are three somewhat widely separated trap masses. Indurated shale is
found near the largest. All three are near the prong of the Rocky
hill sheet and are probably offshoots from it.

8till another mass occurs a mile and a half east of Griggstown.
The trap is medium-grained, and has altered the adjoining shales
alightly. It lies almost entirely within a small piece of timber, the
limits of the trap and of the woods being almost coincident. This
fact illustrates in a striking manner and on & small scale the relation
between geology and agriculture. The area of trap rock is so stony
as to be useless for agricultural purposes, and so has been left to
timber, whereas the shale area has been cleared,

Wertsville.—Just south of Wertsville school-house a narrow sheet
of trap can be seen at the roadside. Its thickness is about two feet
and it is parallel or nearly &o to the dip of the shales. I was informed
by Dr. Larison, of Ringoes, that another narrow dike crossed the
road a few yards to the south, and scattered trap fragments cor-
roborate his statement, but the dike could not be located exactly.

*Thanks are due Mr. G. X. Knapp, of the survey staff, for information concern-
ing these last-mentioned dikes,
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The trap is very fine-grained, blue black in color and very hard and
tough. A mile northeast at the next road a few scattered trap frag-
ments indicate the approximate portion of the dike. In the inter-
vening space outerops were found in two small gullies, where the
trap layer one foot thick dips conformably with the shales. Scattered
fragments occur on the fields between these localities, and another
outcrop is found in a ravine a third of a mile northeast of the road.
Here the trap is hardly more than ten inches thick.

Bouthwest of Wertsville the dike is thicker and can be traced
more readily by the debris, and locally by a slight rise of ground.
It crosses the road a few hundred yards south of Van Liew’s Corner.
A mile southeast, it is clearly shown where it crosses the road near
the house of A. C. Bellis, and in the bank of the brook northeast of
his house its width is thirty-five feet. Southwest of the road it can
be traced to another brook, where it is well exposed and has a width of
eighteen feet, It here cuts the shales vertically, altering them slightly
for one to three feet. The length of this dike is over three miles. Its
general course is N. 55° to 60° E., parallel to the strike of the beds,
and to the trend of the Bourland mountain trap, a mile and a half dis-
tant. As already noted, at one end (its thicker part) it cuts the shales
vertically, and where much thinner it is interbedded with them.

Dilts’ Corner.—From Dilts’ Corner a wide trap-dike extends north-
ward for nearly half a mile, It forms a slight elevation and the
ground is strewn with residuary fragments. The rock is fine-grained.
Judging solely from surface indications its maximum width is about
200 feet. A small area was found a few rods west of the corners, and
a narrow dike is exposed in the bed of a stream a third of a mile east
of the corners.

Lambertville—On the top of the hill overlooking the ball-park at
Lambertville, a coarse-grained trap-dike occurs. Its width on the
surface is about eighty yards and its length nearly half a mile, Itis
a mile distant from the Sourland mountain trap, but may be an off-
shoot from it. Macroscopically the two rocks are closely alike. An-
other area of similar coarse-grained trap is found a mile northeaat.
Its length is one-third of a mile and its width one hundred yards or
more. In both cases only weathered fragments on the surface are
found. The surrounding shales are much contorted, altered and
apparently faulted, It was found impossible to untangle the structure.

Hopewell—Near the barite mines, two miles southwest of Hope-
well, residuary trap soil oceurs over a considerable area, Obscure
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exposures of disintegrated trap occur along the highways at several
points. Whether there is here a complexus of dikes or a boss of trap
it is difficult to determine. The barite occurs in veins traversing the
decomposed and fractured trap. Fragments from the dump-piles
often resembled friction breccias, This trap mass is near the great
Hopewell fault, and the shattered condition of the trap and its conse-
quent deep decomposition find explanation in this fact.

Arlington.—Near Arlington there are several small trap-dikes which
have been carefully described by Darton in his paper, to which fre-
quent reference has already been made. Many of the relationships
described by him have since been destroyed by quarrying, The trap
is now best shown near the cemetery and northward to the old copper
workings. The trap sheet, which locally is twenty feet thick, is con-
formably bedded with the shales, but sends out offshoots into them.
The shales are in places intensely altered near the trap,

Bogota.—A. trap-dike forty feet wide is exposed on the Fort Lee-
Hackensack turnpike half a mile east of Bogota. The adjoining shale
has been changed in color for about ten feet on either side. Another
exposure of the same dike is found in the fields about 200 yards north
of the road. Here the trap can be seen to dip sixty-five degrees west-
ward. The rock is dense and fine-grained.

Summary.—A summary of the origin of the various trap masses
is here given. The extrusive sheets are (a) the Watchung mountains,
i. e, First mountain, Second mountain and Third mountain, includ-
ing Long hill, Riker’s hill, Hook mountain and Packauack mountain ;
(5) the New Vernon sheet; (c) the New Germantown sheet ; (d) the
8and Brook sheet, and (e) the small masses north of Whitehall, Al}
the others are intrusive, including (a) the great sheets like the Pali-
sades, Rocky hill, Sourland and Cushetunk mountains; (8) the boss-
like masses, such as Bald Pate and Pennington mountains, Round
mountain and the Point Pleasant mass, and (o) the narrow dikes
enumerated above,

AGE OF THE TRAP SHEETS.

The extrusive or overflow sheets must, by the very conditions
of their formation, be contemporaneous with the beds between
which they lie, if they are conformably bedded with them, The
Watchung monntains occur well up in the Brunswick shales, ap-
parently in the upper third of this member, The detached sheets,

7
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comprising the third ridge, are the highest, and First mountain
is the lowest of the three. The fact that the latter rests upon con-
glomeratic sandstones, in the vicinity of Paterson, does not mean that
it occurs near the base of the Newark system, for, as has already been
shown, the Brunswick series increases in coarseness to the northeast,
passing from fine-grained shales, near Somerville and Bound Brook,
to sandstones west of Irvington, and to conglomeratic beds further
north, The successive lava flows, therefore, which formed these sheets,
ocourred late in Newark time, as represented in New Jersey.

The New Germantown and Sand Brook sheets, both of which are
extrusive, are also interbedded in the Brunswick shales, well above
their base, certainly in the upper half, perhaps in the upper third.
They are, therefore, in a general way, contemporaneons with the
Watchung flows, There is no evidence that they are parts of the
same sheet,

The intrusive sheets and dikes are later than the beds which they
penetrate, and in 8 number of cases it is possible to determine quite
«closely their age.

The Palisade trap traverses beds belonging to the Stockton series,
and in New York Btate ascends into strata probably belonging to
the Brunswick series, The Rocky hill trap, near Hopewell, euta
Brunswick shales about the middle of the series, whereas near Dean’s
station, where it disappears beneath the Cretaceous beds, it cuts the
Lockatong series. It is certainly older than the Cretaceous beds, and
younger than the middle layers of the Brunswick series,

The coarse grain of the rock of both ridges indicates that it cooled
slowly and presumably at a considerable depth from the surface.
Microscopic studies * of the altered shale at Hoboken reveal contact
phenomena, in so far as the alteration of the shales is concerned,
characteristic of igneous rocks of deep-seated origin. Exactly similar
altered shales adjoin the Rocky hill trap where it cuts the Brunswick
ghales, These shales, therefore, were probably deeply buried beneath
the upper Brunswick beds, when the trap was intruded into them.
The Rocky hill-Palisade sheet is due to an intrusion which occurred
not earlier than the closing stages of Newark time, quite certainly
after the voleanic overflows which formed the Watchung sheets,

The western half of Sourland mountain trap lies near the base of
the Brunswick shales and the eastern end descends into the Lockatong
beds. The longest dike, which branches off from the upper surface,

* A. Andreae end A. Osann: Tiefencontacte an den intrusiven Diabasen von New
Jersey.
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penetrates a great thickness of Brunswick shales and affords conclu-
sive proof that this sheet also was not intruded before the deposition
of the latter part of the Brunswick beds. The dike which extends
towards Mount Airy can be traced without interruption so long as the
associated shales are mot faulted. But when it reaches the area of
confused structure southwest of Mount Airy village it cannot be
traced. The inference is that the trap was intruded before the move-
ments of the shales, which gave rise to the faults, The same argu-
ment can be used in the case of Rocky hill and the Palisades sheet.
Both are cut by faults, the former terminating abruptly at the great
Hopewell fault. The time of faulting cannot be definitely fixed, but
it seems most probable that it was coincident with the elevation of
the region above the sea and the tilting and warping of the beds. This
being the case, the time of the intrusion of these three trap sheets is
somewhat definitely fixed. It was after the deposition of the Stockton,
Lockatong and by far the greater part of the Brunswick shales and
before the fanlting,

Bald Pate and Pennington traps traverse Brunswick ‘shales far from
the base of the series. Although near the Hopewell fault, they do not
cross it, but end abruptly where they reach it, Their age is probably
the same as that of the other sheets, Mount Gilboa, near Brookville,
occurs in Lockatong beds, but is near the great Flemington fault,
It may have ascended the fault line, although the fact that it does
not follow the fault line may be urged against this view. The Point
Pleasant trap occurs also in the Lockatong shales.

Cushetunk and Round mountain masses occur in Brunswick
shales, far above the base and therefore they are not earlier than the
latter part of the Newark time.

The trap dikes are almost entirely in the Braaswick shales.

In summing up, therefore, it may be said that the extrusive sheets
occur in the upper half or third of the Brunswick shales, and there-
fore were outpoured late in Newark time. The intrusive sheets
extend, for the most part, well up into the Brunswick shales, and,
80 far as the evidence goes, antedate the disturbances which elosed the
deposition of the Newark beds. There are good reasons for believing
that many, perhaps all, of the intrusive sheets are younger than the
extrusive, although the evidence is not conclusive. From a prior
considerations it may be suggested that the lava formed intrusive sheets
after the formation became so thick that it could not readily rise
to the surface; whereas, earlier in Newark time the lava was able
to break through the thinner beds and overflow.
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CHAPTER IIIL.—_METAMORPHOSED SHALES,

Allusion has frequently been made to metamorphosed shales near
the larger intrusive trap masses. The black argillites of the Locka-
tong series have been called * baked shales” by many writers, and
their hardness and blackness ascribed to the contact with the trap,
although no igneons rocks occur near them, This is an error. The
argillites owe their color to the carbonaceous matter they contain, and
their hardness to some other cause than local metamorphism. The
metamorphosed shales differ in some radical respects from the argil-
lites. The most marked macroscopical changes are (a) a greater or
less induration, (b) change in color—red shales in general becoming
purple and then a blue black, streaked with gray or green near the
trap, and (c) the development of secondary minerals, commonly epidote
and tourmaline. The rock often has a banded or mottled appearance,.
due to the formation of lime-silicate hornfels, Of these three changes-
the third is the most significant, Mere induration or change of color
does not necessarily signify baking,” but when all three occur
together, and only in layers in close proximity to certain trap sheets,
proved to be intrusive by their structural relations, the changes can
be safely ascribed to the igneous rock. Many of the altered shales on:
weathering become a pale blue or ashy gray color, a tinge never taken.
by other layers.

So far as I know, the only detailed microscopic study of the altered
shales has been made by Messrs, Andreae and Osann * from specimens.
collected at the base of the Palisades at Hoboken and Jersey City.
Their results, which were published in Germany, are inaccessible to.
most readers in this country, and therefore I shall summarize their-
views briefly, They group the metamorphosed rocks into four classes.

1. Normal slate hornfels, not distinguishable from hornfels formed:
by contact with intrusives which cooled at great depth.

2. Hornfels containing numerous tourmaline crystals.

3. Metamorphosed arkose sandstone, distinguished by the forma-
tion of a fibrous green hornblende.

4, Lime-gilicate hornfels (kalksilikat hornfelse).

The first two groups differ only in the presence or absence of tour--

* Tiefencontacte an den inirusiven Diabasen von New Jersey, loc. cit.
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maline. They are very dense rocks, with a splinter-like cleavage
and abound in biotite, Traces of the original stratification are pre-
gerved in the alternation of layers containing varying amounts of
mica. The tourmaline always appears as a secondary mineral, in
well-bounded black prisms up to three millimeters in length and one
in width, They are without definite arrangement, the longitudinal
axis being oblique to the stratification plane as frequently as it is
parallel to it. Each of the tourmaline crystals is surronnded by a
bright halo about half a millimeter in width, caused by the absence
of hiotite. This may be acconnted for on the assumption that the
iron and magnesia were consumed in the formation of the tourmaline.
The biotite crystals have their tabular planes arranged parallel to
the stratification planes.

Feldspar is the chief constituent of the tourmaline-bearing horn-
fels, and quart