L

GEOLOGICAL SURVEY OF NEW JERSEY
HENRY B. KO'_'IMEL, STATE

GEOLOGIST

BULI_ETIN3.

The Plora of the Raritan
Formation
BY

EDWARD

W. BERRY
OF THE

JOHNS

HOPKINS

UNIVERSITY

ii

TRENTON,
/vlacCrelHsh

&

Oulgley,

Pr!nter.%

N., J.
Opposite

Post

Office.

19H.

NEW JERSEY GEOLOGICAL SURVEY

.-.-_

":::.:

_:•,:

:.:

:!--..

_U:.:<_._ _

CONTENTS;
;'
• .

'

""

, •

PAGE.

• I. Introduction,
. ...........................
', ........
:, • .-..'. • • : • ;. _
7
II. Historical Sketch ....................
: ...........
_.:. .......
.....
9
[II. The Raritan Formation ....................
'. ........
:; ...........
I6-34
Introductory,
. .................................
.. .........
I6
Description,
. ...............
"........
_..............
...... ....
i8
CorreIation .................................
..... _ ..........
20
IV. Botanical Character of the Flora, ......................
.........
35741
V. Geographical Distribution of the Flora; .......
': ..............
.... 42-5I
Occurrence in New Jersey, .....................
; ...........
42
Origin and Radiation ........................
'.: .............
" SO
VI. Systematic Paleobotany,
.: ..... :... ...............
-...........
...53-228

ILLUSTRATIONS.
PLA'rE I, Fig. I.--View showing the Woodbrldge clays•
Fig. 2.--View showing erosion of Woodbridge clays.
PLa'rE II, Fig. I.--View showing crossbedded Raritan sands•
Fig. 2.--View showing the sand bed overlying" t'he Woodbridge
.
clay.
PLA_ III, Fig. 1.--View showing seam of lignite near top o'f Woodbridge
clay.
Fig. 2.--View showing the fire day near Keasbey:
PLA_'_;IV, Fig. I.--Dicksonia groenlandica Heer.
PLATE V, Figs. I, 2.--Asplenium Foersteri Deb. & Ett£
..
Figs. 3, 4.--Asplenium Dieksonianum Heer.
PLATE VI, Figs. i-5.--Sequoia
heterophylla Velen.
PLA'rE VII, Figs. i-4.--Brachyphyllum
macrocarpum Newb.
PLA_'EVIII, Figs. I. 2.--Widdringtoifites
Reicbii (Ett.) Heer.
Figs. 3_,.--Moficonia
e?)cloto_0n Deb. & Ett.
P_ATE. IX, Figs. i-7.--Protophyllocladus
subintegrifolius
(Lesq.) Berry.
PLA'r_ X, Fig. L--Myrica acuta Hollick.
F g. 2--_fvrica
Newberryana Hollick.
Fig. 3.--M'yriea fenestra Newb.
Fig. 4._-Myrica raritanensis Hollick.
Fig. 5.--Myrica emarginata Heer.
Fig. 6.--Myriea Hollicki W?ard.
Fig. 7.--Myriea cinnamomifolia Newb. "

(iii)
NEW JERSEY GEOLOGICAL SURVEY

iv

CONTENTS.

PLATE XI, Fig. I.--Salix pseudo-Hayei Berry.
Fig. 2.--Salix Newberryana Hollick.
Fig. 3.--Salix inzequalis Newb.
Fig. 4.--Populus apiculata Newb.
Figs. 5, 6.--Populfls orbicularis (Newb.) Berry.
Pt, ATE XII, Figs. I, 2.--Fieus Woolsoni Newb.
Fig. 3.--Ficus ovatifolia Berry.
Fig. 4.--Ficus daphnogenoldes
(Heer) Berry.
PLATE XIII, Fig. I.--Magnolla
Newberryi Berry.
PLA'r8 XIV, Fig. I.--Magnolia
longipes Newb.
Fig. 2.--Magnolia Boulayana Lesq.
Fig. 3.--Magnolia
speeiosa Heer.
Pr, A'tE XV, Fig. L--Magnolia
alternans Heer.
Fig. 2.--Magnolia woodbridgensis Hollick.
Fig. 3.--Magnolia Hollicki Berry.
PLATE XVI, Fig. i.--Magnolia
Hollicki Berry.
Fig. 2.--Magnolia Laeoeana Lesq.
Fig. 3.--Cinnamomum
Newberryi Berry.
PlaTE XVIL Fig. I.--Liriodendron
quercifolium Newb.
Fig. 2.--Sassafras
hastatum Newb.
PI, A_'E XVIII, Fig. I.--Sassafras
progenitor Newh.
Fig. 2.--Sassafras
acutilobum Lesq.
Fig. 3.--Menlspermites
Wardianus Hollick.
Fig. 4._Menispermiles
borealis Heer.
PLATE XIX, Fig. I.--Liriodendropsis
retusa (Heer)
Hollick.
Fig. 2.--Liriodendropsis
simplex (Newb.) Newb.
Fig. 3.--Bauhinia cretacea Newb.
P_,ATg XX, Figs. I, a.--Phyllites
trapaformis
Berry.
Fig. 3.--C_esalpinia raritanensis
Berry.
Fig. 4.--Colutea primordialis Heer.
Fig. 5.--Leguminosites
raritanensis Berry.
Fig. 6.--Persoonia
Lesquereuxii Knowlton.
Fig. 7.--Andromeda
nov_e-caesarem Hollick.
Fig. 8.--aralia quinquepartita
Lesq.
/_a'r_ XXI, Figs. I-8.--Citrophyllum
aligarurt_ (Lesq.) Berry.
Fig. 9.--Citrus vulgaris Risso.
Fig. Io.--Citrus Limonum Risso.
t_AvE XXII, Fig. L--Prunus(?)
acutifolia Newb.
Fig. 2.--Phaseolites
manhassettensis
Hollick.
Fig. 3.--Celastrophyllum
minus Hollock.
Fig. 4.--Celastrophyllum
spatulatttm Newb.
Figs. 5-7.--Celastrophyllum
Newberryanum
Hollick.
Fig. 8.--Celastrophyllum
deeurrens Lesq.
Fig. 9.--Celastrophyllum
crenatum Heer.
PLAT_ XXIII, Fig. L--Celastrophyllum
grandifolium
Newb.
Fig. 2.--Celastrophyllum
crenatum Heer.
Figs. 3, 4.--Smilax
raritanensis
Berry.
Fig. 5.--Passiflora
antiqua Newb.

NEW JERSEY GEOLOGICAL SURVEY

CO_NTFANTS.
PI,
A_'_XXIV,

PLATE XXV,

Fig. I.--Myrsine
Fig. 2.--M_,rsine

oblongata
Hollick.
horealis
Heer.

Fig_. 3, 4.--Myrsine
Gaudini
(Lesq.)
Berry.
Fig. 5._Aralia
qainquepartita
Lesq.
Figs. I-5._Celastrus
arctica Heer.
Fig. 6,--Andromeda
nov_e-cmsare;e
Hollick.
Fig. 7.--Aralla
Wellingtoniana
Fig. 8.--Tricalycltes
papyraeeus

PLATE XXVI,
PLAT_ XXVII,
PLATE XXVIiI,

PLA_'E XXIX,

v

Figs. I, 2.--Andromeda
Figs. 3, 4.--Andromeda
Figs. _-4.--Andromeda
Figs.

Lesq
Newb.

grandifolla
Berry.
Cooki Berry.
Parlatorl{
Heer.

l-4.--Eucalyptus

angusta

Velenovsky.

Fig.
Fig.

5.--Eucalyptus
6.--Eucalyptus

angustifolia
Newb.
attenuata
Newb.

Fig.
Fig.

7.--Eucalyptas
8.--Eucalyptus

Geinltzi
nervosa

(Heer)
Newb.

Fig. I.--Diospyros
Figs. 2-4.--Calycites

prim*eva
Heer.
diospyrlformis

Fig. 5.--Diospyros

elliptica

(Newb.)

Heer.

Newb.
Berry.

TEXT FIGURES.
PAGE.
FI¢3. I,--Diagram

showing

the

relative

thickness

sequence

_nd

biotic

changes of the geologic divisions
represented
in New Jersey, ..
Fro. 2.--Ideal
generalized
section through
the Raritan
and adjacent
formations in Middlesex
County,
N. J., showing
the levels _rom

I7

which fossil plants
Fie,. 3.--Sketch
map of the

I9

have been collected,
......................
world,
showing
approximate
areas

fossil plants
of middle
and upper
discovered ..................................................

Cretaceous

age

NEW JERSEY GEOLOGICAL SURVEY

have

where
beetl
3I

Letter of Transmittal,
TRE_'TOY, N. J., -_IA_CH i7, 19ii.
The Slate. Printing Board,
Tree, ton, N. ].
GEN'rL_z_z#--Chapter
4-6, Laws of f9Io, provides that in
addition "to an" annu/d administrative report, tl_e State Geologist
shall prepare or .cause to be prepared such. scientific reports as
are pertinent i.o'tbe _vork of his 'de'p£rtment; and that the State
Printing Board shall have authority, on recommendation of the
Board of Managers of the Survey, to order printed such scientitle reports."
•
The Board of M'anagers of the Survey, on December 6, 191o,
adopted the following motion: That the publication of reports
on the Plant Remains of the Cretaceous Clay Beds, and on the
Fossil Fishes of the Cretaceous and Miocene Formations of
SOttth Jersey, already prepared or in process of preparation
mlder the direction o_ the State Geologist, be recommended for
printing to the State Printing Board,, as provided in Chapter 46 ,
Laws of 191o.
In accordance With the above, I request that the State Printing
Board order printed 1,5oo copies each of the two reports above
mentioned, Ioo to be bound, the balance in stiff covers sewed,
as provided in the specifications for printing the Geological Survey reports.
Respect fully submitted,
HENRY B. KUMMEL,
State Geologist.

(3)
NEW JERSEY GEOLOGICAL SURVEY

4

LETTER

OF TRANSMITTAL.

STATE OF NEW JERSEY,
OFFICE

O_

COMPTROLLER

OF

TltE

TRENTON,

TREASURY.
_ARCI{

20,

19II.

Henry B. Kiim.mel., Esq.,
State Geologist,
Trenton_ N. J.
DEAR SIR-.--qYour
communication of the _7th inst., addressed
to the State Printing Board, was laid before the Board at its
meeting held on Friday, last, and., on. motion, it was ordered
that the publications referred to in your letter be printed and
bound as requested.
The work will be done by MacCrellish &
Quigley, who were awarded the contract last fall.
Very respectfully,
E. J. EDWARDS,
Comptroller, o3 Secretary, State Printing Board.

NEW JERSEY GEOLOGICAL SURVEY

PART I.

The Raritan Flora.
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I. INTRODUCTION.

The cla.ys "of New Jersey coristitute the basis
portant element in the State's mineral wealth'and
nished
"

the

raw material

for a variety

of a most imhave long fur-

of industries,

and given

employmeht
toa large force Of labor, botl{ skilled, and u_s}di!ed.
"The most conspicuous
clay deposits inthe State are those known
as the Raritan, or Amboy, clays.
attention of the State Geological
able space devoted to them
lished in I868, in the Clay
later reports.
The only comprehensive
formation
is that o{ Pro{.
in 1896, his active
health
which

work

Very early they attracted
the
Survey, and we find consider-

in the Geology o{ New Jersey, pubReport of 1878, and in the various
treatment
of the flora of the Raritan
Newberry 1, published
posthumously

on it having

been

stopped

by failing

in the fall of I89O. In the interval of twenty-one
has elapsed, both geology
and paleobotan,y
have

years
made

prodigious progress in this country, and it is no discredit to the
pioneer workers that revision becomes a necessity.
One oi the
imperfections
of Prof• Newberry's
work, along with that o{ his
colaborers
in the field of paleontology,
was their neglect in
stating
the precise localities
an6 horizons
from which their
specimens were collected•
It has been possible to supply some
of these deficiencies in frequent visits to the various pits, others
remain as Pro{. Ne\vberry
left them.
Considerable
material collected by the U. S. Geological
Shrvey has furnished a nttmber o¢ additions to the flora, for which
ackno\_'ledgement
is gratefully
made at this point.
All of Prof.
Newberry's
types are in the museum of the New York Botanical
Garden,
author's

where they are well arranged and easily accessible.
The
thanks are clue Dr. HolIiek, the curator of the paleo-

Newberry, The Flora of the Amboy Clays, Mon. U. S. Geol. Survey, VoL
• XXVI

(1895),

1896

.
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"botanical collections, for free use of this material.
The balance
of the type material is to be found in the U. S. National Museum,
and the writer is under obligations to Dr. Knowlton for the
privilege of studying it, as well as for many other favors.
Acknowledgement is also gratefully made for the constant interest and encouragement of Dr. Henry B. Kfimmel, the State
Geologist, who has been keenly cognizant of the importance of
a modern treatment of the Paleontology of the State, both palezoological arid paleobotanical.. The accompanying plates make
no pretense at completeness, but aim to show only the more characteristic Raritan species, or forms never before described or"
figured.
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SKETCH.

The Raritan and allied, formations, have been the sub)ect of
numerous contributions to'science during the past'fifty years,
while scattered references to these deposits, which extend back
over a century and a half, may be found in the older works.
The Royal Academy of Sciences of Sweden sent the distinguished naturalist, Peter Kalm, who is commemorated in the
generic'name of our beautiful laurels (KahniaJ to America, in
t749, and the results of his travels and investigations were
subsequently published in three volumes at Stockholm, and after_vard translated into English and Freffch. His was, perhaps,
the first contribution to Coastal Plain geology which is worthy
of mention.
Twenty-eight
years later a German naturalist
Johann David Sehoepf, visited this area, and iu a book published
at Erlangen, ten years later, he records many observations of
interest.
The first geologist to attempt any correlation with
Europe was William Maelure, who in various publications covering the period from I8o 9 to 1817, referred the Coastal Plain
deposits collectively to the "Alluvial formation,' *t_e fourth of
the main divisions of Werner's classification.
Samuel Akerly, in i82o, and "James Pierce, in 1823, discussed
the "alluvial deposits" in the vicinity of Raritan Bay without,
however, having added much that was new.
The 'first author to recognize even in slight measure the complexity of the Coastal Plain formations was John Finch, an Englishman, and an ardent collector of fossils. He read a paper
before the Philadelphia .&cademy in 1824, at the dose of his
travels, and on the eve of his departure for England, which was
subsequently published.'
Some years later he published a hook
on the same subject.
He condemns the term "alluvial" and
points out that.the Coastal Plain deposits o{ Maclure and others
are identical with the newer Secondary an6 Tertiary _ormations
of Europe.
The non-marine Cretaceous he correlates on the
Amer. Jour. Sci. (1),
VIIJERSEY
: 31-43,GEOLOGICAL
I824.
NEW
SURVEY
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basis of its contained amber and lignite with the Baltic Tertiary
of Europe.
The credit for th£-first_lefi_/'ife)reeb'gnitib_.b{
the Cretaceous
age of any of the Coastal Plain deposits belongs to Vanuxem
and Morton. Together, in _82). t}my published a paper in the
Journal of the Philadelphia Academy, 1 in which the Coastal
Plain deposits are classified as follows:
Modern Alluvial.
Ancient Alluvial.
Tertiary,
C Lignite.
Secondary _ Mart.
Both Vanuxem and Morton punished subsequent papers, but
their chief interest, however, centered in the fossil remains of the
]_{Iarl.se/-ies, which they correlated with the Lower Chalk, or
Ferru_nous
Sand formation of Europe.
In I832 Conrad divided the Coastal Plain into six formations, i. e. :
Alluvium.
. Diluvium.
Gravier Coquillier, of Brong. Crag (mouth of the Potomac.)
Upper Marine, or Upper Tertiary (Peninsula of Maryland, etc.)
Middle Tertiary, or London Clay and Calcaire grossier
(Ft. Washington, Claibor_e, etc.)
Lower Tertiary, or Plastic Clay (Bordentown,
White
Hil% N. J.; Cape Sable, Md., etc.)
Li_ite,
pyrite and amber are mentioned from the Plastic
Clay formation.
This was the first classification which even
hinted at the true complexity of the Coastal Plain, and from
this time or_ward the latter has been treated not as a single, or,
at most, a few formations, but as a long series of deposits of
varied composition and age.
In I8352 and again in I842a Morton set forth his views on
the classification of the Cretaceous, dividing it into an Upper,
"Jour. Acad. Nat. Sci., Pbl]a., (1) Vo]. 6 : 59-7L i828 (I829).
'Amer. ]our. Sci. (I) Vol. 28: e76-278, 1835.
'Jour. Ac,_d. Nat. Scl. Philo. (I), Vol. 8: *07-227, I84z.
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Medial and Lower series, the former of which is now known to
be largely Eocene, while the latter included not •only part of the
present marine Cretaceous, but the Raritan and Magothy formations as well:
During the decade of i83o to 184o, geological surveys Were
organized in New York, New Jersey, Delaware and Maryland
and these were directed, or taken part in, by William M. Mather,
Henry D. Rogers, J, C. Booth, and J. T. Ducatel. respectively.
Professor Rogers' first report, published in I836, and his final
report of four years later, recognized the following Cretaceous
formations in New Jersey:
Brown Sandstone.
Ferruginous Sand.
Limestone.
Greensand..
Clays and Sand.
The lowermost of these, in a vague manner, corresponds to
the Raritan formation of modern authors.
Ducatel, in 'his
• report for 1837, records the Cretaceous from the eastern shore
of Maryland, and Booth, in his report, which was published
in 184I , divides the "Upper Secondary" of Delaware into the
"Rfid Clay" and "Greensand" formations.
In his first reports
(1837 and 1838 ) Mather mentions the clays and sands of Staten
and, Long Islands, and he points out their probable equivalency
?vith those "of Cheeseciuake and ?datavma Point, on the New
Jersey shore." The earlier New Jersey Survey having come to
an end, a considerable interval elapsed during which local geological activity was at a standstill.
The second survey was
organized under William Kitchell, with George H. Cook as assistant geologist, and in the first report for the year I854, Cook
commenced his series of contributions to the Cretaceous belt
of New Jersey, which continued year by year until his death,
in 1889, after a service as State Geologist extending over twentyfive years.
'
"
Considerable space is devdted, to the Woodbridge and South
Amboy clays in Professor Cook's Geology of New Jersey, published in 1868. His divisions wereas follows: " ..
NEW JERSEY GEOLOGICAL SURVEY
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_"Lignite_
Clay _Potters
Clay.
[ Lignite.
The first fossil plant from the Raritan to receive scientific de
scription was the Podozamites, described by Conrad from file
banks of South River, in Ig_).
Fossil plants had been described
and figured from Marthas Vineyard by Hitchcock as long ago
as I84I (Final Rept. Geol. of Mass., Vol. 2, I84I), and various
authors had mentioned vegetable remains in Maryland and Virginia and other southern states.
These leaf impressions in the Raritan Clays early attracted
the attention of Professor Cook, and large collections were made.
Unfortunately, like the leaves in so many of the unlithified plant
beds of the Coastal Plain, those of the Raritan are usually represented by a /note or less thick sheet of carbonaceous matter,
which, when dry, soon shrinks, cracking and weathering away
and leaving faint and ahnost worthless impressions behind. This
has always been an obstacle to their proper study, as it was in the
study of Professor Cook's collections which were submitted to
Lesquereux.
Professor Lesquereux prepared a list of species,
which was published in the Clay Report of I878, but because of
this poorness of preservation, little reliance can be placed upon
his determinations.
Several of these species have never since
been observed, and they are ignored altogether in the systematic
part of the present report.
The following is a list of Lesquereux's determinations:
Andromeda.
Araliopsis.
Cinnamomun_ Heerii Lx.
Plastic

Daphnophyllum?
(Dryophyl[u_n.)
Glyptostrobus gracillimus Lx.l_Widdringtonltes
Reichii of this report.
Laurus sp.
Leaves of a pecuIiar new kind of fern.
Magnolia alternata Heer. I
Magnolia Capellinil Heer.
Myrica, or Lomatia.
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Persea nebrascen,is Lx.
Platamts Heerii Ix.
Proteoides daphnogenoides
ides of this report.
Proteoides, undeterminable.
Quercus, dentate leaves.
Rootlets.

Heerl=Ficus

daphnogeno-

Rootlets of Equisetum.
Salix protecefolia Lesql=Salix
Lesquereuxi of this
report.
"Sassafras (Araliopsis.)
Seed of Coni[er.
Sequoia condita Lx.
Sequoia, Reiehenbachi Heer?
Sequoia rigida Heer.
Sequoia. Smithsiana Heer (sic.)
Sequoia subulata Heer.
A Sequoia with thick leaves.
Sterculia: sp.
Sterculia, undetermined species.
This list was published in. the special volume of the Clays of
New Jersey, by Cook and Smock." The Raritan area was treated
at length in this work, and the deposits were classified substantially as they are at the present time. Following is Professor
Cook's somewhat generalized section of 1878:2
Stoneware
clay .......
. ....................................
Sand and sandy clay, ....................................
South Amboy fire clay ....................................

3o ft.
50 ft.
2o ft.

Sandy day with leaf-impresslons
..........................
Sand and "kaolin,"
. ......................................

3 ft.
io ft.

"Feldspar,"
Micaceous

. ............................................
sand ..............................

Laminated
Pipe cIay,

day and sand .................................
. .............................................

Sandy clay
Woodbridge

_............

with leaf imI)ressions,
. .......................
fire clay, . ..................................

Sand,
: ..................................................
Raritan
fire clay, ........................................
Sandy llgnitlc clay, .......................................
Potters
clay, ............................................
• : Known

members

Cook and

of the

Smock,

Rept.

Raritan
on Clays,

flora.
1878, p. 34.

2 PAL
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,5 ft.
2o ft.
30 ft.
I0 fl.
5 ft.
2o ft.
15
15
4
20

ft.
ft.
ft.
ft.
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The next author to take up a study of the Raritan flora was
Professor Newberry, whose work extended over a number of
years, during which several minor papers were published, and
which culminated in his Flora of the Amboy Clays, issued in
I896, as Monograph XXVI. of the U. S. Geological Survey,
after the death of its eminent author. In this work, I56 species
were described.
These included, however, species outside the
Raritan formation and younger in age, in one instance even
including a Pleistocene species from the Fish House Clays.
Then, too, Professor Newberry, through failing health, was unable to complete his work, and the posthumous monograph too
often lacks information regarding the localities from which the
various forms were collected.
The name Raritan, as a formational name, was proposed by
Prof. W. B. Clark, in 1893 , to replace Professor Cook's lithological term, Plastic Clays, although the boundaries of the formation remained practically the same. The former author at
one time considered the Raritan the uppermost formation of the
Potomac group, the older formations of which are so largely
developed in Marylan,d and to the southward.
In tbls be was
followed by Prof. L. F. Ward and others, but the Potomac
group has subsequently been. restricted to include the Lower
Cretaceous Patuxent, ArundeI and Patapseo formations.
In I9o 4 the present State Geologist, Henry B. Kfimmel, in
collaboration with Heinrich Ries and G. N. Knapp, published
a very complete report on the Clays an d Clay Industry of New
Jersey, in which the Raritan is fully treated.
In this report the
Raritan is divided into the following members in Middlesex
County :1
Amboy stoneware clay ...................................
Sand bed No. 3 (at times argillaceous and lignitic),
South Amboy fire clay, ..................................
Sand bed No. 2, ........................................
Woodbridge
clay, . ................................
Sand bed No. I .........................................
Raritan clay.............................................
1Final Rept. State

Geol., Vol. VI, I9o4, p. i66.
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25
45
3o to 6o
35
35
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More recently
the faunaof thesedeposits
was described
by
Stuart Weller, in his volume on Cretaceous Paleontology.
The lower "ooundary of the Raritan has never bfien questioned,
but its upper limits have been more uncertain and have called
forth considerable discussion, the present writer having indicated
this upper boundary in I9o 5.
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f:ORNATION.

:_'Troovc_'or_,.
New Jersey has been divided into four physiographic zones.
The oldest of these, known as The Highlands, dates from. remote geological time, its constituent rocks consisting for the
most part of highly metamorphosed crystalline schists. This
zone occupies a broad beit across the northern central portion
of the State, and includes the eastern part of Sussex and Warren
counties, the northern part of Passa:ic Connty, most of Morris
County, and the northern part of HunterdorL County.
It corresponds in age with the Piedmont Plateau of the states to the
southward, and is represented by the basal part of the section
in Figure I. Following the emergence of this belt of land in
early gedlogical times, sediments were laid down along its western borders, and it is these Paleozoic sediments, since much
folded, which today make up the Appalachia*z zone, comprising
the Kittatinny valley and_ mountain of the northwestern portion
of the State, in Sussex and Warren counties.
The third and next younger zone, which is known as the
Piedmont Plain, was laid down on the eastern flanks of the Highland area at a much later date. Topographically, it corresponds
to the Piedmont Plateau region of the states to the southward,
but consists, in NeW Jersey, of much younger rocks of late
Triassic age, and includes roughly all or a part of Bergen, Passaic, Essex, Union, Somerset, Middlesex, Hunterdon, and Mercer counties.
The fourth and yojmgest zone, known as the Coastal Plai;_,,
includes the remainder of the State and extends from the present
coast inland to the exposed area of the Triassic rocks. It is
made up' of unconsolidated and undisturbed sediments, ranging
in age from Cretaceous to Recent.
A glance.at the geological column shown in Figure t, which
is drawn approximately to scale, will show the relative position
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contemporaries of the huge and uncouth reptilia, the Dinosaurs,
Mososaurs, etc., which have long since vanished.
In leading np to a consideration of the Raritan formation,
we need not go back farther than the dOse"of the Triassic period.
After the deposition of these Triassic sandstones and shales
with their accompanying intrusions and extrusions of iga_eous
rock, the whole'region was elevated (the post-Triassic uplift).
The rising land was immediately subjected to erosion, which
went on during the whole of the Jurassic and Lower Cretaceous
periods urttil at length the surface was essentially a vast plain,
the S_:hooley peneplain, as it is called. At some time abo.ut "
the close of the Lower Cretaceous there was a subsidence, or
warping, of this Schooley plain, and deposition along its eastern
flank succeeded erosion. What remains of these sediments now
constitute the Raritan formation of the Coastal Plain, its outcrops forming the western border of the latter. Its strata, diD
ping to the southeast, are successively overlain by younger sedi• ments so that in wells, like that at Asbury Park, several hundred
feet of more recent materials are passed through before the
Raritan clays and sands are encountered by the driller.
DESCRIPTION.

The Raritan formation is made up for the most part of aIterhating beds of clay and sand, with local lignitic deposits and
gravel.
They vary greatly horizontally, as well as vertically,
so much s_ that the different na_em,berswhich are reasonably well
defined in Middlesex County cannot be traced with any degree of
assurance to the southwest.
The clays are of various kinds,
ranging from arenaceous, pyritiferous, at times laminated and
lignitic clays, suitable only for the manufacture of common brick,
to almost white, massive, high-grade fire clays. All of the clay
beds are lcntjcular and some thin out and disappear in comparatively short distances. The sands are equally variable, some are
sharp, nearly pure quartz, others are highly micaceo_s or lignitic or arkosic_ and cross-bedding is frequemly seen. The materials, as a whole, in both their character and rapid lateral
variation, are just such deposits as would probably be found

NEW JERSEY GEOLOGICAL SURVEY

RARITAN

FORMATION--DESCRIPTION.

I9

along a subsiding estuary shore line. Comparable deposits are
being laid down at the present time in Delaware Bay, Chesapeake
Bay, the Gulf of California, and similar mo,re or less land-locked
esmarine bodies of water. The preserved fauna, while comparatively meager, shows fresh or brackish aquatic types with local
instances of strictly marine forms which show that the country
was low-lying and not much above sea level and subject to occasional inroads of the "ocean waters. While it is not feasible to
map the shifting members of the Raritan formation, it is still
possible, especially in Middlesex County, where so many openings have been made, to divide the formation into the seven
members shown diagrammatically in Figure 2. The basal conPeriod.
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County and is frequently
encountered
in well borof Trenton
the basal Raritaa beds, in the absence

of the Triassic, lie unconformably
on the Philadelphia
gneiss, or
schist.
The thickness
of the formation
varies
considerably.
Toward
the northeast
it is probably
in the neighborhood
of
260 feet, while just south of Trenton
it is probably not over
half that thickness.
In a well boring in Delaware,
a much (cf.
Ft. Dupont)
greater
thickness
has been encountered,
but it
must be admitted, that the correlation
of this section possesses
considerable
uncertainty.
There seems to be evidence of a considerable
thickening
down the dip, if the well records
can be
relied upon.
What the original thickness
of the Raritan
formation was is conjectural.
It is certain, however, that post-Rafttan erosion has removed much material.
At the

close of Raritan

sedimentation,

the region

was

suffi-

ciently elevated
for erosion to attack the Raritan
materials.
This interval was not of long duration,
however,
when measured by geological standards,
and the land was soon under water
again, receiving
the sediments that make up the Magothy
mation and which toward their close mark the inauguration
true marine conditions,
which became widespread
in the
ceeding

formations

of the

Upper

forof
suc°

Cretaceous.

CORRELATIOhL
Passing

over the somewhat

diverse

views of the older

writers

who were inclined to regard the Raritan
as of Jurassic
age, *
we find Prof. Newberry,
in I89o, recognizing
the Amboy Clays
as Cenomanian 2 in age and synchronous
with the Dakota Group
This age was also claimed for it by the late Prof. Marsh in several papers
published a score of years ago.
• In continental Europe the Cretaceous system is divided as follows:
Danian.
Senonian.
Upper Cretaceous." Turonian.
Cenomanian.
Unconformity.
Albian.
Aptian.
Lower Cretaceous.- Barremian.
Neocomian.
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of the West. Prof. Ward was the first to point out that the
Raritan was older than the Dakota Group, which is undoubtedly
the case, and it has been customary in recent years to regard
the Raritan as roughly corresponding to the Gault of Eng'land
and the Albian of continental Europe, The view here presented
is that the Raritan flora is much more closely allied with the
Cenomanian of the old world than it is with the Albian or
Gault
At the same time it is quite obviously older than the
Magothy flora, that of the Dakota Group and those of the South
Atlantic Coastal Plain, 2 unless possibly the lower Tusealoosa, of
western Alabama, is equivalent to the upper Raritan in the
vicinity of South Amboy, so that if these latter are to remain in
the Cenomanian, they are to be regarded as Upper Cenomanian,
in which case the Raritan may be regarded as Lower Cenomanian.
European geology fm'nishes a similar case in the
division of the Cenomanian into the substages Rotomaglan and
Caretonian, although probably the parallelism of substages cannot be carried across the ocean. European paleontology furnishes
abundant and well characterized Cenomanian
and Senonian
floras for comi_ariso.n, and by this standard the Raritan, as well
as the somewhat younger Dakota and Magothy floras, are dearly
Cenomanian floras• The Turonian stage of European geology,
on the other hand, has thus far yielded so meager a flora that.
it is practically useless as a basis for comparison, and it may well
be that the flora of the Dakota Group, along with its southern
and eastern representatives--the
Woodbine, Tuscaloosa, Eutaw,
Middendorf, Bladen and Magothy floras, represent tI_e Turonian
stage of Europe• Stratigraphically, there is 11ocontrary evidence
and more or less of the Dakota sandstone would simply go with
• the overlying Benton, which invertebrate paleontologists have
long considered as representing the Turonian of Europe.
If
this view is adopted it seems probable that the Raritan is to be
correlated with, a part of the upper Cenomanian of Europe•
The paleobotanieal evidence for lhe Cenomanian age of the
Raritan formation is briefly as follows:
Ou general grounds,
Older Cretaceous deposits are known from North
hut these are, in-so-far as ktmwn, unfossiliferous,

Carolina
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we find the Raritan flora more complex and modern in its composition than any known Albian flora; for example, dicotyledons
make up 68_ of the Raritan flora, while not a single dicotyledon
is known from the English Oault, and the representation of this
group of plants in the Albian of France and Spain is very meager
indeed, and comparable to the display of these plants in the
Patapsco formation of Maryland and Virginia, the latter showing a striking parallelism with the Albian of the dd world, xxfith
at least one identical species and closely allied representatives
in several identical genera.
Species which are peculiar to the Raritan formation number
54, as .follows :
Acer amboyen_e Newb.
Aralia patens Holl.
Aralla rotundiloba Newb.
Asplenium raritanensis Berry,
Asplenium ]erseye_zais Berry.
Bauhini¢ gigantea Newb.
C_esalpinia Cookiana Holl.
Caespalpi,ffa rarffanensis Berry.
Calycites diospyri[ormis Newb.
Calycites parvus Newb.
Ca pohthus ovaeformzs Newb.
Carpoh'thus prunlformis Newb.
Carpolithns woodbridgcuSis Newb.
Celastrophytlum grandifolium Newb.
Celastrophylh_m minus Holl.
Celastropk3q/un* spatulatum Newb.
Chondrites fiexuosus Newb.
Chondrophyllun_ obooatum Newb.
Chondrophylhtm reticulotum Newb.
Cornop/*yghtm vetustum Newb.
Dewalquea trlfoliata Newb.
Diospyros amboyensis Berry.
Eucalyptus parvifolia Newb.
Fontainea grandifolia Newb.
Hedera obliqua Newb.
[lea" elougata Newb.
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Ile_: amboyensis Berry.
Lauropt_yllum lanceolatum Newb.
Laurophyllum minus Newb.
Leguminosites
raritanenis Berry.
Liriodendron quercifotium Newb.
Menispermites Wardiamls Hollick.
Myriea acuta Holtiek.
Myrica cinnamomifolia Newb.
Myrica fenestrata Newb.
Myrica Hollicki Ward.
Myrica Newberryana Holliek.
M vriea raritanensis Hollick.
Myrsine oblongata Holliek.
Newberrya_a riglda (Newb.) Berry.
Passi[lora antiq_a Newberry,
Planera Knozeoltoniana Hotlick.
Personia spat*data Holliek.
Phyllites trapaformis Berry,
Phyllites undulotns Newb.
Podo_amites acuminatus Hollick.
Populu, f orbicularis (Newb.) Berry.
Protophytlum obovatum Newb.
Prum,s ? acuti[olla Newb.
Querou_ rarltanensis Berry.
Rhamniles Minor Hollick,
No[ix pseudo-I-_ayei Berry.
5phaerites raritanensis Berry.
Williamsonia Smockli Newb.
Obviously these are of little service in correlation, nevertheless all but one or two are dicotyledons of genera, which in
Europe are found only in the Cenomanian and Senouian. Allied
forms are largely represented in the Magothy formation, the
Dakota Group, and the Atane beds of Greenland.
There are xo IAower Cretaceous species which persist into
the Rarltan.
These are:
Aspleni_tm Dkksonlanum Heer.
Celastrophyllum Brittonlanu_m Holliek.
Frenelopsis Hoheneggeri (Ettings.) Schenk.
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GleicheM_ glesekiana Heer.
Gleichenlc_ mlcromera I-leer.
Gleiche_da Zippei Heer.
Podo*amites Kno'_,lto_z{ Berry.
Poda_mites
la_weola:us (L. & H.) F. Braun.
Sequoia Rekhe_bach_ (Gein.) tteer.
Th_3"i_es Mcriani Heer.
Of these the ferns and the gymnosperms, which make up the
buIk of the list, are to be regarded primarily as Lc_wer Cretaceous
types which survived, into the Upper Cretaceous.
Among the
generic types of ancient lineage which are represented in the
Raritan, are Baiera, primarily a Triassic and Jurassic genus,
the Raritan species of which is closely related to forms found in
the Older Potomac, Willia_monia a Jurassic and Lower Cretaceous genus, Brach2phyllum a Triassic and Jurassic genus, the
Raritau species o,{ which is closely related to and clearly descended from Brachyphyl:anz, crassicmlle Font. of the Patapsco
formation, and finally C2eka_*owskia a Triassic and Jurassic
(chiefly Oolitic) genus.
In no part of the world has a single represeneative of any of
these genera been found as late as the Senonian, and it is significant that two of them, Brachyphyllun¢
and C:ekano'_eskia
furnish their last known record in the Cenomanian of Portugal,
while the last occurrence of Baiera and Willla_nsonia" is in the
Cenomanian Atane beds of Greenland.
When the Raritan flora is compared in detail with the Patapsco flora of Maryland and Virginia, many com_non features
are brought out which at first sight tend to be obscured by the
preponderating dicotyledonous element in the former. In addition to the identical or closely related forms previously mentioned, we find among the dicotyledons five Raritan genera
XThe Raritan stpecies B. macrocarpum Newb. is recorded from the following American horizons:
Montana Group of Wyoming, Dakota Gr_p
of
Kansas, Magothy formation m" Long lsland, New Jersey and Delaware, the
Middendorf of South Carolina (?), the Bladen of North Carolina (?), and
the Patoot beds of Greenland (?), the former of course of Ne_lonian age.
"A questionable species is recorded from the Dakota group
species occurs in the Magothy formation.
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which make their first appearance in the Patapseo. These are
Aralia, Celastrophyllurn, Cissites, Eucalyptus and. Ficus.
The
genus Celccstrophyllum, with a large display oh forms in both
the Patapsco and the Raritan, has one identical species, C. Brittonianum Hollick, while C. Hun,teri of the former is' very close
and ancestral, if not actually identical, with C. au_ustifo[i_m
Newb. of the Raritan.
Among the conifers the widespread Widdrb_gtonites ramosus
(Font.) Berry, of the Patapsco, is closely related, if not identical,
with the equally common _Viddringtonites Reichii (Ettings.)
Heer of the Raritan and succeeding formations.
The genus
Frenelopsis has closely related species in both, while Sequoia and
Thuyites have already been mentioned as well as the cycadean
genus Podosamites which extends back to the Triassic.
Two
Raritan species are recorded from the European Albian. These
are Sequoia Reiche**bachi (Gein.) Heer and Eucalyptus aTcgusta
Velen., the former a very wide ranging form and the latter recorded from the Albian of Portugal and the Cenomanian of
Bohemia.
Turning to the elements in the Raritan flora which ally it with
younger floras, we find that 6 of the Raritan species persist as
late as the Senonian of Europe, and 15 are found in the
Patoot beds of Greenland., which are also usually regarded as
of Senonian age. All but 4 of these are, however, found in
the Cenomanian beds of that country, and practically all of the
others and those from_ the Seno.nian of Europe as well, occur
somewhere in Ceuomanian strata. There are 34 species common
to the Raritan flora and that of the Dakota Group, the former
lacking more particularly the numerous,forms of Betula, Quercus, Plata¢zus, etc., which characterize the latter. There are 3_
species common to the Raritan and to the Atane beds of
Greenland, the latter formation being usually regarded as Cenomanian in age, and there are 67 species common to the Raritan
and Magothy floras, although these latter figures are somewhat
obscured by the difficulty ef determining the probable age of
many of the species recorded from Long Island and other areas
in the vicinity ofthe
terminal moraine and by the additional
fact that the Upper Raritau at South Amboy _urnished many

NEW JERSEY GEOLOGICAL SURVEY

26

THE

RARITAN

FLORA.

of these identical species, and it is quite likely that some of the
species credited to South Amboy, on the authority of Prof. Newberry, may really have come from within the Magothy formation, since the Morgan locality, which is of Magothy age, would
not have been kept distinct from South A_nboy as a place name
in Prof Newberry's" day. The following table of distribution
gives in detail the geological and geographical distribution of
all the species known to occur in the Raritan formation at the
present time. The species found recorded, from "near Keyport,"
in Prof. Newberry's report, are all excluded, as this outcrop is
now known to be of I_lagothy age, while the Tiliaephylhu_ recorded from Fish House is now known to be Pleistocene.
As
previously mentioned, no account is taken of the determinations
of Lesquereux, published in the Clay Report of J878, since the
material was so unreliable and embraced a number of forms
which would be most unlikely to occur in these beds.
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The present enumeration of Raritan plants embraces between
I6o and i7o species. Of this number there are from 15 to 2o
whose botanical relations are unknown.
The balance show the
following disposition in the great phylae of the vegetable kingdom: Two Thallophytes are recorded, one a fungus and the
other an alga. Doubtless other representatives of this great
plant phylum were abundant during Raritan time, and possibly
other species could be recorded, but they are so vague in their
characters as to be of little value, except in so far as they show
the presence of these types of plants at this remote epoch.
The Pteridophytes,
or fern-plants,
are represented by 9
species, or .0559'0 of the whole flora. In the existing flora of
New Jersey the percentage is .038%, but this is lowered by
herbaceous plants which are absent from the fossil record. Thus
the Raritan record shows a remarkable shrinkage as compared
with floras of the older Mesozoic, The species present in the
New Jersey beds are all wide-ranging forms of little peculiar
interest in this connection, and, they fall in those Cretaceous
groups which represent the modern families, Gleicheniaceae,
Cyatheacea_, Polypodiace,'e and Ophioglossaceae.
The ferns
are more abundant in the Raritan focmatior_ than they are in
the Magothy formatio1_ or the Dakota group, while they are
considerably less abundant than. in the flora of the Atane beds
of Greenland, where they constitute I I _'o of the whole flora.
As might be expected, the great bulk of the Raritan plants
belong to the Spermatophyta, or seed-plants, and of these 24: are
referred to the Gymnospermae, almost twice as mar_y as are
present in the recent gymnospermous flora of the State. These
are relatively much more abundant, both in individuals and in
species, than they are in the Tertiary or recent floras. Six are
referred to the cycads, one of which is based, on a cone, one on
seed remains, and the bManee on frond fragments.
The oIder
Mesozoic abounded in eycadophytes, which at that time were
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world-wide in their distribution, and they maintained their position with unabated vigor during most of the Lower Cretaceous.
During the Upper Cretaceous, however, they commence6 to
wane, a prophetic hint of their minor position and restricted
range in the floras of the modern world, where they have only 9
genera and less than ioo species. Two of the Gymnosperm_, a
Baiera and a C_ekanowski_, are referred to the Ginkgoales, that
singular order whose sole surviving representative is the Maidenhair tree indigenous in eastern Asia, and commonly cultivated
as an ornamental tree in our parks. This order was a very important element irLthe older Mesozoic, and its two representatives
in the Raritan are to be regarded as surviving elements from the
Jurassic.
Tbey are both confined to the lower Raritan.
This
leaves I6 species of the order Coniferales, or true conifers,
the order to which all of the gymnosperms in the recent flora of
New Jersey belong. The family Taxaceae, which is well represented in the older Potomac formations of Maryland and Virginia, has but one species in the Raritan, Protophyllocla&*s
subintegrifoli,ts
(Lesq.) Berry, of the sub-family Taxm.
Its
botanical affinity is not established with certainty, although superficially it is strikingly like the modern antipodean genus
Phyllocladus.
The balance of the Coniferales are referred to
the family Pinaceae, 4 sub-families being represented.
The
sub-family Abietem includes a species of Pinus, which is first
seen in the Upper Raritan at South Amboy and which persists
into the Magothy formation and is also present in the Upper
Cretaceous deposits in the Carolinas.
Other species are also
present in the Magothy formation along with fossil wood, and
it is to this genus that the abundant amber of that formation is
said to owe its origin.
The sub-family Arancariem, at the
present day confined to the southern hemisphere, but cosmopolitan in the older Mesozoic, is represented by 2 Raritan species,
Dammora. boreaIis Heer, based on deciduous cone scales, and
Brachyphyllum nuwrocarpu_r_ Newb., based on leafy twigs. The
latter is known only from the Upper Rarltan, but, nevertheless,
represents a Jurassic and Lower Cretaceous type, o_ which it is
about the last representative.
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The sub-family Taxodieae is represented by 2. or 3 species
of gequ.oia and z of Genit_ia, all forms with a considerable
geographical
range.
The sub-family Supresseae makes the
greatest display in species during Raritan time, with no less
than 8 recorded forms. These include a species of Th._lja_
another of Thuyites, a wide-ranging Ju_tiperus, Morko_ga, and
2 species each in Widdringtonltes and Frenelopsis.
Modern
botanists include both of the latter genera as synonyms of the
genus Callitris, but there is considerable advantage and good
arguments for maintaining their distinctness.
Widdringtotfftes
Reichii (Ett.) Heer is abundant throughout the Raritan and
Magothy formations and is undoubtedly descended from the
closely allied form of the older Potomac.
Widdringtonites subtills Heer, although present in the lower Raritan at Woodbridge, is more characteristic of the somewhat later Upper
Cretaceous deposits of the Atlantic Coastal Plain. O*_e species
of Frenelopsis is a survivor from the Lower Cretaceous, and the
other is a characteristic form in the overlying Magothy formation
in New Jersey, Delaware and Maryland.
In some respects the
most interesting member of the sub-family is Moriconia cycloto.a'on. Deb. & Ett. described originally
from the European
Senonian of Aachen amI thought to be a fern. A_fterward discovered by Heer in both the Cenomanian and Senonian beds o£
Greenland, it appears in the upper Raritan at South Amfoy.
The Angiospermae, or plants with closed ovaries, usually designated as "flowering plants," make up the balance of the flora.
These are nearly all dicotyledons,
Monocotyledons are usually
less fully represented in fossil floras than are the dicotyledons,
which not only have leaves differentiated into blade and leaf
stalk, but have these parts more resistant ;o maceration, so that
the absence of monocotyledons may simply mean that none were
preserved, although there are very plausible theoretical reasons
for reg'ardlng the mono.cotys as a comparatively moderr/offshoot
from the older dicotys. The monocotyledon known from the
Raritan formation is the single species of £ndlax to which gen_s
the writer has transferred Prof. Newberry's species of Paliurus,
and as this is a rare and not especially significant element in t_e
flora, it may be passed without further consideration.
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Turning to the Dicotyledona_, we find the old group Amentiferal, which by some authors are thought to be reduced higher
plants and by others considered primitive and as partially bridging the gap between the Angiospermae and the order Gnetalcs
of the Gymuospermae, has I8 species, or i4%, in the Raritan.
These include 8 species of Myricales, i of Jttglandales, 8 of
Salicales and I of Fagales.
This is a considerable less showing than is made by this type in the flora of the Dakota Group,
where there are 5o species of Myricales, 6 of Juglandales, 24 of
Salieales and 44 of Fagales.
The order Urtic_les has a species of Play,era and 4 species
of Ficus in the Raritan, the latter including both the lanceolate
pinnately-veined forms and those with a palmate venation.
This
order is much more fully represented in immediately succeeding
floras, the Dakota Group having over a score of species, and the
Senonian, both at home and abroad, a great variety.
The order Proteales, which in modern floras is confined to
the southern hemisphere, has but _ Raritan species, while there
are 6 in the Dakota Group. Later geologic time shows a considerable development of this order, especially in the Tertiary of Europe.
The order Ranales, recently given a prominent place in phylogenetic speculations by English authors, who, on purely theoretical grounds, would connect the Angiospermae through this
medium with the Mesozoic Cycadophyta, has _4 species in the
Raritan, or I9% of its known flora. This is a much less number
than is present in the Dakota Group, from which 8I species are
recorded.
In the Raritan there are 2 species of Dewalqaea,
9 or 50 of Magnolict, 2 of Liriodendron, 3 "of Sassafras, and 2
species of Meni,_permites. At the present day this order is represented in the latitude of New Jersey by mostly herbaceous
forms of the family Ranuncnlaceae, the arborescent forms related
to those of the Rarltart being largely warm-temperate or subtropical species of wide distribution,
strongly represented in
northern South America.
The large modern order Rosales has 43_ species in the area
covered by Brlttou and Brown's Illustrated Flora of the United
States, while in Small's Flora of the Southern United States
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over 8oo species are recorded. The Raritan flora furnishes 16
species, or z37o of the total, and these belong for the most part
to the various families into which the old family Leguminoseae
has been split by modern systematists.
A large number of these
Raritan species are based upon le,'fflets, whose generic relations
are not determinable with certainty.
Deserving of special mention are the 2 species o,f Bqu3#ffa which have such striking
bilobate leaves and which are well characterized and closely related to existing forms in the American tropics.
The order Geraniales is represented in the upper Raritan of
South Amboy by a single specimen of Citrophyllu_
a_igera
(Lesq.) Berry, a widespread species in the overlying Magothy
formation and in the Dakota Group, and with modern subtropical affinities.
In the order Sapindales there are 13 species, or 117o of the
total.
They include a somewhat doubtful species of Acer, 2
of IIe,r, and a Celastr_,s, which is very abundant and is characteristic of the upper Raritan. The genus Ce[astroph3,llu**_, which
appears in abundance in the Older Potomac flora of Ma_land and
Virginia, is especially abundant in the Cretaceous of the Atlantic
Coastal Plain. There are 9 species in the Karitan flora, several of which are especially well marked and some are of large
size. Celastroph3,lh_m cre_atum Heer ranged from Greenland
to South Carolina, and Celastrophyllum Ne'_vberrya_,um Hollick
is an especially abundant leaf in the upper Raritan ;_t South
Amboy, occuring also in the older Raritan deposits at Sayreville.
It hag not been possible to determine from what horizons in the
Raritan Celastropl_yllu.m Britto_iaumn Holliek, and cretacem_z.
Lesq. were collectdd, ?vhlch is unfortunate, since the former has
also been found in the older Patapsco formation and the latter
in the younger Dakota Group.
There are 5 species of Rbamnales and I species of Parletales in the Raritan, the genera present being Rhctmnites, Hedera.
Cissitex, and Passiflora.
The order Myrtales, which includes quite a number of herbaceous species in the modern flora of this region, is represented
in the Raritan by 6 species of Eucalypt_ts, 4 04 which are
confined to the upper Raritan at South Amboy. This genus has
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been recorded from a large number of Cretaceous localities and
becomes even more cosmopolitan in the Tertiary, but is restricted
in modern times to the Australian region.
There are 9 Raritan species of Ulmbell_es, forming 7_
of the angiosperms represented.
This is about one-third the
number present in the Dakota Group. These include 7 species
of Arallct whose modern relatives are to be found, in allied genera
of the warmer regions of the globe. There is a very doubtfully
identified species of Viburnum and a species of Cor_zophyllum
which is closely allied to species of Comus found in the Magothy
and Tuscaloosa formations, the Atane beds and the Dakota
Group.
The order Erlcales has 4 species of Andromeda in the Raritan flora, and the order Primulales has 3 species of Myrsin_e,
all with an outside distribution and with modern representatives
in warmer climes.
The order Ebenales is represented by 3 species of Diosp3_
ros, one of which is very abundant both in New Jersey and elsewhere; and the order Gentianales is represented by a single
species of Accrates.
While the flora as a whole differs from any modern American flora with which it may be compared by the association of
forms which have since become segregated by the diversified
climate of later geological time, it is distinctly suggestive of
existing floras, meaning by this that it is the earliest known
flora in which the same plant groups which dominate in the
present _qora of the globe are largely represented.
Of the 78 genera known from the Rarltan formation, only 32
are extinct, and _i of these genera are gymr_osperms, or lower
plants, and of the remainder about a dozen belong to genera
like Calycites, Carpolithus, Palaeanthus, Leguminosites, etc. Of
the 45 known genera of Raritan Angiospermae, only ii have
since passed entirely away.
With the exception of the Arancarie,'e, Proteaeeze and Eucalyptus, which have since become gradually restricted to the southern .hemisphere, we would have no difficulty in acclim.itizing the
Raritan flora in our present Gulf States, and the modern representatives of the groups since become antipodean would flourish
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in such an environment if they were reintroduced, at least the
only adverse factor would be the pressure of a more complex
flora. This, incidentally, seems to have been the ancient factor
which largely explains their present distribution.
With regard to the climate of the Raritan, the data for forming
any adequate opinion are altogether insnffieient. Although }Viddringto_t,ites and J_renetopsis suggest a certain amount of aridity,
this is overwhelm_ngly opposed by the ferns and cycads and a
host of other forms. The climate w_/s certainly more uniform
than at present, both as regards seasonal changes an4 zonal differentiation.
When large numbers of identical species range from Greenland through southern New England, New Jersey, Maryland,
and the Carolinas to Alabama, and when we find identical Dakota
Group forms in Minnesota and Kansas and then in Texas, and
then in the Upper Cretaceous of Patagonia, it would seem that
the proof that Cretaceous climate was very different, as a whole,
from modern climate rested on a very secure fouhdation.
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Identifiable remains of leaves are by no means uniformly distributed in tile Raritan formation, even in the argillaceous beds.
On the contrary, good material is extremely local. Traces of
former vegetation are much more abundant, as shown by the
black clays, with "hacksel," as the Germans term comminuted
vegetaNe material, and by beds of lignite which are sometimes
several feet in thickness. Usually, however, where leaf remains
occur in these black clays or in the presence of much lignite, they
are so impregnated with ulmlc or carbonaceous matter that they
are very perishable. This is especially true of material collected
around Sayreville and appIies with equal force to numerous other
leaf-bearing outcrops.
The bulk of Prof. Newberry's material
came from one pit in the Woodbridge district (Cutter pit), and
the writer's best material comes from a single pit at South
Amboy (Allen and Clark pit).
There are 24 species for which there are no exact data as to
locality or horizon,
These include a number of species which
occur elsewhere in older or younger strata and whose position
in the Raritan would be a matter of considerable interest. Among
them may be mentioned:
Celastrophyllum Brfttonianum Holliek.
Celastrophyllum cretaceum Lesq.
DehvMquea groenlandica Heer.
Hymenaea dakotana Lesq.
5;equoia concOtna Heer.
Thuyites meriani Heer.
What appears to be one of the lowest leaf-bearing horizons in
the Rarltan is that near its western border, at Milltown, from
which the following species have been collected by Charles H.
Mead of that place and by _Tard and White of the U. S. Geo-
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logical
Survey,allcollected
during1892 and containedi,_the
collections of the U. S. National Museum :
Andromeda Cookii Berry.
Andromeda grandifolic_ Berry.
_1ndromeda Parlatorii Heer.
dspleuium Diclesonianum Heer.
AspIenium jerseyensis Berry.
Celastropl_y_lum angustifolium Newb.
Celastrophyllum _nlnus Hollick,
Cornophyllum vetustum. Newb.
Diospyros primaeva Heer.
Eacalyptus Geinitooi Heer.
F¢cus ovatifolia Berry,
Ficue myricoides Hollick.
Ficus dapN, ogenofdes Berry.
Gleichenia micromera Heer.
Laurophyllum la_ceolatum Newb.
Laurophflhtm
_lervillosum Heer,
Laurus plutonia Heer.
L#'iodendr opsls si_vptex Newb.
Magnolia isbergianua I-tear (?)
Myrica fenestrata Newb,
Myri'ca Hollieki Ward.
Myric_ Newberryana Hollick.
Myrsine borealis Hear.
Myrsine elongata Newb.
Phaseolites n*anhassettensis Hollick,
Sali.v Newberrycma Hollick,
Sali._: men_branacea Newb,
Salix pseudo-Hayei Berry.
Sassafras acutffobum Lesq.
Widdringtonites Reichli Heer.
This florule of but 3° species is far from representative and
contains no elements which can be regarded as allying it with
the older Potomac flora as developed in Maryland and Virginia,
The following species are recorded from the north bank of
the Raritan, just east of Florida Grove, from the upper layers
o_ the Woodbridge clay series:
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Protophyllocladus _ubintegrif ollus (Ix.)
Magnolia woodbrldgensis Hollick.
Ilex (?) elongata Newb,
Liriodendropsis angusti[olla Newb.

Berry.

These were striking enough when collected, but very perishable and furnish no data of especial interest, since much larger
collections have been made from approximately the same horizon at Woodbridge and Sayreville.
From the immediate vicinity of Sayreville, where the material
is much like that fronl the preceding locality, and comes from
the same general level, the Woodbridge clays, the following
species have been obtained:l
Andromeda grandifolia Berry.
An'dromeda Cookii Berry.
Celastrophyllum crenatum Hear.
CetastrophyIlum Newberryanum Hollick.
Celastrophfllum. undulatum Newb.
Chondrites flexuosus Newb.
Cinnamomum Ne_eberryl Berry
Cissites [ormosus Heer.
Comptonla microphylla (Heer) Berry.
Encalpytus Geinitai (Hear) Heer.
!Vicus daphnogenoides (Heer) Berry.
Ficus I/VooIsonl Hollick.
Gleichenia micromera Heer.
Ilex elongata Newb.
Ilex amboyens.is Berry.
Magnolia alternans Heer.
Myrica fenestrata Newb.
Popuhts orbicularis (Newb.) Berry.
Quercus raritanensis Berry.
Sale__ Ne'wberryana Hollick.
Salex membranaceae Newb.
Some few of these were collected by the writer from the Sayre & Fisher
pits. The balance are credited to this locality on the authority of Professor
Newberry's
collections and undoubtedly
are from this same locMity and
horizon.
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Salex Lesquereuxi
Berry,
_4Tiddringtonites Relehii
(Ettings.)
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Heer

Among
these the Gleichenia
is the only striking
old form,
and a number like Salix Lesquereua'i
range considerably
higher
than the Raritan.
Only Juniperns
macilenta
the A_tane beds of Greenland,
.

By far the largest

number

Heer, described
originally
from
is recorded
from Perth Air,boy,
of species

from

a single

locality

is

that recorded
from Woodbridge,
where the Woodbridge
clays
have furnished
the basis of an important
industry
for so many
years.
This locality has yielded 94 species, most of which were
collected from Prof. Newberry or his assistants from the Cutter
pits :
Acer

amboyeme

Newb.

Andromeda
grandi[olia Berry.
Andromeda
Cookii Berry.
Aralia groenlandica
Heer.
_tralla
Aralia

Newberryi
Berry,
patens Hollick.

Aralia quinquepartita
Lesq.
-drctlia rotundilobc_ Newb.
Aralia Wellingtoniana
Lesq.
Asplenium
Dicksonianum
Heer.
Asplenium
Foersteri Deb, & Ettings.
Biera incur'data Heer.
Bauhinia

cretacea

Newb.

Bauhinia

gigantea

Newb.

Calyeites diospyri[ormis
Newb.
Calycites parr'us Newb.
Ca'rpolithus _oribundus
Newb.
Carpolithus

hirst*tns

Carpolithus
Carpolithus
Carpelithns

ovwformis
Newb.
prunlformis
Newb,
woodbridgensis
Newb.

Newb.

Celas_rophyllum
decurrens
Lest 1.
Celastrophyllum
unduIatum
Newb.
Chondrites fle,vuosus Newb.
4 PAL
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Chondrophylhtm obovatum Newb.
Cinnamomum Newberryi Berry.
Cissites crispzts Velen.
Cissites formosus Heer.
Coh#ea primordialis Heer,
Cornophyllum zpetustum Newb.
Cycadi*_ocarpus circularis Newb,
Czeka_zowskig capillaris Newb.
D_tmmara borealis Heer.
Dalbergia apkulata, Newb.
Dewalq_ea trlfofiata Newb.
Dicksonia groeMandica Heer.
Diospyros amboyensis Berry.
Eucalyptus Gelnit,:i (Heer) Heer.
Ficus daph_zoge_2oidex (Heer) Berry.
Fic_*s ovatifolia Berry.
Ficus Woolsonl Holliek.
Fontainea grandifolia Newb.
Frenelopsls Hoheneggeri (Ettings.)
Ge.i*dtzia, [ormosa Heer.
Gleichenia Gicsekia*za Heer.

Scheak.

Gleichenla Zippei Heer.
Hedera obliq_a Newb.
Hedera prlmordialis Sap.
J_glans artica Heer,
]un_:perus hypnoides Heer,
Laurophyllu_?_ angustifolium Newb,
Laurophylh_m lanceolatmJ_ Newb.
Liriodendrom oblongifolfi*m Newb.
Liriodendrom quercifotium Newb.
Liriode_ldropsis angusti[olia Newb.
Liriodendropsis retusa (Heer) Hollick.
LiriodendropSis simplex (Newb.) Newb.
Magnolia alternates Heer.
Magt_olia Hollicki Berry.
Mag_2olia BouIayana. Lesq.
Magnolia Lacoena Lesq.
Magnol!a lo_igipes Hollick.
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Magnolia
Magnolia.

Newberryi
Bhrry.
speciosa Heer,-

Magnolia

woodbridgensis

Hollick.
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Menisper!nites
borealis Heer,
Micro_an_ia gibba (Reuss)
Corda.
Myrica cinnamomi[olia
Newb.
Newberryan,a
rigida (Newb,)
Passi_ora autiqua Newb.

Berry.

Phegopteris
Grothiana Heer,
Phyllites undulatus Newb.
Planera Knowltoniana
Hollick,
Podozamites
Podozamites

lanceolatus
marginatus

(L, & H,)
Heer,

F. Braun.

Populus apiculata Newb,
Protophyllum
obovatum
Newb,
Prunns acutifolia Newb,
Raritania gracilis (Newb)
Sali._ incequalis Newb.
Salix
Salix
Sali.r

Newberryana
raritan,ensis
Lesquereuxii

H, & J.

Hollick,
Berry.
Berry.

Sassafras
Sassafras

acutilobum Lesq,
hastatum Newb.

Sassafras

progenitor

Hollick.

Sequoia Reichenbachi
(Gein.) Heer.
Tricalycites
papwac_*s
Newb.
Tricarpellites
striatus Newb.
Uibarnum integrifolium
Newb.
Widdringtonites
Reichii (Ettlngs.)
Widdringtonites
subtilis Heer.
As determined

by the stratigraphy,

middle Raritau
age.
with the more meager
of the paleobotanieal

Heer.

these are approximately

Paleo,ntologically
florules previously
evidence showing

of

they are closely allied
enumerated,
the weight
that the Raritan
flora

falls naturally into two divisions, an older and a younger.
There
are 76 species which do not occur in the Upper Raritan, of which
IO occur in the Lower Cretaceous.
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The younger or Upper Raritan flora is known from two locali,
ties, the one at the Allen Pits at South Ainboy, which has furnlshed the bulk of the species ; the other at the Hylton Pits along
Pensauken
Creek (near Palmyra),
where the top of the Raritan
is slightly exposed and unconformably
overlain by the arenaceous strata of the Magothy _ormation, which makes up the bulk
of the exposure.
two localities :
Acer

The

amboyensis

following

species are recorded

from

these

Newb.

Acetates
amboyense Berry.
Andromeda
novce-ecsarece Hollick.
Andromeda
Parlatorli Heer.
AraIia

formosa

Heer.

Aralia patens Holliek.
Aralia quinquepartita
Lesq.
Arelia rotundiloba
Newb.
Asplenium
Asplenium

Foersteri Deb. & Ettlngs.
raritanensis Berry.

Brachyphyllun_

maerocarpu_

C6esalpinia raritanensis
Ccla_trus arctica Heer.

Ne_vb.

Berry.

I

Celastrophyllum

crenatum

Cela,_trophyllun_
Celastrophyllum
CelastrophyIlum

decurrens Lesq.
Ne-_vberryanum
Hollick.
spatulatun_ Newb.

Cinnamomum
Newberryl
Cissites crispus Vel.

Heer.

Berry.

Cissites /ormosu_ Heer.
Citrophyllum
aligerum Berry.
Colutea primordialis
Heer.
Diospyros
primceva Heer.
Eucalyptus
Eucalyptus
Eucalyptus

angusta Vel.
attenuata Newb.
Geinitzi (Heer)

Eucalyptus
Eucalyptus

linearifolia
Berry.
parvifol_a Newb.

Fieus

daphnogenoides

(Heer)

Heer.

Berry.
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Holllck.
elegans

Hollick.

Laurophyllum
minu4 Newb.
Laurus plutonia Heer.
Leg_minosites
raritan,_is Berry.
Liriodendropsis
simplex Newb.
Morlconia cyclotoxon Deb. & Ettings.
Myrica c_innamomifol_a Newb.
Myrica Newberryana
Hollick.
Myrsln, e borealis Heer.
Myrsine elongata Hollick.
Newberryana
rlgida Berry.
Pinus raritanensis Berry.
Persoonia Lesquereuxil
Knowlton.
Phyllites
trapaformis
Berry.
Prunus acutlfolia Newb.
Rarltanla gracilis (Ne_b.)
H. & J.
ooali._ flexuosa Newb.
Salix Newberryana
Holllek.
Salix Lesquereuxi
Berry.
Sequoia heterophylla
Vel.
Spherites
raritanensfs
Berry.
Tricalycites
papyraceus Newb.
Thufa. cretacea
Widdringtonltes
Widdringtonites

Newb.
Reichii Heer.
subtflis Heer.

Of these 56 species 27 do not occur in the more abundant

ma-

terial from the lower Raritan
horizons, and many o[ them are
species which characterize
more particularly
the overlying
Magothy formation
or were described
originally
from the Cenomanian of Enrope, the Atane and Patoot beds of Greenland,
or
the Dakota Group of the West, all of which are younger in age.
Twelve of the genera are not even represented
in the older
Raritan,
and, aside from these, certain species like Andromeda
novce-ccesarece Hail, Brach_,phyllum
magrocarpum
Newb., Citrophyllum aIigera
]_exuosa _ewb.,

(Lesq.) Berry, Eucalyptus angu¢ta Velen., Sali:c
Sequoia heterophylla
Velert. are the character-
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istic fossils of the Magothy and allied Upper Cretaceous formations over a wide area. This is interpreted as due to the gradual
evolutioi7 of the !Raritan flora, and does not seem of sufficient
weight to warrant the uniting of the Upper Raritan beds with
the Magothy formation, since, as previously mentioned, some of
Newberry's data are questionable, and the only welt-m,qrked stratigraphic break occurs above the South Aa_boy plant horizon at
the eroded summit of the Amboy stoneware clay.
ORIGINAND RADIaTIOI_.
A great many of the Raritan species appeared at approximately the same time in the western interior, the Arctic regions
and central Europe. The fact that these floras are all so different
from those of Lower Cretaceous age and that they contain so
predominating an dement of dicotyledonous plants renders any
inquiry into their place of origin or their ancestral forms a subject of surpassing interest.
There are no adequate data for a phylogenetie discussion which
is not purely speculative, the present desideratum being a knowledge of those primitive forms from the Older Potomac and an
acquaintance with the flora which flourished while the Sehooley
penepIaiu was being developedA num,ber of the immediate ancestors of Raritan species are,
however, represented in the flora of the Patapsco formation of
Maryland and Virginia, others are undoubted immigrants from "
elsewhere. Where did this mid-Cretaceous flora take its origin?
A number of answers are suggested.
First, it may have originated in eastern or central Asial which is an old continental mass,
and spread from there westward into Europe and northeastward
into the Arctic regions and North America. As pi'e_dously mentioned, it is recorded from Europe, America and the Arctic
regions. It may have originated in Europe and migrated from
thence across the Arctic to Atnerica, or it may have originated
in America and migrated in a reverse direction. "The somewhat
earlier appearance of more modern types toward the close of the
Lower Cretaceous and the somewhat more advanced organization of the Upper Cretaceovs floras of America as compared with
those of Europe renders the former supposition improbable
NEW JERSEY GEOLOGICAL SURVEY
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Eastern America during the tong interval of elevation and erosion, which occupied all of Jurassic time, offers many potential
possibilities as a theater of evolution, as it undoubtedly was, but
the simultaneous appearance of identical types in the mid-Cretaceous of Europe and.America and Greenland is hard to understand if either America or Asia was the center of dispersal. The
remaining alternative is that of regarding the A_'etic area as the
scene of evolution and center of dispersal of the modern flora,
and, possibly, the fauna as well. The facts, while suggestive,
are insufficient for definite conclusions. They serve to explain,
for instance, the presence of the oldest known Comptouia in
deposits in Greenland, New Jersey, Sweden and Bohemia, which
are probably all of Cenomanian age; the presence of Morlcouia
from Greenland southward to South Carolina on this continent
and in central Europe at the same time. In fact, numberless
parallels could be drawn between the Albian and Cenomanian
of America and Europe, so that at least tentatively we may picture successive waves of plant migration sweeping southward
from the Arctic region somewhat as indicated by the arrows in
Figure 3, the recorded floras of middle and later Cretaceous age
being indicated by the solid black areas..

Fig.

3.--Sketch

map

Cretaceous
plant-bearing
tions of migration.

of the

world,

deposits

showing

(ia hl.ack).

approximate
Arrows

location

indicate

_ossible

NEW JERSEY GEOLOGICAL SURVEY

of middirec-

PART II.

Systematic Paleobotany.

(53)

NEW JERSEY GEOLOGICAL SURVEY

SPFCII_S

PHYLUM

THALLOPtt

DI_SCRIBED,

YTA.

Class Fungi.
Order Pyret_omycetes.
Sphcerites raritanensis Berry.
Class Algae,
Chondritece.
Chondrltes tZexuosus Newb.
PHYLUM

PTERIDOPHYTA.

,Order Filicales.
Family Ophioglossace_e.
Ophioglosst_m gramdatum Heer,
Family Gleiehe_fiacem.
Gleichenia. Giesekiaua Heer.
Gldche_ia micromer_ Heer,
"Gleiche_ia Zippei Heer
Family Cyatheace_.
Dkksonia groe_d(mdiea Heer.
Family Polypodiacem.
Asple_dum raritanel_sis Berry.
• _4sple_dum Dieksonial_um Heer.
Asplenium jerseye_sis Berry.
_4spleni_m Foersteri Deb. & Ett.
• Phegopteris Grothialm Heer.
]_H "]LUM _PERMATOPHYTA.

Class Gymnosperm_.
Order Cycadales.
Podozamites
Podo_,amites
Podo,_amites
PodozatMtes

K_tozelteni Berry.
laneeolatus (L. & H.) F. Braun.
margii_at_ts Heer.
acumb_atus Hollick.

(55)
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Microgami_ gibba (Reuss) Corda.
Cycadinocarpus circul_is Newb.
Order Coniferales.
Family Pinace_e.
Sub-family Araucarie_e.
Danhnam boreolis Heer,
Brachyphyllum n_acrocarpum Newb.
Sub-family Abieteze.
Pimts raritanensi_ Berry.
Sub-family Taxodie_e.
Sequoic_ heterophylla Velen.
Sequoic_ Reichenbachi (Gein) Heer.
Sequoia eoncinna Heer.
Geinit_ia formosa Heer.
Sub-family Cupressem.
Thuva cretacea (Heer) Newb.
Thuyites Merioni Heer.
Juniperus macilenta Heer.
Moriconia cyclotoxon Deb, & Ett.
ldTiddringtonites Reichii (Ett.) Heer,
Widdringtonites
subtilis Heer
Frenelopsls Hoheneggeri (Ett. ).
Schenk.
Raritania grocilis (I_ewb.) H, & J.
Family Taxacem.
Sub-family Taxe_e.
Protophyllocladus
subidtegri[olius
(Lesq.) Berry.
Order Ginkgoales.
]3aiera iucurvata I-freer.
Czekano_vskia capillaris Newb.
Class Anglospermae.
Sub-class Monoeotyledonae.
Order Liliales.
Family Smilaceae,
Smilax raritanensis Ber W.
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Sub-classDieotyledonre.
Order Myricales.
Family Myricace_e.
Myrica Hollicki
Ward.
Myrica emarginata
Heer.
Myrica
Myrica
Myrica
Myrica
Myrica

Newberryana
Hollick.
[enestratct Newb.
cimmmomifplia
Newb.
acuta Hollick.
raritanensis
Holliek.

Comptonia
Order

(Heer)

artcica Heer.

Salieales.
Family

Salicacete.

Popuhcs orbicularis (Newb.)
Populus apiculata Newb.
Salix 77e.vuosct Newb.
Salix
Salix
Salix
Sali.r

Berry.

Fagales.
Family Fagaee_e.
Quercus raritanensis,

Order

Berry.

Lesquereztxii.
Berry.
raritanensis
Berry.
#_¢qualis Newb,
Newberryana
Hollick.

oCalix pseudoHayei
Order

Berry.

]uglandales.
Family Juglandace_e.
Yuglans

Order

microphyUa

Berry,

Urtieales.
Family Ulmace_e.
Ylanera Knowltoniana
Family

Hollick.

Moraee_e.

Ficus
Ficus
Ficus

daphnogenoldes
(Heer)
ovatlfolia Berry.
Woolsoni Hollick.

Ficus

m,yricoides

Hollick.
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Order Proteales.
Family Proteaceae.
Persoon_a spalulata Hollick.
P'ersoonia Lesq_ereuxli Knowlton.
Order Ranales.
Family Rammculaceze.
Oewalquea groenlandica Heer.
Dewalquea tri[oliata Newb.
Family Magnoliaceaz.
Magnolia speciosa Heer.
Magnolia Hollicki Berry.
Magnolia alternans Heer.
l_laguolia lon.gipes Hollick.
Magnolia Isbergia_m Heer (?).
Magnolia Lacoena Lesq.
MagnolicL Newberryi Berry.
Magnolia zvoodbridgensis Hollick.
Magnolia Boula_ana Lesq.
Liriodendron oblongifolium Newb.
Liriodendron querci[olinm Newb.
Family Laurace_e.
Sassafras acutilobum Lesq.
Sassafras progenitor Hollick.
Sassafras hastatum Newb.
Laurus plutonia Heer.
Laurophyllum nervillosum Hollick.
Laurophyllum elegans Hollick.
Laurophyllunv lanceolatum Newb.
Lau*ophyllum angastifolium Newb.
Laurophyllum rain,us Newb.
Cin_mmom.ant N_c, berryi Berry.
Family Menispermace_e.
Menispermites borealis Heer.
Menispermites Wardlanus Hollick.
Order Rosales.
Family Leguminos_e.
Leguminosites coronilloldes Heer.
Leguminosites atanensis Heer.
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Leguminosites
Leguminositcs
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omphalobioides
Lesq.
raritanensis
Berry.

Colutea primordialis
Heer.
Liriodendropsis
retusa
(Heer)
lick.

I-lol-

Liriodendropsis
simple_" Newb.
Lirodendropsis
angustifolia
Newb.
Ccesalpinia Cookiana Hollick.
Ccesalpinia raritanensis Berry.
Bauhi_da cretacea Newb.
Bauhinia gigantea Newb.
Dalbergia apiculata Newb.
Hymenwa
dakotana Lesq.
Phaseolites
nmnhassettensis
Order

Prunus
Geraniales.
Family

Order

? acutil'olia

Hollick.

Newb.

Citrace_ei

Citrophyllum
Sapindales.

aligerum

Family Ilicace_e.
Ilex ? elongata

(Lesq. ) Berry.

N'ewb,

Ile,r amboyensis Berry.
Family Celastrace¢.
Celastrus arctica Heer.
Celastrophyllum
Celastrophyllam
lick.

minus Holllck.
Newberryan_m

Celastrophyllu,m.
Celastrophyllum
Cela,_trophyllum
Celastrophyllum
Celastrbphyllum

undulatum
Newb.
decurrens Lesq.
cretaceum Lesq.
crenatum Heer.
spatulatum
Newb.

Celastrbphyllum
Celastrophyllun_
lick.

grandifolium
Brittonlamvt_

Family Aceraceae.
Acer amboyense

Newb.
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Order P&amnales.
FaNily Rhamnace_e.
Rhamnites minor Hollick.
Family Vitace_e.
Hedera obliqua Newb.
Hedera primordiales Sap.
Cissites formosus Heer.
Cissit_s crispus Velen.
Order Malvales.
Family Sterculiacea;.
Pterospermites obovatu3 (Newb.)
Berry.
Order Parietales.
Family Passifloracem.
Passiflora antiqua Newb.
Order Myrtales.
Family Myrtaeem.
Eucalyptus Geinitzi (Heer) Heer.
Eucalyptus linearifolia Berry.
Eucalyptus parvifolia Newb.
Eucalyptus angusta Velen.
Eucalyptus attenuate Newb.
Order Unbenales.
Family Cornace_e.
Cornophyllum vetustum Newb.
Family Araliace_e.
Aralia Newberryi Berry.
Aralla qulnquepartlta Lesq.
Aralia groenlandica Heer.
Aralia rotundiloba Newb.
Aralia patens Hollick.
Aralia formosa [fleer.
Aralia wellingtoniana Lesq.
Order Erieales.
Family Ericace_e.
Andromeda novce-ccesarece Holiick.
An,dromeda grandifolia Berry.
Andromeda Cookii Berry.
Andromeda Parlatoril Heer.
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Order Primulales.
Family Myrsinaeem.
Myreine borealis Heer.
Myrsine oblongata Holliek,
Myrsine Gaudini (Lesq.) Berry.
Order Ebenales.
Family Ebenace_e.
Diospyros _rimaeva Heer,
D_ospyros raritanends Berry.
Calycites diospyri[ormis Newb.
Order Gentianales.
Family Aselepiadaceze.
Acetates amboyense Berry.
Unknown Affinities.
Calycites pa,rvu,r Newb,
Carpolithus prunfformis Newb.
Carpolithus woodbridgensis Newb.
Carpolithus ovae[ormi,_ Newb.
Carpolithus hirsutu, r Newb,
Carpalithus floribundns Newb.
Chondrophyllum
obovatmn Newb.
Chondrophyllum reticulatum Holliek.
Fontalnea grandifolia Newb.
Nezeberryana rigida (N_ewb.) Berry
Pl_yltltes undulatus Newb.
Phyllites trapa[ormis Berry.
Tricalycites papyraeeus Newb.
Trlcarpellites sfriatus Newb.
Viburnum integri[o_ium Newb.
Williamsania Smockii Newb,
WiIliamsonia problematica (Newb.)

5 PAL
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Class FUNGI.
Order PYRFNOMYCFTI S.
Genus SPH_RITES

Unger.

(Gen. et Sp.,' I85_ p. 37-)

SPg,_r_s _A_TAN_CS_S
sp. nov.
Descriptio_.--Viewed
megascopically these remains appear as
oval or circular umbitieate clots from .2 5 rmn. to .5 into., in diameter, with depressed margir_ and enlarged central portion, the
latter occupying two-thirds of the total diameter.
Found in abundance on the under side of leaf fragments (sp.
indet.) in the matted layers of fossil leaveg from the upper
Raritan at the Hylton Pits. Conclusively congeneric with the
forms t_sually referred to this genus and very similar to Sphcrites
problematicus (Knowlt.) Knowlt., from the Dakota Group of
Kansas. The latter is, however, more irregular in outline, larger
in size and infests StercuIia which is not the host of the Raritan
species. While remains of this sort are of little botanical interest
to some, they nevertheless have a considerable biological significance in the evidence which they afford of the existence during
the Mid-Cretaceous of fungi of this order.
Occ_rrence.--_ylton
Pits,
Collecdons.--Johns
Hopkins University.
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ClassALGAl:.
Genus
(F1.

CHONDRITES
d. Vorw.,

vol.

Sternberg.
ii, I833, p. 75.)

CHONDRITES FLEXUOSUS Newb.

Chondrites flexllosus Newb., FI. Amboy Clays, 34, pt. L f. z,
4, I896. Berry, Bull. N. Y. Bot. Gardens, vol: 3: ioo,
I9o3 (?),
Description.--_The remains so-named by Professor Newberry
consist of rather indefinite ramifying vegetable fibers supposedly
algal in their nature, but poorly defined and of uncertain biolbgical significance. They are strictly comparable with similar remains described from abroad and so named from their resemblance to the modern genus Chondric_ Harvey of the Rhodomelaceae.
Schimper 1 forty years ago listed eleven European species,
mostly Tertiary in age. A number of additional species have
been described since that time, including one from the Magothy
formation 2 which is very similar to a Lower Senonian species of
W..estphalia. Most of these species are, however, poorly preserved, and vague in their affinities.
Occurrence.---Woodbridge,
Sayreville.
Collections.--N.
Y. Botanical Garden.
• Pal.
' Berry,

V_g_t.
Amer.

t. I, I86_
Nat.,

p. IM-

vol. xxxvii,

I9o3, p. 677, fig. 9.

NEW JERSEY GEOLOGICAL SURVEY

65

THE

RARITAN

PHYLUM

Order

FLORA•

PTERIDOPHYTA.

PILICALES.

Family GLEICHENIACE2E.
Genus GLEICHENIA

Smith

(Mere- Ac. Turin, voL v, 1791, p. 418.)
G_ElCtt_rlA Zleln_I (Corda)

Heer.

Glelchenia Zippei _eer, F1. Foss. Arct., vol. i; 79, pl. 43, f. ,i,
z868; Ibld., vol. 3, ab. 2: 44, 9o, 97, pl. 4; 5; 6, f.
1-3; pl. 7, f. 2; pl. 25, [" I-3; pl. _26,f. lO-13, I874;
Ibid., vol. 4: 49, pl. 32, f. 6, 7, IB77; Ibid., vol. 6, ab.
2: 36, pl. 3, f. '2, I882; Ibid., vol. 7: 7, 1883.
Velen, Farne b6hm, Kreidef. 6, pl. 3, f, 3-7, 1888.
Newb., FL A'mboy Clays, 37, pl. 3, f. 5, 1896 (?).
.Ward., 19 Ann. Rep. U. S'. Geol. Surv., pt. 2: 664, pl..I6-_,
f.9, _899 (?).
Berry, Bull. Torrey Club, vol. 31 : 67, pl. 4, f. 6, I9o4; Ibid.,
vol. 33: 164, I9o6.
Peeopteris Zippei Corda in Reuss, Versteinerungen, 95, pl. 49,
f. z, I846.
Unger, Kreidepflanzen aus Oestreieh, Sitzungsb. A/cad in
Wein, I867: 8, pl: z, f. z.
Description.--"Gl.
foliis bipinnatis, pinnis valde approximatis,
elongatis, linearlbus, parallelis, pinnatisectis, pinnulis obliquis,
laneeolatis, acutiusculls, integerrimus, basi vix unitis ; nervis pinnatis, herr. sectmd, utrinque 3-5, inferioribus furcatls."
Heer
I868.
Professor Newberry's determination of this species in the
Raritan material is based upon very fragmentary
specimens,
although some of them have traces of the sori preserved.
One
specimen is figured in his flora of the Amboy Clays. These are
sharply contrasted by the beautiful Gleichenia material obtained
by Professor I-Jeer from Greenland. A's far as the New Jersey
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goes it corresponds
exactly
with the more typical
from other regions, and until specimens
are collected
adequate
grounds
for separation,
we are justified in

assuming the.presence
of this species in New Jersey in Raritan
times.
The genus Gleichenia was a prominent
one during the
Cretaceous
with many.characteristic
species, some with a wide
range.
The present species, which ranges through
the Greenland Cretaceous
series from the Kolne beds to those of Patoot,
occurs also in the Lower
Cretaceous
of Spitzbergen
and
Black "Hills; the Cenomanian
of Bohemia;
the Senonian

the
of

Bohemia, Saxony and Bulgaria;
the Magothy
formation
of New
Jersey andDelaware;
and it has recently been collected in the
Upper Cretaceous of the Western Interior.
It is not contained
in any recent collections from the Rat:tan.
, Occurrence._-Woodbridge.
Collections.--N.
Y. Botanical
_LEICHENIA

Gleichenia

Garden:

GI1_SEKIANA

'
Hcer.

Giesekiana Heer, F1. Foss, Arct., vol. I : 78 pl. 43, f.
_a, 2a, 3; pl. 44, [. e,.3, 1868; Ibid., vol. 3, ab. 2: 43,
pl. 3, [. Id, 8; pl. 7, _. i, 1874; Ibid., vol. 6, ab. 2: 35,
pl. 2, [. 9a, b; pI. 13, [. 4 b, 1882; ibid., vol. 7 : 7, pl. 50,
L z-3, I883.

Newb.,

FI. Amboy

Descriptlon.--"G1.

Clays,
fronde

36, pl. 4, f" z2, I896.
diehotoma,

bipinnatipartita,

pinnis

elongatis,
linear:bus,
parallelis,
pinnatipartitis,
pinnulis patent:bus, sublndefalcatis,
oblongis, apice rotnndatis,
obtusis, integerrim:s, basi unit:s, nervulis
fureatis,
soris biseriatis,
rotundis."
Heer 1868.
The presence of this species in New Jersey. like the preceding,
is based upon very fragTnentary
specimens.
It is much larger
than the other Gleichenia-like
fragments
from the Rat:tan
and
agrees closely w'ith Heer's species which ranged
through
the
Greenland
Cretaceous occurring
in the Kome, Atane and Patoot
beds.
It has also been collected recently
taceous of the Western United States.

from

the Upper
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should, be correlated

with

the

genus Cla.dophlebis, which is so abundant in the older formations
of the Potomac Group, but until decisive material comes to light
Professor
Newberry's
determination
should stand.
Occurrenee.--Woodbridge.
Collections.--N.
Y. Botanical
GLEICtIENIA

GldcheMa

mieromera

Garden.

MICROMERA

tIeer,

F1. Foss.

Heer.

Arct.

vol. 3, ab. 2: 55, pl.

Io, [. z4, 15, 1874.
Newb.,

F1. Amboy

Description.--"G1.

Clays, 36, pl. 3, [. 6, 1896 (?).
fronde

bipinnata,

rachi

tenui,

pinnis

valde

approximatis,
patentissimis,
linearibus,
pinnulis minutis,
horizontalibus,
liberis, ovatis, basi utrinque rotundatis,
apice obtusis,
nervis secundariis
simplicibus,"
Heer, 1874.
Like the two preceding
species this is also based on fragmentary
specimens.
These are of a delicate fern with narrow
linear right angled pinnules of
exactly x_,ith the type material.

very'

small

size

which

agree

This species was described originally
from the Kome beds of
Greenland,
which are correlated
with the Urgonian
of Europe,
but this offers no obstacle to its occurrence
in the New Jersey
Raritan
since characteristic
specimens
of other species of this.
genus show an equal range,
Occul"rence.--Sayreville,
Milltown.
Collect_ons._N.
Y. Botanical Garden.
Family

CYATHEACEA_.

Genus DICKSO'NIA Presl.
(Pterid., 1836,17.185.)
DICI¢SO_ClA
a_O_NLAm_ICA
I-reef.
Plate IV, Fig. I.
Dkksonie

groenlandica
Heer, FI. Foss. Arct., vol. 6, ab. 2: 23,.
pl. 35, f. 8, '9, I882.
Ibid., vol. 7: 2, pl. 4g, [. r-3, 1883..
Berry, Bull. Torrey Club, vol. 36: 245, 19o 9.
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D_cksonia boreatis Heer, loc. cir., voI. 6, ab. 2: 23, pl. 44, f. 2,
1882 (not D. bofealis Heer, t878, a very different,
Jurassic spedes).
Anemle strict¢ Newb, F1. Amboy Clays, 38, pL 3, f. L 2, 1896.

,r
Deseriptio_.--"D.
foliis bipinnatis, pirmulis erectis, oblongoIanceolatis, basi attenuatis, integerrimis,
norris subtilissimis,
nervillis angulo ac_to egredientihn% erectis." Heer,. 1882.
Both of Heer's types, which are here united with Newberry's
species, are small fragments of ttltimate pinnae, which their
author confesses are very similar, a fact well brought out by a
comparison of the figured specimens. The material from Woodbridge is more ample, and as may be seen lower down on the
frond the pinnules become toothed and finely pinnatifid, a feature
not seen in the Greenland material.
There is slight reason,
however, for doubting their identity, Newberry himself pointed
out that Dicksonie borealis of Heer was probably identical with
his Amboy clay species. Although common at Woodhridge, N.
J., this species has not been foung elsewhere in the Coastal Plain
except for a single specimen which the writer discovered recently
in the Tuscaloosa formation of Alabama.
It is present at both
the Atane and Patoot horizons of Greenland..
Occl_rfeuce.--Woodhrldge.
Collections.--N. Y. Botanical Garden.
Family POLYPODIACE2E.
Genus PHEGOPTERIS
(Pterld.,
PH]?.GOPTEI_]_S

-

Presl.

18,36,p, I79.)
C_ROTI_IANA

Heer.

Phegopteris Grothiena Heer, F1. Foss. Aret., vol. 7 : 3, pl. 48, f,
.re, i3, I883.
Newb., F1. Amboy Clays, 42, pl. 3, [. 4, 1896,
Descripli_)m--"P. foliis bipiunatis, pinnulis patentibus, tiberis,
basi ,'equalibus, 4 ram. latis, 2o--22 ram. longis, linearibus, erenaris; nervis seeundariis ramosis, nervillis simplicibus."
Heel
1883.
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Like most of the Raritan fern-remains, those representing the
present species are fragmentary and inconclusive, resembling, as
far as it is possible to judge, Heer's type material which came
from the Patoot beds of Greenland. As the latter is supposed to
be of Senonian age, it is possible that the New Jersey forms
belong to a different species of this genus, but of this it is impossible to form a satisfactory conclusion. It is to be hoped that
additional and better material will some day be collected which
will definitely settle the question.
Occurrence.--Woodbridge.
Collections.--N. Y. Botanical Garden.

Genus

ASPLENIUMI

(Sp.

Linn_.

PI., I753, p. Io78.)

ASPLENIUI_I DICKSONIANUM
Plate

V, Figs.

Heer.

3, 4.

,dsplenium Dicksoniauum Heer, F1. Floss. Arct., voh 3, ab. 2 : 31,
pl. I, f. z- 5, 1874; Ibid., vol. 6, ab. 2: 3, 33, pl. 2, f. 2;
pl. 32, [. 1-8, 1882.
D'awson, Trans. Roy. Soc. Can., vol. 1, see. 4: I1, 1883;
Ibid., vbl. 3, see. 4: 5, pL 3, [- z, 1885; Ibid., vol. IO,
sec. 4:91, 1892; Ann. Rept. Can. Geol. Surv., N. S.,
vol. I : 76, 1886.
Lesq,, F1. Dakota Group, 24, pl. L [. I, I892.
Newb., FI. Amboy Clays, 39, pl. z, [. 6, 7; pl. 2, "f. z-g; pl.
3, f. 3, _896.
Ward, i9th Ann. Rept. U. S. Geol. Surv., pt. 2: 7o4, pl.
17o, f. z, I899; Journ. Geol. vol. z: 259, e61, I894.
Fontaine in Ward, I9th Ann. Rept. U. S. Geol. Surv., pt
: 664, pL r6e, f..6-8, 1899 (non Font. I888).
Kurtz, Contrib. Palaeophyt. Argentina III, Rev. Museo La
Plata, vol. IO: 49 (I899) I9Oe.
Descr_ption.--"X.
foliis triplicato-pinnatis,
stiplte firmo, rigido; pinnis prim,ariis secundariisque ovato_lanceolatis, pinnulis
anguste lanceolatis, inferioribus acute serratis, superioribus integerrimis, acutis."
Heer, I874.
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This species was described originally by Heer from the Kome
beds of Greenland and was subsequently identified, by the same
author from the much later Atane beds; Dawson reports it from
a number o,f localities irt the Kootanie of British Columbia, and
Fontaine and Ward describe it from the Lower Cretaceous of
the Black Hills.
It is also reported by both Lesquereux and
-Ward from the Dakota Group and by Kurtz from Argentina.
It seems very doubtful if these can all be the same plant, and the
gelogical range alone suggests that the earlier and the later forms
may be distinct. The Lower Cretaceous forms certainly suggest
a relationship with those wide-spread types of sterile fronds
.variously identified as Thryrsopteris or Onychiopsis, while those
from the Upper Cretaceous suggest Anemia rather than Asplen'i_m. However, in the absence of representative material from
the different horizons, it seems unwise to attempt any segregation at the present time.
The specimens from the Raritan are abundant at the Woodbridge horizon and many excellent figures are given by Newberry in his Flora of the Amboy Clays.
Occurrence.--Woodbridge,
M_illtown.
Collections.--N. Y. Botanical Garden.

ASPI,F.NIUM FO_STERI Deb. & Ettings.
Plate V, Figs. I, 2.

Asplenium

Foersterl Deb. & Ettings, Urwelt. Acrobry. v.
Aachen, I3, pl. '2, f. 4-7, II, I859.
Schimp., Pal. V_g_t., I : 658 , i869.
Heer, FI. Foss. Arct., vol. 3, ab. 2: 93, pl. 26, f. _, I874;
Ibid., vol. 7: I74, 266, I883.
Velenovsky, Fame b5hm Kreidef, i5, pI. I, f. _4, I888;
Kvfitena cesfiho cenomanu, 48, 52, 6o, I889.
Newb., FI. Amboy Clays, 4r, pl. 4, f- x-zI, I896.
Zeiller, Ann. Mines, March, I9o5, p. 7, pl. 7, [. I.

Deserlptlon.--"A.
fronde pinnata (v. pluries pinnata?), pinnis regulariter alternis, eonfertis, subdeeurrentibus,
subangulo
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50 ° circiter arrectis, late frondosis, lineari-lanceolatis, lobatodentatis vel basi pinnatifidis vel pinnati-partitis, laciniis ovatoobtusis apice denticulatis, vel ovato-acuminatis,
sub-alternis,
eonfertis, terminalibus longe lineari-laneeolatis,
angustissimis,
remote dentatis; nervis venisque strictis, arrectis, simplieibus vel
saeplus furcatis, creberrimis."
Debey and Eitings, 1859.
A considerable number of specimens, which Professor Newberry identified as this species, were found in the Raritan.
They
are more complete than the material so identified from elsewhere
and show several minor differences.
The lower pinna of the
former are widely separated, opposite or sub-opposite, and
markedly dceurrent as well as unsymmetrical.
Higher up, however, the pinnae become closer until they finally unite, passing
from notched to simple lobes, and these latter are very similar
to the type of the species. The texture is coriaceous and the
venation fine and IargeIy obsolete.
The species is recorded from the Cenomanian of Greenlartd
and Bohemia and the Senonian of Prussia and Bulgaria.
The
remains referred to this species by Lesquereux from the much
older horizon at Cape Lisbourne, Alaska, are found to be identical with Cladophlebis Huttoni (Dunk.) Font.
Occurrence.--Woodbridge,
South Amboy.
Collections.--N.
Y. Botanical Garden.

ASPLENIUN

RARITANENBE

Berry.

,4splenium raritanense Berry, Bull. Torrey
pl. 18, _g. z, 19o9.

Club, vol. 36:246,

Descrlptio_.--Frond
or pinnae unknown.
Pinnules small 1.33
cm. long by IO ram. in greatest breadth, ovate in outline with
narrow somewhat straight-sided base, palmately divided into I
term,inal and 2 pairs of lateral, rounded, not deeply parted, lobes.
Margin entire at base and in sinuses, sharply toothed on the
lobes. Venation flabellate, about 7 veins enter the base of the
pinnule, these soon fork dichotomously, the ultimate divisions
terminating in the marginal teeth.
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Fig. 4,--Asplenlum

rr_ri¢anense Berry.

Hylton

Pits, Pensauken

Creek.

This species, which is quite unlike ar_ything heretofore known
from the Raritan, is unforttmatdy
based on the single tiny
pinnule figured. The general form and habit remain unknown.
It is markedly distinct from any described :(ossil species known
to the w[iter, although show{rig some points of resemblance to
various arctic species referred, to this genus by Professor Heer.
Since the chances of more representative material being found
are remote, it has seemed best to describe it under the above
name.
Occurrence,--Hylto_
Pits.
Collection.--Johns
Hopkins University.

Description;.--Frond
compound (?).
Plunm linear in outline,
made up of alternate triangular somewhat falcate pinnules. The
latter have acute tips and entire margins; they are attached by
their entire base. Rachis very stout. Texture extremely thick
and coriaeeous.
Midrib stout, branching from the rachis in the proximal half
of the pinnule, giving off alternate, apparently forked secondaries
on either side.
This species is based upon the incomplete specimen figured
and its counterpart.
In appearance it is exactly like so many
Cretaceous fern-fragments
which are referred to the genus
Gleiche_ia, as for example Gleichenia graeilfa" Heer or Gldchenia
acutiIoba Heer, it being parfftculariy dose to the ]3ohemian re-
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mains referred to the latter species by Velenovsky. 1 The New
Jersey species is clearly not a Gleichenia, however, since the tiny
fragment preserved is part of a fruiting plant, and while the
preservation is too poor for discerning the details, it is sufficiently

Fig. 5.--Asple_ium

jerseyensis

sp. nov. Milltown,

N. J.

good to show the remains of oblong-Ianceola_e sori on the lateral
veins of the pinnules exactly as in many species of Aspleniun_, to
which.genus it is consequently referred.
It differs from any
previously described Cretaceous forms, although a similar but
larger Asplenium in fruit has been collected by the writer from
the Magothy formatidn at Grove Point, Maryland.
Oceurrence._Milltown.
Collection.--U.
&. National Museum.

Family OPHIOGLOSSACE2E.
Genus OPHIOGLOSSUM

Linn6.

(Sp. PI., _753, p. io62.)
OPI_IOGLOSSU_I

GRANULATUM

Heer,

OPhiogIossum gramdatum tteer, F1. Foss. Arct., vol. 7 : 8, pl. 57,
f. 8, 9; I883; Newb., FI. Amboy Clays, 43, pl. 9, f. zI-I3,
1896.
_Velen.

Die Fame

der B6hm, Kreideform,

p. 7, pL iii, figs. 8-1o, 1888.
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spica fertili elongata,
sporangiis
I_ ram. longls."
Heer, i883.

distichis,

This species described originally by Professor
Heer from the
Patoot beds of Greenland
and compared with the fertile frond
of Ophioglossum
vulgatu_.'has
been founcl in considerable
numbers in the Raritan
clays, although
Professor
Newberry
to indicate the exact localities.
There can be no question

failed
of the

identity of the Greenland
and the New Jersey material.
The
reference
to Ophioglossum
is not so conclusive,
and many
students will echo Newberry's
supposition that these remains are
those of staminate
cones of some species of conifer.
Since no
new light can be shed on their systematic position, they are retained where Heer and Newberry
Occurrence.--Locality
unknown.

placed

them.
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PH YL_U_I SPERMATOPKYTA.

Class GYNNOSFERNA[.
Order

CYCADALES.

Genus PODOZAMITES F. Braun.
(In Miinster, Beitrage,¥ol. II, 1843,p. 28.)
P01_ZAMITES

MARGINATUN

Hear.

Podogamltes mcrrginatus tteer, F1. Foss. Arct., vol. 6, ab. 2 : 43,
pl. 16, f. Io, 1882.
Newberry, F1. Amboy Clays, 44, pl. 13, f. 5, 6, 1896.
Berry, Bull. N. Y. Bot. Garden, vol. 3: 99, pl. 46, f. 1-3,
19o3.
Description.--"Z.
foliis magnis, foliolis elongato-lanceolatis,
23 ram. latis, apicem versus sensim angustatis, multinerviis, late
et fortiter marginatis."
Heer, 1882.
Leaflets large, 15 cm. to 2o cm. in length by 2. 3 cm. to 4 era.
in breadth, Ianceolate in outline, somewhat falcate. Apex obtusely pointed. Proximally somewhat abruptly narrowed to an
apparently thickened base. Veins numerous, close, fine, parallel.
Remains of a large parallel-veined leaf, apparently a leaflet of
Podoza_ites, are not uncommon in the Raritan deposits, although
unfortunately they are usually fragmentary.
They seem to be
identical with the type material of this species described by Heer
from the Atane beds of Greenland, which ranges southwards
along the Atlantic coastal plain as far as Alabama.
Occurrence.--Woodbridge.
Collectiona.--N. Y. Botanical Garden.
PODOZAMITES

KNOWLTONI

Berry.

Podozc_mites gngustifoliu.s (Eichw.) Schimper, Pal. V_g6t. vol.
2: i6o, 1872 (non Sehenk, 1868).
Lesq. Cret. & Tert. FI., 28, 1884; FI. Dakota Group, 27,
pl. z, f. 4, 1892.
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Newb., F1. Amboy Clays, 44. pl. 13, f. ,', 3, 4, I896 (non

f. 2).
Zam4,tes anguat_fotius EichwaId, Leth_ea rossiea, vol. 2: 39, pl. 2,

fT.
Podo_amites Knowltoni
19o9.

Berry, Bull. Torrey Club, vol. 36: 247,

Descript_on.--"Foliolis
elongato-linealManceolatis,
centim. 6
cireiter Iongis, infra medium millim, 5 latis, basimversus margine
inferiore subltius angustatis quam superiore, decurrentibus, sat
approximltls et erecto-patentlbus."
Schimper, _87o.
In I87o Schimper referred the Zamites angustifolius
of
_ichwald. to this genus, overlooking the fact that Schenk four
years earlier had described and named a species of Podozctmites
an.gustifolius.
The natural impulse would be to call this P.
Eichwaldi, but Eichwald has already had a species of Podo:amites named for him in consequence of which the above name is
proposed in honor of Dr, F. H. Knowlten of [he U. S. National
Museum.
This species has a wide range, both geological and
geographical.
It is common in the .lurassic of high latitudes in
Russia, Siberia, Bornholm, and Spitzbergen, and in the Upper
Crejcae6ous indistinguishable remains are widely distributed in
America. The abundant Raritan remains are long-lanceolate, 5
em. to 15 cm. in length by 6 cm. to 1.2 cm. in width, the base
narrowed to a. short petiole, the summit being long pointed
and the venatio'n fine. They are similar to the leaflets of
I_odo_amites lanceolatus, but are usually longer, narrower and
more flexuo,us in outline.
Aft of the Raritan species of Podozamites, in common with
those from other localities and horizons, which are based on
detached leaflets, are extremely unsatisfactory from the standpoint of the botanist, since their true position remains doubtful.
It has been suggested by more than one author that some of these
remains ascribed to Podoo°amites were not cyead leaflets at all,
but were probably referable to the Arancarie_e or some other
sub-family of the Coniferales, but the available facts do not warrant any definite conclusion at the present time, and until positive
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information is at hand it would be unwise to alter the present
nomenclature.
Occurrence.--Woodbridge.
CoUection_.--N. Y. Botanical Garden.

PODOZAMITES
LANCEOI*ATUS
(L. & H.) F. Braun.
Zamia lmweolatc_ L, & H., Foss. F1. vol. 3, pl. Ip3, I836.
Zamites lameolatus F. Braun., Verzeich. Kreis.-Nat.-Samml.
Bayreuth Petrefact., IOO, I84O.
Podozamites lanceolatus F. Braun in Miinster, Beitr. Petrefactenkunde, vol. 2, pt. 6: 33, 1843.
Schimper, Pal. V6g6t., vol. 2: i6o, 187o.
Velenovsky, Gymn. BShm. Kreidef., II, pl. 2, f. Ir-I 9, 24,
1885.
Dawson, Trans. Roy. Soc. Can., vol. 3, sec. 4 : 6, pl. _I, f, 3,
I886.
Lesq. F1. Dakota Group, 28, pl. r, f. 5, 6, 1892.
Penhallow, Summary Geol. Surv. Can., 19o4: 9, 19o5.
Fontaine irt Ward, Mon. U. S. Geol. Surv., vol. 48: 1IO,
pl. 24, f. IT-CO, 1906.
Knowlton, Smith. Misc. Coll., vol. 4, pt. I : 12o, pl. 14, f. 4,
19o7.
Hollick, Mon. U. S. Geol. Surv., vol. 5° : 35, pl. 2, f. I, 19o7.
Podozam#es proxhnans Conrad, Amer. Jour. Sci_, (n) voh 47:
361, tf. 1869.
Podozamites angusti[olius Newb., F1. Amboy Clays, 44, pl. I3, [.
2, 1896 (non f. I, 3, 4).
Honick, BuIl. N. Y. Bot. Garden, vol. 3:41°, pl. 7z, [. g,
19o4.
Description.--"Pinnis
distantibus, alternis oppositisve, elongatis, basi sensim angustatis, inferioribus lanceolato-linearibus,
superioribus elongato-ellipticis; nervis erebris." Schimper, 187o.
This is a species of great vertical range, being recorded from
the Jurassic upward to the Upper Cretaceous. The lateral range
is equally great, embracing two continents, North America and
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Europe.
It is quite probable that it is composite, hut no certain
grounds for segregation are apparent.
While some students may doubt the wisdom of correlating
these Upper Cretaceous forms with a species which is essentially
a Jurassic type, specific differe_ltion founded merely upori stratigraphy has gone astray so often that in cases like the present
synthesis may well precede analysis, and it might be added that
this was the view taken by Holliek 1 with reference to material
from Glen Cove, Long Island., and by Velenovsky _ in. studying
the Cenomanian flora of Bohemia.
This was the first fossil plant from the Raritan which received
a specific name, having been described and figured by Conrad in
1869, who, however, failed to perceive its identity with the
Podoza_ites lanceolatus of European authors.
As found in the Raritan the leaflets are detached, lanceolate in
outline, pointed at both ends and widest near the base. Length
about 7 cm., and width about 8 ram.
Occurrence.--Woodbridge,
along South River (Conrad).
coilections.--N.
Y. Botanical Garden.

PODOZAlCIIT_$ ACUMINATUS I-IO1]iCl<.

Podozamites acumi_l_tus Hollick in Newb., F1. A_mboyClays, 45,
pl. z3, f. 7, 1896.
DescripHo_.--Leaflets
long, about 16 cm. to i8.em, in length,
I.I era. in width, with a long slender acuminate tip. Venation
open. Veins eleven in number, about I ram. apart.
This imperfectly characterized species was based upon a single
fragmentary specimen collected at the Woodbridge horizon, and
as no additional specimens have come to light, its status remains
doubtful.
It is hardly worthy of a place in the literature, but
since it is already established it has to be considered. It is clearly
different from the other remains of Podozamites hitherto disHollick,

Mon.

_Velenovsky,

U. S. Geol.
Gymn. B6hm.
•6 PAL

Surv.,

vol.

Kreidef.,

L, _9o7, p. 35.
II

pl. 2, f. 1I-I9,

24, I885.
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covered in the Raritan formation, and these differences may well
be of specific value. It is to be hoped that additional and more
representative material may eventually be collected.
Occurret_ce.--Woodbridge.
" Collections.--N. Y. Botanical Garden.

Genus MICROZAMIA

Corda.

(In Reuss. Verst. B6hm, Kreidef., ab. Ii, i846, p. 85.)
MIC_ROZa_IAc_A

(Reuss)

Corda.

Conites gibbus Reuss, Geognostisehe Skizzen, vol. 2 : 169.
Zamiostrobus gibbus Schimp. PaI. Vdgdt, vol. 2 : 202, 187o.
Microzamia gibbe Corda in Reuss. Verst. Bdhm, Kreidef. ab.
2 : 85, 1846.
Velen., Gym. Bdhm, Kreldef., 6, pl. 3, [. 5-_6; pl. 4, f. 6;
pl. 5, [. 8, 1885.
Newb., FI. Amboy Clays, 45, pI. I2, f. 6, 7, 1896.
Description.--Judging
from Corda's original drawing, which
is preserved in the library of the N. Y. Botanical Garden, and
from the numerous figures published by Velenovsky, the European specimens, which come from several Cretaceous localities in
Bohemia (Lann, Vyserovic, V(eissenberg, etc,), are correctly
identified as cyeadaceous fructifications.
With regard t9 Newberry's specimens no such certainty can be entertained.. The type
material cannot be found at the N. Y. Botanical Garden, and what
specimens of this species are in the collections of that institution
are in a very poor state of preservation.
Newberry's figures are
only remotely like those of the European material, and his determination must be considered very doubtful, althongh there are
no apriori reasons why this form should not occur in the Raritan,
since cycad foliage is rather common, and the New Jersey and
•Bohemian Cretaceous have quite a number of identical species.
A fact tending to throw still more doubt on Newberry's iderrfication was observed some years ago whiIe collecting from the
Magothy formation at Cliffwood bluff, New Jersey.
At this
point the clays are full of pyritlzed cones which are identical
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with those described fromQuedlinburg,
Geinitzia [ormosa and :by Newber_yand
gracillima.
These cones are not always

79_

'Saxony;.by',Heei"
as
the writer as Sequdii_
pyritik_d, but are some-

times simply lignified add flattenec[ in:the clays, and in the:latter
state they are distinguishable.with
difficulty from. the specimens:
labelled Microzamia
gibba in the collections of the N. Y.. Botgn:,
ical Garden.
Foliage se6mingl_r cot:rectly identified as that of
Gdnitzia [ormosa has been recorded froh:t "Woodbridge by Newberry and from Cliffwood Bluff by7 thewriter,
so that the presumption is strong that Newberry's
Microzamla
gebba really is
Ge_nitzic_ formosa.
Because I have been unable to find Newberry's types or to settle the question beyond reasonable
doubt,
and influenced
somewhat
by the fact that the cones called
Geinltzia formosa or Sequoia gracillima are so very abundant irt,
and characteristic
of, the overlying Magothy
formation,
I have
not thought
time.

it wise to make any change

Occurrence.--Woodbridge.
Collections.--N.
Y. Botanical

in name at the present

. .
Garden.

Genus CYCADINOCAR.PUS Schimper.
".

(P al. Veget.,
' "

vol.

II,

" ,.

_ 87 o, p. 2 o8 . )

CYCADn_OCAM?_S ClRCULA_IS _'_ewb.

Cycadinocarpus
circularis Newb., F1. _Mnboy Clays, 46i pl. 46, f.
I-4, 1896.
Smith, Geol. Co_s_:al Plain in Ala., 348, I894.
Descriptlon.--Discold
fruits almost circular in 0utline from 6
mm. to 12 into. in diameter,
somet{mes slightly emarginate
on
one sid_ at the point

which

Professor

Newberry

believed'to

be

the point of attachment
but which is probably the distal microp3_tar extremity.
As usually preserved the impression shows two
concen'_ric circles I to 2 ram. aparL the inner representing
the"
outline of the inner seed coat and the outer layerthe
slightly

n.eshy
exte a!
co t.
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These fruits always occur detached and are present it/ considerable abundance at Woodbridge, but have not been detected
from other localities in the Raritan.
Similar remains are recorded from the Tuscaloosa formation of Alabama, and they are
also present in the Blader_ formation of North Carolina.
As
their name indicates they are assumed to represent the fruit of
some contemporaneous species of cycad.
Occurrence.--Woodbridge.
Collection*.--N. Y. Botanical Garden.

Order CONIF[RALES.
Family PINACEZ_.
Subfamily ARAUCARIETE.
Genus

DAMMARA

Lain.

I]', 1786,

p. 259.)

(Encyc.
_MMARA

Dammara borealls Heel

BOP-_IS

_eer.

F1. Foss. Arct., vol: 6, ab. 2 : 54, pl. 37,

f. 5, I882.
Velen, Kv_tena eesk6ho cenomaon., 7, pl. I, f. 28, _9, I889.
Hollick, Trans. N. Y. Acad. Sci., voL 12: 31, pl. z, f. z7,
I892 ; Bull. N. Y. Bot. Garden, vol. 2 : 402, pl. 41, f. 6,
_9o2; U. S. Geol. Survey, Mon. 5o: 37, pl 2, [. _-zz
(pars), z-_-26 (pars), zTa, I9o 7.
Newb., FL Ahlboy Clays, 46, pl. zo, f. 8, 1896.
Hitchcock, Final Rept. Geol. Mass., vol 2 : 430, pl. z 9,
f-4,5, _84I.
Description.--"D.
strobilorum squamis coriaceis, radiatim
sttlcatis, 22 ram. latis, apice obtuse rotundatis, apieulatis, basi
attenuatis."
Heer, 1882.
Scale-like organisms from I era. to 2 cm. or possibly more in
length, rounded distally and showing in some specimens a but
slightly emphasized apieulate point. Greatly expanded laterally
in the upper part to a breadth reaching 2. 5 cm., abruptly contracted at about the middle to a cuneate or straight-margined
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flat stalk about 5 ram. in width, with numerous resin-canals
approximately parallel with the lateral margins artd dying o_,t
proximad, filled with an 2mber-like substance,
Remains of this species were described and figured by Hitch. cock in his account of the organic remains found at Gay Head,
Marthas Vineyard, as long ago as 1841. He did not name them,
but remarks:
"It seems to me very obvious that these remains
must be the seed vessels of some coniferous plants."
trL I8_2
Professor Heer found similar forms in the material from the
west coast of Greenland and named aM described them, as well as
two other very similar forms, and definitely recognized their relation to Da_lzmara. Subsequently they have been recorded from
the European Cenomanian by Velenovsky, Krasser and Beyer,
from the Raritan formation by Professor Newberry, from. Long'
Islar_d and _taten Island by Holl_ck. Unpublished work of the '
writer will extend their range southward to North Carolina and
Alabama.
They are abundant in the Raritan formation at
Woodbridg'e and occur at the South Amboy horizon immediately
across the Arthur Kill on Staten Island.
Similar remains have been considered by Heer, White,
Krasser and others as representing the fruits of Eucalyptus, but
it seems obvious that their relations are definitely with the
Arauearian conifers.
Occurrence.--Woodbridge.
Collections.--N. Y. Botanical Garden.
Genus BRACHYPHYLLUM Brogn.
(Prodrome, I828,p. lO9.)
BRACHYFI_YLLUM
Plate

MACROCARPUM

Ncwb,

VII.

Tlmites crassus Lesq., Cret. & Tert. FI., 32, 1884.
Brachyphylh*_
crassu;n* Lesq., Proe. U. S;. Nat. Mus., vol.
lO: 3_, I887; F1. Dakota Orotlp, 32, pL 2, f. 5, 1892
(rLon Tenison-Woods, I883' ).
Newb., F1. Amboy Clays, 51, pl. 7, [. z-7; I896.
Brachyphflh*m sp., Knc_wlton, Bull. Geol. Soc., Am'. vol. 8: 137,
14o, _897.
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"Brachyl_hyllun_ macrocarpulr_, Newb., MSS name mentioned in
footnote, p. 51, FI. Ambov Clays, 1896.
Krtowltou, Bull. U. S. Geol. Surv., No. 163 : 29, pl. 4, f. 5,
6, 19oo.
HolIiek, Bull. N. Y. Bo.t. Garden, vol. 3 : 4°6, pl. 7o, f . 4,5,
19o4; ,_5. S. Geol. Surv. Mort. 50:44, pl. 3, f. 9, Io,
19o7.
Berry, Ann. Rept. State Geol. (N. J.) for 19o5; 139, 19o6;
" Bull. Torrey Club, vol. 32 : 44, pt..2, f. 9, 19o5 ; Ibid.,
vol. 33: I68, pl. 9, 19o6.
Hollick and Jeffrey, Amer. Nat., vol. 4o: 2oo, 19o6.
? Moriconia cycloto.ron Deb. & Ett., Ileer, F1. Foss. Arct., vol. 7,
pl. 54, f. zc, 1883' (non Heer's other figures).
Descriptibn.--Stout
twigs, pinnately branched, covered with
large, thick, rhomboidal, squamate, densely crowded, appresged
leaves attached by practically.their whole ventral surface. PhyIlotaxy spiral. Leaf-surface striated, the strife converging' toward
the obtuse apex. Cones n_ positively determined.
Brachyphyllum is chiefly an older Mesozoic type, but it remains
abundant through the Lower Cretaceous, two species having beert
described from the Potomac Group o,f Maryland and Virginia.
It is a waning type in the Upper Cretaceous, represented by but
a single species, the one under discussion,, which persists as high
as the Seuonian.
It is widely distributed, and is recorded fronl
Long Island, Staten Island, New Jersey and Delaware, in the
east, and from the Dakota Group, of Kansas, and the Montana
Group of Wyoming, in the west? It is probably represented in
the Patoot beds of Greenland, by the material which Heer erroneously refers (loc. cir.) to Moriconi_.
While it is no_ recorded
from Europe, Velenovsky has described remains from the Cenomanian of Bohemia, which appear to be identical with the
American repi'esefltatives, referring them to the Jurassic genus
Echi_wstrobus of Scllimperr ° Hollick and Jeffrey have recently
• It has also been collected "0ythe writer in North Carolina, South Carolina,
Georgia and Alabama.
' _Velen., Gym. B6hm. Kreidef. I885, p. I6, pl. vi, figs. 3, 64; Kvetena ceskebo cenomanu, I889, p. 9, pl. i, figs. II-I9;
!01-ii, figs. I, 2.
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sho,wn, with the aid of specimens from Staten Island, with
structure preserved (Ioc. cit.), that th_s species is referable to
the Arancariem.
This species is extremely common in the upper Raritan beds
at South A_nboy and their eastward extension on Staten Island,
but has no.t been collected from an,y of the plant-bearing horizons
of the lower Raritan.
;Prof. Newberry describes (loc. cit.)
large cones whicl_ he found associated with these twigs and
which he thought were related to them, although this seems
improbable.
The cones are poorly preselwed and their affinities
cannot be made out. They are very different from previonsly
described cor_es of Brachypl_yllu.m_ and the work of Hollick and
Jeffrey (loc. cit.) would seem to indicate that the present species
had small cones. The cones described by Prof. Newberry, while
they are here retained in the synonym of this species, are comparable to, the abundant cones from the older Potomac of Maryland, which are referred to the form genus Mbietites.
Occurrence.--Sonth
Amboy.
Collectio_x.--N.
Y. Botanical Garden.

Snb-Family

CUPR_:SSE_;.

Genus THUIA

Lirm6.

(Sp. PI., I753, p. ioo2.)
T_uJA

Cma_AC_A(Heer)

Newb.

Libocedrus

cretacea Heer, F1. Foss. Arct., vol. 6, ab. 2:49, pl.
eg, f. r-3; pI. 43, f. zd, I885.
Th_/a cretctcea Newb., PI. Amboy Clays, 53, pl. Io, f. z, la,
I896.
Knowlton, Bull. U[ S. Geol. Surv., No. 257: I33, pl. i6,
f. 3a, _9o5 .
Berry, Bull. Torrey Club, vol. 33: I69, I9o6.

Description..--"L.
ramulis gracilibus, oppositis, compressis,
foliis qnadrifariam imbrieatis, lateralibus basl connatis, appressis
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facialibus
earinatis."
Heel', 1882.
This species
Greenland,

was described

as a species
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rhombeis,

ori_nally

of Libocedrus.

minutis,

dorso

from the Atane
When

Prof.

arg-ate
beds of

Newberry

crone to study the abundant
remains
from the upper Raritan
he changed the generic reference
to Th_]a, on what appears to
be good

evidence.

Similar

remains

have

been

identified

by

Knowhon,
from the Judith
River beds of Montana,
and the
writer has noted identical remains in considerable
abundance
in
the Magothy
formation
o,f Delaware
and Maryland.
This is another one of those species from the upper Raritan
whose affinities are entirely with those of somewhat later formations, and which serve
formation
as a whole.
The

twigs

or slightly
leaves.

to emphasize

are strap-shaped,

less in width,

the Cenpmanian

with nearly

and with four

Occurrence.--South
Amboy.
Collections.--N.
Y. Botanical

parallel

age of the
sides 2 mm.,

rows of short,

appressed

Garden.

Genus THUITES

Sternberg.

(FI. d. Vorw., vol. I, I823, p. 39.)
THmTES M_mlANtHeer.
Thuites

Meriani Heer, FI. Foss. Arct., vol. 3, ab. 2:73, pl. id,
f. i L i8_ 1873, Ibid., vol. 6, ab. 2:48, pl. 8, [. 9-1±; pl.
29, [. 20, b, 1882.

Newb.,

FI. Amboy

Descripgon.--"Th.
brieatis,
laterlibus
dorso,

evidenter

Clays,

54, pl. Io, [. 5, I896.

ramulis alternis,
foliis quadrifariam
imincurvis,
acuminatis,
facialibus
subavatls,
costatls."

Heer,

1873.

Twigs with four-ranked,
imbricated,
somewhat
incurred
and
appressed, ovate, pointed leaves, dorsally costate.
This species
was described by Heer in 1873 from the Kome beds of Greenland, although
it is doubtfully
distinct from Inolepis imbricata
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genus and species novum which he describes on the previous page
of Die Kreide Flora dec Artiscben Zor_e. The later specimens
from the much you_lger Atane beds are not surely identical with
the older re_aains, although they are much the same in general
appearance.
They appear to depart somewhat from a cyclic
phyllotaxy toward a spiral arrangement and the leaves are more
spreading and less appressed.
The Raritan occurrence of this
species is based upon a single specimen from an unknown New
Jersey locality and no additional remairls have ever been discovered either in New Jersey or in more or less synchronous
horizons elsewhere.
While this specimen presents no evident
differences when compared with Heer's figures of this species, it
is very doubtfully related to the original material from the Kome
beds.
Occurrence.--Locaiity
unknown.
Collections.--_N. Y. Botanical Garden.

Genus JUNIPERUS Linn6.
(Sp. PI., _753,P. lO38.)
JUNIFERUS

_IYPlgOID_S

Hcer.

Juniperus hypnoides Heer, F1. Foss. Arct., vol. 6, ab. 2: 47, pl.
44, f. 3; pl. 46, [. z8, i882.
Hollick, Trans. N. Y. A_ad. Nei., vol. 12: 22, pl. _, [. z,
1892; Bull. N. Y. Bot. Garden., vol. 2: 4o3, pl. 4G f.
7, 7a, _9o2; U. S. Geol. Surv. Mort. 5o: 46, pI. 2, f. 26
(pars), 27b , 'zg; pl. 3, [. Ia-z3G 19o7.
Berry, Bull. Torrey Club, vol. 33: 168, 19o6; Ann. Rept.
State Geol. (N. J.) for 19o5:i39 , I906.
l_niperus macilenta Heer, Newb., F1. Amboy Clays, 54, pl. zo,

f. 7, 896.
'Deseription,.--"J. multirarno,sa, ramulls tenulssimis, congestls,
follis oppositis, falcatis, apiee aeuminatis, uninerviis, I ram.
longis." Heer, 1882.
This conifer, which is a common one in the Raritan, was referred by Professor Newberry to ]uniperis macilenta Heer,
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are to be kept separate,
a not
it is clearly more closely allied

to ]uniperus
hypnoides
under which Hollick has already placed
it (loe. cit., 19o7).
Professor
Newberry
describes its association at Woodbridge
with Dammara
scales and was evidently of
the opinion that the one was the fruit of the other.
Material in
the New. York Botanical Garden shows this association,
which is
probably, however, purely a mechanical one. The type material
came from the Atane beds of Greenland, and additional
remains
are also abundant in the Raritan of Krelscherville,
Staten Island,
and

in the

Magothy

formation

of

Martha's

Vineyard,

New

Jersey and Delaware.
Occurrence.--Perth
Amboy, Woodbridge.
Co[lections.---_N. "2". Botanical Garden.

Genus MORICONIA Deb, and Eti.
MOI_IeoNIAe¥c£oToxoI¢ Deb. and Ett,
(Urwelt. Acrobry. v. Aachen, I859, p; 59-)
Plate VIII, Figs. 34.
Moriconia
Heer,

cyclotoxo*_

Deb. & Ett.,

Urwelt.

Aerobry,

v. Aachen,

59, pl. 7, f. z3-27,
I859,
FI. Foss. Arct., voL 6, ab. 2: 49, pl. 33, f. I-pb,
Ibid. vol. 7: II, pl. 53, f. so; pl. 54, I883.

I882;

Newb., F1. A_mboy Clays, 55, pl. :Io, f. Lr--z¢, _896.
Hollick, Ann. N. -`2`. Acad. Sci., vol. 1I: 57, pl. 3, f" zo,
I898; Ibid., 418, pl. 37, f. 8. U.S. Geol. Surv. Mon.,
50:46, pl. 3, f. I6, I7, I9o 7.
Pecopteris

kudllsete_tai*
e8, I874-

Description.--"M.

Heer,

fronde

loc. cir., vol. 3, ab. 2 : 97, pl. 26, f.

pinnata,

r_atifidis v. pinnatipartitis
laciniis
apice obtusis, infinis irt petiolum
caeteris parum
longiore
strieta,
oppositis
patentibus
v. arrecto
crassa."
Deb. and Ett., 1859.

plnnis

longe petiolatis,

pin-

ovato-oblongis,
integerrimis.
late deeurrentibus,
terrninali
margine
undulata,
lateralibus
patentibus;
rhachi
mediana
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Twigs, evidently deciduous, thir_ and flat, spreading _n one
plane, with pinnately arranged, symmetrical, opposite branches
which are co'4ered with thin closely appressed _emlcircular cyclic
leaves, the outlines of which give to the fossil specimens that
peculiar geometrical pattern, which c,nce seev_ is thereafter unmistakable.
Professor Heer. placed it among the Cupressie,'e
because of its resemblance to Libocedtus, and while tlae fruit remains unknown, even in the very abundant material from South
Carolina, there seems to be no, "_alid ground for questioning thi_
relationship.
When only the outlines of the twigs are preserved
the f_ssils have a very fern-like appearance, which served to mislead the original describers.
This exceedingly graceful and interesting conifer was originally described as a fen1 from the Prussian Senonian, Abundant
and better material subsequently collected from Greenland
enabled Professor Heer to determine its true nature. It is abundant in the upper Raritan at South Amboy, but does not occur
elsewhere in that formation.
Occurrence.--South
P2mboy,
Collections._N.
Y. Botanical Garden,

Genus

WIDDRINGTONITES

(Synop.
Wm_a_NC'roNrr_s
Plate

Conif.,

Endl.

I8.17, p. 271.)

Rf_*cI-IIt (Enings.)
VIII,

Figs.

Heer.

_, 2.

Frenelites

Reiehg Ett., Kreidefl. v. Niedevsch, I2, pI. _,
a--c, 1867.
Widdrin_tonites Relch4i Heer, F1. Foss. Arct., Vol. 6, ab,
pl. 2g, f. 5, I882, Ibid., vol. 7: 13, pl. 5z, f. 4, 5,
Smith, Geol. Coastal Plain in Ala,, 348, I894.
Newb., F1. Amboy Clays, 57, pl. 8, t'. z, 5, _896.
Berry, Bull. Torrey Club, VoL 33 : I69, t9o6; Ann.
State Geol. (N. J.) for I9o5; I38, I9o6.
Holtiek, gJ. S. Geol. Surv. Mon. 50:44, pl. 4, f. 68,
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Widdri_gtonia Reichii (Ettings.) Velen. Gym. B6hm. Kreidef.,
27, pl. 8, f. 4-6; pl. Io, f. I, II, 12, I885; Sitzs. k.
B6hm. GeselI. Wiss. I886; 639 (6) pl. I, f. I4-I6,
I887,
Krasser, Beitr. ;Pal_iont. Ost-Ung. und Orients, Bd. Io: I26

pl. i4 (4), f. 6; H.

(7),/.. 4, 7, 8, s96.

Description,.--_"F. ram,is subm-ectis gas_igiatis, ramulis filiformibus confertis, foliis adpi-essis e basi ovata subulatis, strobilis axillaribus duplo longioribus quam latis." Ettings. I867.
Medium-sized branches with more or less crowded, slender,
elongated, fastigiate
twigs, bearing .reduced "/)vate-subulate
leaves, spirally arranged.
The cones are small oval bodies 5
mm. to i2 am. long_, by 3 am. to 7 am. in diameter, usually
poorly preserved, said by Ettingshausen to be axillary in position, hut evidently often, terminal as evinced by some of the
Raritan material as well as by some of the better preserved
cones from the Cenomanion of Bohemia and Moravia. The latter
material clearly shows that the cones consisted of four scales.
This would ally it with either the subgenus Widdringtonia of the
genus Callitris Vent., to which Eichler in his treatment of the
living species in gngler and Prantl (1887) refers Endticher's
genus, or to the subgenus Eugallibris Brongn., which also is
ehai'aeterized by four cone-scales. The latter has a single living
species of northern Africa and the former has three or four
species of southern Africa and Madagascar.
The propriety of
E.ichler's classification may well be questioued, and in any event
paleobotanists must necessarily prefer the older segregation of
Frenela and Widdringtonia and their respective form_genera
There seems to be but little doubt that the present species
should be referred to Widdringtonia, as Velenovsky and Krasser
have done, but as the term gViddrirag'ton.ites is equally indicative
of its true affinity, little is to be gained by making the proposed
change.
This species, which is probaNy the most commou conifer of
the Raritant formation, was described originally by Ettingshausen from the Cenomanian of Niedersehmna, in Saxony, as a
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s_cies of Frenelites.
When I-leer discovered it in the Greenland material, where it has been collected from both the Atane
and the Patoot beds, he transferred it to the present genus. It
has suhsequetttly been reported from the Cenomaniat_ of Bohemia
and Moravia, from the Magothy formation at numerous localities arid from the southern New England islands. It has also
been reported from the Tuscaloosa formation of Alabama, where
it is abundant at a number of localities. I-Ieer made Glyptos_
trob1._sgracillinus Lesq., of the Dakota Group, a.synonym of this
species, and he has been followed by many subsequent authors.
As this relation is not definitely estaNished I ha,_e not included
Lesqueret_x's form in the foregoing synonomy, although I think
they may eventually prove to be identical.
Widdringtonites Reichii is closely allied, if not identical, with
z_ cot-amen conifer of the Patapsco formation of Maryland and
Virginia, which is to be described shoTtly as Widdrington#es
rctmosus, 'being based upon Ta_odiun+ r(_mosum and various
other species of Pro_essor Fontaine's Flora of the Potomac
Group. Staminate cones of the former are well shown in, the
Raritart specimen figured by Newberry "on pl. 8, fig. 3 (loe. dr,),
and similar specimens are common in the Bohemian material.
Occurrence._Milltown,
Sayreville, Woodbridge, Hylton Pits,
South Amboy.
Collecllons._U.
S. National Museum, N. Y. Botanical Garden.

W_,D_G_O_ES SUB_S Heer.
147iddringtonites subtills Heer, F1. Foss. Arct.. vol. 3, ab. 2: lol,
pL 2g, f. _, b, 1874; Ibid., vol. 6, ab. 2, pl. 7, f. ';3, 14;
pl. 28, f. 4, b, I882.
Newb., FI. Amboy Clays, 57, pl. zo, ]. 2-4, 1896.
Hollick, U. S. Geol. Surv,, Mon. 50 : 45, pl. 4, f. 2-5, 19o7.
Widdringtonites
Reichil HolIick, Ann. N. Y. A_cad. Sci., vol.
II : 58, pl. 3, f. g, 1898-
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Description.--A"W.
ramis tenuissimis, gracilibus, fastigiatis,
foliis imbricatis, appressis, omnino tectis, foliis inferioribus faleatis, super!oribus rectis." Heer, 1874.
This species was described from the Atane beds of Greenland
by Prof. Heer in 1874. His material was, however, extremely
limited. Subsequently it was found in considerable abundance
in the Rarltan formation, and still more recently Hollick has
recorded it from Marthas Vineyard and Block Island.
It may
be questioned if some of the coniferous material described by
Velenovsky from the Bohemian Cretaceous under other names
should not be compared with the present form. It is even more
slender than the preceding species, with much shorter twigs,
which have the appearance of having been somewhat lax in
habit; the leaves are more close-set and appressed, narrowly
laneeolate, straight and scale-like; they are said by Heer to be
somewhat spread and falcate pr0ximad, but this feature has not
been observed in any of the Raritan material.
Newberry mentions a vague cone about I era. in diameter as
included in the Raritan material.
The _vriter has not seen this
specimen, but has founda
number of poorly preserved cones
among the abundant remains of this species in the Cretaceous
beds of South Carolina. Attached cones are common in the lower
part of the Tnscaloosa formation of Alabama.
Occurre_we.--Woodbridge,
South Amboy.
Collections.--N.
Y. Botanical Garden.

Genus FRENELOPSIS
(Palaeont.,

Schenk.

vol. XIX, I869, p.

FR_lVELO_SISHO_s',rr, G_RI (Ett.)

I3, )

Schenk.

Thuites Hoheneggeri Ett., Abh. kk. geol. Reichs. Iab. 3, No.
2 ."26, pl. z_ f. 6, 7, 1852.
Frenelopsis Hoheneggeri Schenk, Pal_eont., vol. 19, hft. I : 13,
pI. 4, f. 5-7; pl. 5, [. z, 2; pl. 6, f. z-6; pl. 7, f. z, 1869.
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Heer, F1. Foss. Aret., vol. 3, ab. 2:73, pl. zg, f. 5-8, I874;
Ibid., vol. 6, ab. I:7, pl.'2, f. I-3, I88o; Ibid., ab.
: _6, _882.
Font., Proc. U. S. Nat. Musetun, vol. t6 : z75, pl. 42, f. 4 a,
I893.
Newb., FI. Amboy Clays, 58, pl. I2, f. 4, 5, I896.
Berry, Bull. Torrey Club, vol. 31 : 7g pl. 4, f. 9, _o, I9o4.
Hollick, Bull N. Y. Bot. Garden, vol. 3:4Io, pl. 7_, f. I,
I9o4; U. S. Geol. Surv. Mon. 5o:45, pl. 4, f. 9, Io, "
_9o7.
Desc@tion.--"Th.
ramis articulatis, ramulis strictis compressis, ristichis, art_latis,
foliis brevissimis, ato-squam_eformibus,
truncatis vel obtusis, quadrifarian
imbrieatis, arcte adpressis,
dorso carinatis."
Ettings., I85a.
This genus was founded by Schenek in I869 with Thtdtes
Hoheneggeri Ettings. as the type. The latter received very
elaborate treatment at the hands of the formei" author, and this
was rounded out by Zeiller's description of the epidermal and
stomatal characters in I882L It has been recorded from a large
humber of localities, although the bulk of the remains are rather
unsatisfactory, and it is very doubtful if the Raritan or Magothy
material as described by Newberry, Hollick, and the writer is
correctly identified; at least it is not above suspicion. Characteristic remains of this species do occur, however, in the Kome
beds of Greenland and the Trinity of Texas, in addition to the
Barremian occurrences in Europe, while Fre_zelopsis pa'rceramosa
Font. from the older Potomac of Maryland and Virginia is extremely close to this species, and somewhat similar, but poorly
preserved, remains are described from the English Wealden by
Seward as BecleIesia anomala_.
Occurrence.--Woodbrldge.
Collectfons.---N. Y. Botanical Garden.
Zeiller, Ann. Sci., Nat., 6e stir., Bot., t xiii, p. 2SL
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Genus RARITANIA

FLORA.

Hollick

and. Jeffrey.

(Mere. N. Y. Bot. Garden, vol. III, 19o9, p. 26.)
RA1LI_ANIAGRACILIS(Newb.)

ttollick

and Jeffrey.

Frenelopsls gracilis Newb., FI. Amboy Clays, 59, pl. 52, f. _-3a,

I896.
Berry, Bull. Torrey Club, vol. 33 : 167, I9°6.
Raritania gracgis Hollick and Jeffrey, Mere. N. Y. Bot. Garden,
vol. III: 26, pl. 6, [. 4--7; pl. '9, f. f-4; pl. _o, f.
I4-57; pl. 59, f, 3-6; pl. 20, f. _, 19o9.
Descriptio_,--Twigs
of a conifer, represented in clays by
crowded cylindrical branches of graceful aspect and slender forking" habit. The leaves are reduced almost to the vanishing point,
in fact most specimens fail to show any traces of leaves whatever, and it is possible that these spiirally-arranged scale-like
leaves o.f Newberry's description may have been founded upon
deceptive material.
These twigs are unjointed, an objection against their former
reference to the genus Fre_relopsis. It has been suggested that
they represent decorticated specimens of Widdringto_dtes Reichii
(Ettings.) Herr, which is so common in the Raritan and over-'
lying Magothy formation.
The present species is recorded from
bc_h Delaware and MarD_land.
Hollick and Jeffrey have shown (loe. eft.), since the foregoing
was written, that the present species is not related to Frenelopsis,
but constitutes a distinct genus.
Occurrence.---Woodbridge,
South Amboy.
ColZections.--N. Y. Botanical Garden.
Suh_FamilyABIETE._.
Genus PINUS

Linn6.

(Sp. PI., I753, p. ioc_.)
PINUS

IIARITANENSIS

Berry.

Pinus sp., Newb., FI. Amboy Clays, 47, pI, 9, f. 5, 6; f. 7, '_ (?),
f. z7, 5g (?), x896.
7_inus rarita_ensfx Berry, Bull. Torrey Club, vol. 36: 247, 19o9.
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Descrlptlom--It
seems very desirable that at least the leaves
which are included under Newberry's Pimus sp. should have a
specific names since pine leaves of this type in fascicles of three
occur to the southward in the Coastal Plain, and a definite name
is therefore a necessity for purposes of intelligen,t citation.
Whether the poorly-preserved cones and winged seeds, which
occur in the same beds, are referable to the same species it is impossible to determine, and since in the overlying Magothy formation there are two types of leaves of Pin_s, as well as quite
different seeds, I have placed a query after Newberry's figures
of cones and seeds it/ the above citation. Pimps seems to be
confined to the upper part of the Raritan, although leaves, cones
and seeds are common in much older deposits elsewhere, going
back as far as the Jurassic.
Leaves are recorded from the
Kome, Kootanie, Trinity and Lakota formation, the Patapsco
formation of Maryland and the Albian of Europe is remarkable
for the large number of Pinus-like cones which it contains, and
Heer has recorded five species from the Atane beds.
Occurrence.--South
Amboy.
Collections.--U. S. National Museum, N. Y. Botanical Garden.

Sub-Family
Genus
(Synop.

TAXODIE._.

SEQUOIA
Conlf.,

Eiadl.

I847,

SEQUOIA REICIt_;NtlACH:

p. 197.)
(Gein)

Heer. 1

Araucarites Reichenbach4 Gein., Charakteristik, hft. 3 : 98, pL 24,
f. 4, i84z.
Cryptowderia primaeva Corda in Reuss, Verst. B6hm. Kreidef.
ab. 2:89, pl. 4o°, f. z-; G 1846.
Sequoia Reichenbachi tleer, FI. Foss. Arct., voI. I : 83, pL 43, ["
,zd, 2b, 5G I868; Ibid., voW.3, ab. 2:77, toI, I26,
pl. z2, f. 7c, d; pL 2o, f. _-8; pl. 28, f. 2; pl. 34, f. I;
'pl. 36, f. _r_-g;pl. 37, f. G Z, 1874; Ibid., vol. 6,.ab.
2:52, pl. zS, f. 7, 1882.
Only
persistent

representative
citations,
species are given,
7

chiefly

American,

of

this

widespread

PAL
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Fontaine, Potomac FI., 243, pt. zz8, f. I, 4; pl. H9, f. _-5,
etc., 1889.
Lesq., Cret. FI., 51, pl. ;L f, _o-zob, I874; F1. Dakota
Group, 35, pl. 2, f. 4, 1892.
Hollick, Trans. N. Y. Acad. Sci., Vol. iz:3o , pl. f, f. I8,
I892; U. S. Geol. Surv. Mon. 50:42, pl. 2, f. 40; pl.
3, f. 4, 5, 19o7.
Nath, in Felix & Ixnk, Beitr. _eol. u. Pal. Mexico, 2 Th.
I hft., _893..
Newberry, F1. Amboy Clays, 49, pl. 9, f. :I9, I896.
Berry, Bull. N. ¥. Bot. Garden, vo.1.3 : 59, pl. 48, f. I5-I8,
2o, I9o3; Bull. Torrey Club, vol. 3I :69, p[. 4, f. 8,
I9o4; Ibid., vol. 32:44, pI. I, f. 3, I9o5; Ibid.
33 : 165, 19o6.
Knowlton, Smith. Misc. Coll. voI. 4, pt. I : 126, pl. :z2, [. 7,
8, 19o7; U. S. Geol. Surv. Mort. 32:657, 1899; Bull.
l.r.S. Geol. Surv. No. 257:131, pL I4, f. 3-5, 19o5.
Seq_oia Uouttsiae Holliek, Trans. N. Y. Acad. Sci., vol. 12: 3o,
pl. r, f. 5 (non Heer).
Description.--"S.
ramis elongatis, foliis decurrentibus, patentibus, fatcato-incurvis, rigidis, acnminatis."
Heer, 1868.
This widespread Mesozoic species is not abundant in the Raritan formation, being only recorded from the single locality of
Wo_)dbridge, where it is not common.
This relative rarity is
probably to be explained by local climatic conditions due to altitude 9r to the character of the soil and its water content and
their effect upon relative humidity.
Of course, such an explanation is largely speculative. We do know, however, that Sequoia twigs are about the last fragments in floating vegetable
debris to disintegrate, and that their remains are fotmd in deposits in which the associated vegetation is reduced to an unrecognizable mass, so that it is safe to predicate that gequoia
Reichenbachi did no_ grow near the place where the Raritan
sediments were being laid down and that such specimens as are
preserved were floated into the Raritan basin by streams, perhaps from tbe uplands where they grew. In the succeeding
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1Vf;_othy. formation, this species and other conifers were excessively abundant in this general region, and this species occurs
in great abundance in beds of approximately this latter age in
every State from New York to Atahama.
Seq_oia Reichenbachi has a recorded range on this continent
from the Neocomian of Mexico to the Livingston formation of
Montana, and it seems to have been equally at home during the
greater.part of the Cretaceous in Europe an(t the Arctic region.
it is possible that these remains may represent re,ore than a single
species, but of this it is impossible to judge.
The Tertiary 5¥quolc_ Langsclorfii has an almost equally wide range, both vertical and horizontal.
In the original description, Ceinitz refers this species to the
genus'Arau.carites, and severM students since his day have pointed
out its resemblance to the Eutacta section of the genus Arabcarla. If this be the true affinity, then this Cretaceous A_'a_2
caff_ bore Sequoia cones, for the latter have been found attached
to the twigs in a number of instances.
Occu_'ence--Woodbridge.
Collections--N.
Y. Botanical Garden.

SEQUOIA

HETNROPHYLL&

Velen.

Plate VI.
Sequoia heterophylla. V.elen:, Gymnos. bShm. Kreidef., 2_, pl.
ze, f. I2; pl. 13, f. 2"-4, 6-9, 1885; Sitz. K. b6hm.
Oesel. Wiss., Prag, i888; 593. f. 7, 8.
Holliek, Trans. N. Y. Acad. Sci., vol. I2: 3, pI. z, _. zR,
1892; U. S. Geol. Sur_ey, Mon. 50:4 I, pl. 3, f, 2, 3.
t9o7.
Sh_ith, Geol. COastal Plain in Ala., 348, 1894.
Ward, I5th Ann. Rept. U. S. Geol. Survey, 378, 380, 382,
392, I895.
Newb., FI. Amboy Clays, 49, pl. 6, f. r-z 3, 1896.
Knowlton, Bull. U. S. Geol. Survey, No. 257: t32, pl. z6,

f. 5, _9o5.
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Berry, Bull. Torrey Club, vol. 33:I65, I9o6; Ibid., vol. 34:
I89, i9o7; Ann. Rept. State Geol..(N. J.) for 19o5;
I39, _9o6.
Description.--"Zweige
ruthenf6rmig
unter spitzen Winkeln
getheilt, ziemlich dfinn nr_d schlank. BlJitter zweierlei: die
schuppenfgrmigen
sehr verlhngert, mit stump.fen, nicht abstehenden Spitzen, locker dem Zweige aufsitzend; die der jfingeren
SWosse blattartig, zweireihig am Zweige geordnet, lineal, breit,
dick, lederartig, vorne stumpf abgerundet, am Gmnde merklich
verschmftlert, von mehrercu Lfmgsstreifen durchzogen.
Der
Zapfen unbekannt."
Velenovsky i885.
This characteristic species described originally from the Cenomanian and Senonian of Bohemia may be readily recognized
by the form of the foliage--the flat lanceolate decurrent leaves
above and the short and appressed leaves below.
As yet no
cones have been correlated with the leafy twigs in the American
material
Newberry says of this species that it is one of the
most common conifers of the Amboy clays, but mentions no
localities.
The writer has only found it in the upper Raritan
at South Amboy, where it is very common, and at the Hylton
Pits, and it has been collected by Hollick from a probably equivalent horizon at Kreischerville, Staten Island.
In the overlying Magothy formation it is a common species,
with a recorded range from Marthas Vineyard to Maryland and
in the allied Bladen formatior_ of N_orth Carolina.
In the west
it occurs in the Judith River beds of Montana.
It is a distinctly
younger element in the Raritan, allying that flora with the higher
Upper Cretaceous beds.
Occurrences.--South
Amboy, Nylton Pits.
Collections.--N.
Y. Botanical Garden, U. S. National Muscum.

S_UOIA

CONGINI_A

Heer.

Sequoia concin_a. Heer, F1. Foss. Aret., vol. 7 : 13, ft. 49, [. 8b,
c; pl. 5o, f. Ib; pL 5 I, f. -_-_o7 pl. 5G f. z-3; pL 53, f.
Ib, I883.
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Hollick, U. S'. Geol. Surv., Morn 5o: 43, pl. 2, f. 4z,.i9o 7.
Cones of Sequoia sp,, Hollick in Newb., F1. Amboy Clays, note,
P. 49, pl. 9, [. 4, 4a, 1896Description.--"S.
ramis alternis, ramulis congestis, jnnioribus
elongatis, foliis basi valde decurrentibus, lineari-subulatis, apiee
aeuminatis, rectis vel Ieviter curvatis, dorso carinatus;
strobilo
breviter ovali, 23 ram. longo, 2o ram. Iato, squamis 5-6 angularibns, medio unbonatis, margine striatis."
Heer, 1883.
.Tiffs is doubtfully a member of the Raritan flora: and probably
came from Newberry's locality "near Keyport," i. e., Cliffwood
bluff, which is in the overlying Magothy formation, as I have
found cones of this species at that place. Since, however, there
is no reason why this species should not occur in the Raritan, and
the present uncertainty as to the locality from which Newberry's
specimens were collected cannot be cleared up, it is retained as a
member of the Raritan flora.
Occurrence.--Locality
unknown.
Collections.---N. Y. Botanical Garden, Johns Hopkins University.
Genus GEINITZIA Endl.
(Syn_p. ConiL I847,p. 280.)
GFXNITZIA

FOR_fOS&

I_ee_.

Geinitzia [ormosa Heer, Neue Denks. Schweiz Gesell., vol. 24 : 6,
pl, z, f. 9; pl. .2, 1871.
Newb., F1. Amboy Clays, 51, pI. 9, [. 9, 1896Hollick, Trans. N. Y. Acad. Sci., voh 16: 129, pl. I& f. z, 2,
1897.
Knowlton, Bull. U. S. Geol. Survey, No. 163 : 28, pl. 5, f. z,
2, 19oo.
Berry, Bulh N, Y. Bot. Garden, vol. 3: 57, 19o3; Bull
Torrey Club, vol, 31 : 68, pl. 4, f. 2, 3, 19°4.
Gelnitzic_ sp., Newb., Proc. N. Y. Lyc. Nat. Hist., 2nd ser.: IO,
1873.
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Description--."ramulis
elongatis, virgatis, foliis omnino tectis,
foliis, subfalcatis, angustis, apice valde attenuatis, uninerviis,
rarnis adultis pulvinis rhombeis obtectls." Heer, I87t.
This species, like Sequoi_ Refchenbachi, occurs sparingly at the
Woodbridge horizon, and like the latter is more abundant in the
overlying Magoihy fomlatio,1_ at Cliffwood bluff. It resembles
this species considerably, but may be distinguished by the thicker
twigs with decurrent pointed leaves, which are more curved and
less rigid than in the Sequoia and with smaller intermediate scalelike leaves, which are altogether wanting in the latter. Geinitzia
formosa was described originally from the Senonian of Saxony,
and it also ranges upwards into the iMbntana formation of
Wyoming.
It is another species which serves'co ally the Raritan
with younger deposits elsewhere.
Occurrence.--Woodbridge.
Collection_.--N. Y. Botanical Garden.

Family TAXACE2E.
Sub-Family

T AXF,._.

Genus PROTOPHYLLOCLADUS
(Bull. Torrey Club, vol. XXX,
PROTOPnYLLflCLADU$

SUglNTI_GRIFOLILrS

Berry.
I9o3, p.

440.)

(Lesq,)

Berry.

Plate IX.

Phyllocladus subfnfegrifolil_s Lesq., Amer../our. Scl., vol. 46 : 9_-,
I868; Cret. Fl. 54, pL ±,/. _2, I874; FI. Dakota Group,
74, pl. _, f. I-.3, z892.
Thimz[eldic6 LesquerE_l.via_a Heer, F1. Foss. Arct., vol. 6, ab. 2 :
37, pl. 44, f. 9, Io; pl. 46, f. ±L, 12a, b, 18_2.
Hollick, Trans. N. xf. Aead. Sei., vol. Ii: 99, pl. 3, [. 6,
1892.
Newb., F1. Amboy Clays, 59, pl. I;, f. I-z7, 1896.
Thin,tfeldia sabiutegri_olia Knowlton, Bull. l_. S. Geol. Surv.,
No. I52: 2__8,i898.
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Hollick, Amr. N. Y..&cad. Sci,, vol. I i : 58, 429, pl. 3, f. 4,
5, pl. 36, f. 6, I898; Bull. N,. Y. Bot. Garden, vol. _;
403, pl. 4I, f. z3, I4, 2892.
Frotophyllocladus subi_ItegrifoIius Berry, Bull. T'orrey Club. vob
30:44 o, _9o3 ; Ibid., vol. 31 : 69, pl. z,/. 5, I9o4; Ann.
Rept. State Geol. (N. J.) for 29o5; I39, I9o6; Johns
Hopkins Unfiv. Circ. new ser., I9o7, No. 7 : 89-9 I, [- 6.
Holliek, U. S; Geol. Surv. M_n. 50:36, pL 5, [. x--6, I9o 7.
Deseription.--Leaves
oblong to linear iu outline and coriaceous
in texture, from 3 cm. to 27 cnr. in len_h by 0.6 cm. to 3 cm. in
width. Apex usually obtuse, rarely pointed. Base decidedly and
narrowly cuneate to the short petiole. Margins entire below,
above obtusely dentate or tmdulate, with occasionally teeth which
are acute. Midrib stout below becoming" attenuated above and
frequer_tly disappearing some distance below the apex. Laterals
numerous, close, immersed ; they branch at an angle of about 20°,
running nearly straight and approximately pa,rallel to the margin, sometimes forking.
Stomata scattered ou both surfaces,
with typical guard cells.
This is a widespread species ranging" in considerable abundance from Greenland to New Jersey and west to Kansas and
24ebraska. Ori_nally _'eierred to Ph3'llocladux by Lesquereuax,
his type is almost identical with certain phylloclads of modem
members of this genus. Subsequently discovered remains from
Kansas are considerably larger than the type, as are also a number of the Greenland specimens. Some of the Raritan forms
have a somewhat different aspect, bei*_glong and narrow; sometimes the margins ave entire, often they are more or less sharply
toothed.
Much controversy has centered around these forms and
especially around the older5'resozoic forms referred to the genus
Thin_lfeldi_r Ettings., to which these later forms were once referred. The latter genus has been _eferred successively to the
conifers, ferns and cyeads. There has never been ranch doubt
that the later forms were gymnospermous.
The writer can positively affirm this conclusion, and also that they are true phylloclads and not leaves in the strict morpholigieal sense.
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Whether or not they are closely related to the modern genus
Phyllodad*ts is still in doubt, although there are some excellent
arguments fo,r such_ a relationship.
While fossil remains of
undoubted relationship to this genus are extremely rare, Gothan
describes wood of similar type from the Jurassic of the east
coast of Greenland, under the name of PhyllocIadoxylon}
Occltrrence.--Newberry
states that he had some hundreds of
specimens from the Amboy Clays, bttt gives no localities. The
writer has collected it from Florida Grove and vicinity.
Collections.--Johns
Hoi_klns University,
N. Y. Botanical
Garden.

Order GINKOOAL£S.
Genus

BAIERA

(Flora.

Braun.

1841, p. 33.)

BAIER& INCURVATA Heer.

Baiera incurva:ta_ Heer, FI. Foss. Arct. voh 6, ab. 2 : 45, pl. _3,

f. 6, _88z.
Newb., FI. Amboy Clays, 6o, pl. zo, f. 6, I896,
Dfscription,.--"B.
foliis dichotome laciniatis, segmentis angustis, 2-3 mm. lads, linearibus, apice obtusis, incurvatis, nervis
Iongitudii_alibus, 3-4, obsoletis." Heer, 1882,
A single incomplete specimen from Woodbridge is identified
by Prof. Newberry with this poorly characterized species of
Heer, which is based on very incomplete remains,
ft seems
almost certain that the apical curvature which the latter makes
as one of the characteristics of this species is simply accidental.
The generic relationship seems to be correct and it is probable
that Baiera_leptopoda, Heer, from the same horizon in Greenland
belong to the same species.
The genus is an old one, appearing late in the Paleozoic and
becoming widespread and very important in the Triassic and
• Kungl.

S_,enska

Vetensk.

Akacl,

Handl..

Bd.

42, No.
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Jurassic,
It co,ntinued into the Cretaceous, but is much reduced
in numbers and importance, a single form occuring in the Lower
Cretaceous.
Occurrence.--\,V oodbridge.
Collectlons.--N. Y, Botanical Garden.

Genus CZEKANOWSKIA

Heer.

(FI. Foss. Arct., vol. IV, ab, ii, I876, p. 70,)
CZEKANOWSKIA

CAPILLARIS

Newb,

Cveka_o_¢,skia_ capiltaria- Newb., F1. Amboy Clays, 61, pl. 9, f.
_4-z6, i896.
_Smith, Geol. Coastal Plain in Ala., 34-8, I894
(Nomen
nudum.)
Descriptiou.--Leaves
linear or capillary, long and slender, undivided (?) or dichtomously forked. Length $ era. to 5o era.
Judging by the extremely poor material at our coramand they
_rew in bundles and were apparently caducous.
The genus was established by I-Leer in I876, and its relations
have caused considerable discussion, some authors comparing it
with lsoetes. Both S_:henk and Seward, from the stomatal character, place the genus among the Gy_nosperms.
Among the
latter it falls most naturally in the order Ginkgoales, although
this relationship is disputed ix_.some quarters.
It is easemially
a Jurassic type, appearing, however, irt the Rhaetie and surviving
as late as the Upper Cretaceous, apparently becoming extinct in
the Ceuomanian, the European C,_ekanoatsleia _erz_os_ Heer,
which is recorded by Fontaine I from the Lowi_r Cretaceous of
the Black Hills, ranging from the Aptian throngh the Alhian
into the Cenomanian of Portugal.
Occ_rrenge._Woodbridge.
Colleellons.--N.
Y. Botanical Garden.
Fontaine,

Ann, Rept. U, E. Geol. _urv. I9th, Dr. :l, _:39. P. 685, pl. i69, f.

*,2.
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Class ANGIOSPERNAI=.
Sub-Class

MONOCOTYLEDONA_.
Order I_ILIAL S,

Family

SMILACACEzE.

Genus SMILAX Linn6.
(Sp. Pl., I25J, p. lo28.)
SMILAX

RAIlITANENSI8

Plate

Paliurus
Smilax

ovalis Dawson,

XXIII,

Newb.,

Berry.

Fig.

3.

FI. Amboy

8, 9, 1896 (non Daws.)
raritanemgs
Berry. Bull. Torrey

Description.--Leaves
with entire margins,

Clays,

IO7, p[. 23, f.

Chtb, vol. 36:248,

19o9.

of small size, ovate elliptical in outline,
obtusely pointed apex and slightly cuneate

base, 3.5 cm. to 4 era. in length by 1. 5 cm. to 2 era. in, breadth.
Primaries
3, of medium size, diverging
at acute angles from
the extreme
base, the laterals
regularly
crowing- upward
and
joining the midvein at the summit.
Secondaries
not visible except i or 2 trmasverse internal ones, and a few curved camptodrome external ones.
This species was identified by, Prof. Newberry
with Paliatrus
ova[is Dawson t which it somewhat
resembles
and this latter
species has been reported by Lesquereux _ from the Dakota Group
and by Hollick a i'rom Marthas Vineyard.
These occurenees may
represent

Dawson's

species, but the Raritai_

different, 'being relatively
gether different aspect.
: Dawson,

Trans.

' Lesquereux,
_ Hollick,

Roy.

Soc.

FI. Dakota
Mon.

U.

S.

Geol.

shorter

Can.,

Group,
Surv.,

and

leaves are obviously

broader

vol.

3, sec.

4:

166,

pl. 35,

L 7, 1892.

vol.

50:91,

14, pl. 4,

pL 34, f.
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Prof. Newberry remarks of the difficulty of correlating these
and other fossil species with the modern species of Paliurus
which usually has serrate or crenate leaves, and while no new
material has been obtained, it seems desirable to place these leaves
in the genus SmiZax which contains many very" sim_ilar modern
leaves, Lesquereux describes two hmadsome species 04 Smilax
from the Daknta Group, both of which are much larger leaves
and differ in other respects from the Raritan species.
Occurence.--Loeality
unknown.
Collections.--New
York Botanical Garden.

Sub-Class DICOTYLI DONAff.
Order

NYRICAL[_S.

Family MYRICACE/E.
Gemls
($9.

MYRICA
PI.,

_YRICA
Plate

Linn&

I753, p. mg4.)
HO[,LICKI _¥ard.
X, Fig.

6.

Myrica Hollicki Ward, Amer. Jour, Set., vol. 45:437, I893Hollick, Mon, U. S. Geol. Surv. vol. 50: 53_ pl. 7, f. 24,
I9o7.
Berry, Bull. Torrey Club, voh 36: 249, pl. rR, f. 2, I9o 9,
Myrica grm_di[olia Hollick, T,rans. N,. Y. Acad, Sci., vol. ie:5,
pl. 3, f. z, I_2,
(ZIOn Scbimper, I872 ).
Description.--Leaves
of large size, I8 cm, to 22 cm. in length
by 4 era. to 6 cm. in width, broadly lanceolate in outline, widest
near the middle and tapering equally to the acuminate apex and
the cnneate base. Margins entire for a short distance above the
base, elsewhere sharply serrate. Petiole long and stout. Mid-,
rib also stout. Secondaries slender, very numerous, being not
more than 2 ram. to 3 mm. apart, branching from, the midrib at
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angles of 45 ° or slightly more, subdividing and in.osculating
near the margin aud sending branches into the marginal teeth.
The type of this exceedingly handsome species is a single incomplete specimen, collected at Tottenville, Staten Island, sixteen or more years ago, and now preserved inthe h'_usenm of
the Staten Island Association of Arts and Sciences. A single
specimen was collected from the lower Raritan at Milltown.
It is a larger, slightly broader leaf with slightly less prominent
teeth, but is obviously identical with the type.
Occufe_tce.--Milltown.
Collectio_'.--U.
S. National Museum.

_,IYRICA

E?.[ARGINATA

Plate
•

Heer.

X, Fig. 5.

]

Myrwa emargmata Heer, FI. Foss. Arct. vol. 6, ab. 2 : 66, pl. 4I,
f. 2, 1882.
Lesq., FI. Dakota Group, 67, pl. re, f. z, I892.
Newb., F1. Aznboy Clays, 62, pl. 4z, [. _o, xC I896.
Description--"M.
foliis oblongis, integerrimis, spice emarginatis, basi attenuatis, nervis secundariis subtilissimis."
Heer
The Raritan lea_es referred to this species by Prof. Newberry are not quite typical of this species, being somewhat more
elongate and lacking the strictly" obovate outline shown in the
Atane leaves and those from the Dakota group.
Recent collections of this species from the southern Coastal Plain also depart from the Raritan leaves in the direction of the type.
The Raritan leaves are 5-5 cm. to 7 era. in length and 1.8 cm.
to 2. 5 cm. in breadth, oblong lanceolate in outline and entire,
with a strongly emarginate apex and euneate, narrowly descending base. Secondaries thin, 8 to Io pairs, branching from the
midrib at an angle of about 45 °, curving upward, camptodrome.
Occ_trrence--Loeality unknown.
Collections--N.
Y. Botanical Garden.
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MYRICA IX_EWBE/tUYANAHollick.
Plate

Myrica Newberryana
42, [. 5, I896-

X, Fig.

2,

Hellick in Newb., FI. Amboy Clays, 63, pl.

Description.--Leaves
small, laneeolate in outline, about 2. 5 cm.
long by o,g cm. in greatest vddth. Apex obtusely pointed, Base
apparently acute. Margin entire for one-third of the "distance
above the base, the remainder _/vithsomewhat irregular, rounded,
dentate teeth. Venation fine but distinct. Secondaries numerous,
7 or 8 pairs, sub-opposite, camptodrome.
This species is based on a few fragmentary specimens from the
upper Raritan, of which the leaf figured is the most complete.
It is appareutly quite distinct from the other members o{ the
Raritan tiara.
Occurrence.--South
Amboy, Milltown.
Colleetions,--N. Y. Botanical Garden.

_¢[YPdCAIe_NESa'RATA Newb.

Flare

X,

Fig.

3-

Myrica fenestrata Newb,, FI. Amboy Clays, 63, pl. 42, f. 32, I896.
Description.--Leaf
lm_eeolate in outline, equally pointed at
both ends, 5 era. to 6 cm. in length by 1.4 era. in greatest width.
lVfargin slightly undulate.
Midrib strong.
Secondaries stout,
numerous, regularly alternate, branching from the midrib at a
wide angle, nearly 9o°, and running straight almost to the
margin where their ends are joined by nat arches, somewhat
suggestive of a Ficus or a Eucalyptus,
."
This species was based or_ a single incomplete specimen, and
only two additional fragments have been found in the later collections. While its inclusion in the germs Myriea is not above question, it seems closer to this type than to any other which has sug-
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gested itself, and as a distinct type of Raritan plaut it deserves a
place in any enumeration of the Raritau flora.
Occurrence.--Sayreville,
Milltown.
Collections.--U. S. National Museum, N. Y. Botanical Garden.

MvRica Cr_5"AMO_,tlFOLIANewb.
Plate X, Fig. 7-

Myrfca "cfnnamomifolia
9-x4, I896.

Newb., Fh Amboy Clays, 64, ft. 22, f.

Descrlption.--Leaves
of medium size, elliptical in outline, pinnately lobate or pandurifom_. Lobes obtusely rounded, separated
by shallow rounded sinuses of variable width or the margin may
be strongly undulate with two or three broad scallops, or one
margin may be lobate and the other scalloped. Apex obtusely
pointed. Base pointed, slightly decurrent. Petiole stout, 2. 5 cm.
in len_h.
Leaves ver3, variable in size and outline, ranging from
4-5 era. to 7.5 cm. in length by _ era. to 4 cm. in breadth. Basal
half or one-third 04 the leaf entire, this feature with the ascending
opposite basal secondaries giving fragmentary
specimens the
appearance of a Cimm,wmmg or a Sassafras. Midrib mediumly
stout. Secondaries few, not more than 2 or 3 pairs, branching
from the midrib at an acute angle, curved, indifferently camptodrome and craspedodrome;
the basal pair are subopposite
branching from the midrib a short distance above the base and
curving upward; they traverse _ or _ the distance to the apex
ending in the tip of the lowest lobe or camptodrome, this variability i_ their course is well shown in the specimen figured; the
other secondaries may be alternate or sub-opposite, and they may
end in a lobe or not; the second one is a considerable distance
above the basal pair, as much as 2. 5 cra. in one specimen, and it
subtends a somewhat wider angle with the midrib.
These curious leaves are not uncommon, but are mostly incomplete.
Professor Newberry has figured sevei'al, which clearly
show their variable nature.
The latter author was not at all
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certain of their relation with Myrica and was inclined to associate
them with the triple-veined leaves of some Lauraeeous genus such
as Cinnamomum, although the latter are entire as a rule, Cin_,amommn membranaceum (Lesq.) Hollick has a lateral sinus on
each side, but is obviously a triple-veined leaf, while the present
species, despite its appearance, is pinnately veined, as is well
shown in a number of the specimens.
Occurrence.--Woodbridge,
South Amboy.
Collections.--N. Y. Botanical Garden.

MYRICA,ActVrA Hollick.
[Plate X, Fig. I.

Myrica acuta Hollick in Newb., FI. Ambo 7 Clays, 65, pl. 42, f,
35, _896Descrfption.--Leaves
small, lanceolate in outline, about 3 cm.
in length by I era. in width. Apex and base about equally and
acutely pointed.
Margin entire in the basal half of the leaf,
above with somewhat remote and irregularly placed, sharp, denticulate teeth. Secondaries about six pairs, alternate, branching
from the midrib at a wide angle and running nearly straight to
within a short distance of the margin, where they bend sharply
upward and arch to join the secondary next above. These arches
are approximately parallel with the margin and give the appearance of a continuous marginal vein. Branches from these arches
enter the marginal teeth.
'l_his species, while based upon fragmentary material, is well
marked and quite distinct from any other member of the Raritan
flora. Prof. Newberry failed to leave any memorandum, of the
locality from which it was collected, and no subsequent specimens
have been discovered.
Occurrence.--Locality
unknown.
Collect¢ons.--N. Y. Botanical Garden..
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m_RB'ANENSlS Hollick.
Plate

X, Fig. 4.

M_rica raritaneasis Hollick in Newb., F1. Amboy Clays, 65, pl.
42,/. 34, 1896?Phyllites obscura Hollick in Newb., Ibid., 131, pL 42,• f. 33,

I896.
Descrlption.--Leaves
small, ovate in outline, about 3 era. long
b)? z.3 em. wide, broadest near the middle and tapering equally
in both directions. Apex presttmably acute. Base cuneate, acute.
Margin entire in the lower half of the leaf, coarsely dentate
above. Venation obscure, only a few pairs of thin secondaries
being visible.
The form described by Hollick as Pl*fl[ites obsc_rc_ is probably
an abnormal leaf of this species, and is here included under it
with a query. Species based on single specimens from unknown
localities and with affinities undeterminable are of little value
unless they serve as horizon markers, which this PhylliWs does
not, so that it is desirable from every point of view to make the .
foregoing disposition of it,
Occurrence.--Locality
unknown.
Collections,_N.
Y.-Botanical Garden.

Genus
(Gaertn.

Fr.

COMPTONIA

& Sem.,

vol.

Banks.

II, I79r,

CO.MPTONIA MlClROP_IYLLA (Heer)

p. 58, pl. xe.)
Berry.

Rhus mlcrophylla Heer, FI. Foss. Arct., vol. 3, ab. 2 : 117, pl. 32,
/. 18, I874.
Myrica (Con_ptmda) paq'vifolia Heer. Ibid., vol. 7 : 77, pl. 71. f.
12, I883.
Myrica (Comptonia) par',nda Heer, Ibid., 20, pl. 55, [. 1-3.
Newb., FI. Amboy Clays, 63, pL±9,f- d, 1896.
Comptonla microphylla Berry, Amen Nat., vol. 4o: 5o8, pl. 4, f1,3,4,19o6.
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Descriptio_.--Leaves
variable in size, i.I. cm. to 5 cm,.in length
by o. 4 cm. to 2 cm. in breadth, ovate !anceolate in outline with an
obtusely pointed apex and a cuneate, slightly decurrent base.
Margin divided into from g to 4 sligbtly aquiline, rounded,
obtusely pointed lobes, the intervening rounded sinuses cut about
half way to the midrib.
Secondaries craspedodrome, one to
each lobe. In the larger leaf there .is a second secondary some
distance below the one which traverses one of the lobes, and,
while this is not visible throughout its length, it was probably
camptodrome as in the leaves 04 the modern Comptonia.
It is difficult to understand on what ground Prof. IKeer
founded hls two species pafvuhz and parvifolic_ unless it was
because they were supposed to have come from different geological horizons.
He compares both to the European Coanptonia ce_i*tgensis A1. Br., although their resemblance to that
species, as a naatter of fact, is not very close. The two are exactly similar, as is the Rheas included in the foregoing synonymy,
except as to size. The Raritan specimen which Newberry identifled as parvula is closer to parv_folia, which fact is noted by the
latter author, who presumably hesitated to refer a Cretaceous
leaf to a species of the Miocene, as these Arctic deposits were
thought to be at that time. The writer has elsewhere (loe. cit.)
called attention to the probability of Heer's specimens having
come from practically the same horizons, so that there are no
valid reasons for maintaining their fancied distiuctness.
The earliest leaves of the modern Comptonia peregri_a
(Linn6) Coulter usually are very similar to this fossil species.
These latter might be considered as the abbreviated leaves, so
common in seedling plants and hence without phylogenetic meaning, or they may be considered as representing the normal leaves
of these ancient Comptonia plants. The first assumption seems
doubtful, not only because of the perishable nature of seedling
leaves in general, but because it is unusual for them to become
detached and fossilized, and it would be a rather singular coincidence for this to have occurred in New Jersey, Greenland, and
Europe only once and at the same geological horizon. Furthermore, no other species of Comptonia are known from either the
Raritan clays, or the Atane and Patoot schists, from which they
8 PAt,
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could have been derived. It would seem that the conclusion is
reasonable that these are the normal leaves of the earliest known
Comptonias, and that the modern seedling leaves are truly ata•vistic.
The remains of this species are scanty, the Raritan occurrence
being based on a single specimen, and all are very similar to the
contemporaneous
Comptonia an_iq_¢a Nilsson, described about
se_enty-five years ago from .Sweden.
Occurrence.--Sayreville.
Collections.--N. Y. Botanical Garden.

Order JUGLANDALES.
Family JUGLANDACE-/E.
Genu._ JUGLANS

_'_

Linn6.

(Sp. PI., 1753, P. 997.)
JUGLANS ARCTICA Heer.

"-

7uglans arc_ic_ Heer, FI. Foss. Arct., vol. 6, Ab. 2 : 7r, pL 4a, f.
.2; p[. -It, "[.4c; pl. 4-_,f. _-3; pl. 43, f. 3, 1882.
Lesq., F1. Dak. Group, 68, pl. 2"9,f. 3; pl. 39, ft. 5, 1892.
Newb., FL Amboy Clays, 62, pl. _o, f..2, 1896.
Hollick, Ann. N. Y. Acad. Sci., vol. II : 58, pl. 3, f. 7, _898.
Berry, Ann. Rep. State Geol. (N. J.) for J9o5; 139, pl. ,_r,
[. I, 19o6; Bull. T'orrey Club, vol. 33:: 17o, I906Hollick, U. S. Geol. Survey. Mon. 50: 54, pL 9, [- 6_°,
19o7.
]_icus atavinal I-_ollick, Trans. N. Y. Aead. Sci., vol. IX : lO3; pI.

4, f. 5, I9o2.
Description.--"I
nuce ovali, 34 mm. longa, 17 ram. lata ; folils
magnis, follolis ovalibus, basi incequilateralJbus, integerrimis,
nervo medio valido, nervis secundariis angulo semirecto egredientibus, curvatis."
Heer, 1882.
The leaves of this species vary considerably in size and outline,
which might be expected in the present genus.
Heer's type ma-
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terial is somewhat iinperfect arid in so'me cases" it is d{fScult to
distinguish it from some of the forms referred' to the same
author's ]ugtans crassipex, although the latter is or_ the whole a
much larger form with a narrower base and less o.blonK in
Outline.
:uglans arctics is 0blond-ovate in c_tiine Wiih an obtusely
pointed apex and a ronnded, generally inequilateral base. The
petiole and midrib are stout.
Secondaries rmmer_us, well
marked, parallel, camptodrome.
Size varying in complete specimens from 9 cm. to 15 cm. in length and from 3 cm. to 6 cm. in
width.
The single, nearly-perfect leaf found in the Raritan at
Woodbridge, which Newberry provisionally refers to this species,
is about 15 cm. in length by 5 era. in breadth, oblong-ovate in
Outline, with a rounded, somewhat inequilateral base, a stout
petiole and midrib, about 13 pairs of subopposite to alternate
camptodrome secondaries which branch from the midrib at a
wide angle. There seems to be little doubt _f the correctness of
Prof. Newberry's determination.
A nut and catkins are associated with the leaves at the type
locality in the Atane beds of Greenland which, confirm their reference to thi_ genus. The species has a ,_{de range, having been
recorded from Marthas Vineyard, Block Island, Staten Island,
New Jersey, North Carolin_, South Carolina and Kansas.
Occurrence--_roodbridge.
Collectio_s.--N.
Y. Botanical Garden.

Order SALICALES.
Family 5ALICACE¢_.
Genus POPULUS

Linn_.

(Sp. Pl., t7S3, p. m34.)
PoPuI,us

APICULA'rA
Holllck.

Plate XI, Fig. 4-

Popul,s

apiculata Hollick, Trans. N. Y. Acad. Sei., voL _a: 4,
pl. 3, [. 2, I892; U. S. Geol. Surv. Mon. 5o:49, pl. 7,

5 Ca, 2p, t9o7(?)
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Smith, Geol. Coastal Plain in Ala., 348, I894.
Newb., FI. Amboy Clays, 6f, pL zS, f. 3, 4, I896.
.Berry, Bull. Torrey Club, vol. 33: I72, I9°6.
Description.--Leaves
ovate to orbicular in general outline, 8
cm. to _o cm. in length by 5 cm. to 7 em. in width. Apex somewhat abruptly produced into an acuminate tip. Base euneate to
rounded or almost truncate.
Margins entire.
Petiole comparatively long and stout.
Midrib mediumly stout. Secondaries
5 or 6 pairs, subopposite below, alternate abc,ve, slender, branching from the midrib at angles of from 45 ° to, 50° and arching
upward, camptodrome.
Prof. Newberry compared this species with Pop_lus hyperborec_ Heer and Popul.us Berggreni Heer, but seemed doubtful
of its real relation to Populus.
It is also recorded from Staten
and Long Islands, from the Magothy formation of Delaware
and from the Tuscaloosa formation of Alabama.
tn the latter
region it is quite common and well illustrates the variability from
the narrow to the almost orbicular forms.
Occur.rence.--Woodbridge.
Collections.--N. Y. Botanical Garden.
POPULIIS

ORB1COLARIS

(Newb.)

Berry.

Plate XI, Figs. 5, 6.

Phyllites o.rbicuIaris Newb., FI. Amboy Clays, _3o, Dl. 24, _. 7, 8,

I896.
Populus orbkularis

Berry, Bull. Torrey Club, vol. 36: 250, I9o9.

Descriptio_.--Leaves
orbicular in outline, with a very slight "
emargination at the apex and with a slight decm'reuce from the
rounded base to the apparently short petiole. Length about 5 cm. •
and breadth usually 2 or 3 millimeters
less than 5 cm.
Margin entire. Midrib mediumly stout.
Secondaries camptodrome, relatively coarser than in the preceding species, about 6
pairs, subopposite; they branch from the midrib at a wide angle,
are less curved than ir_the preceding and inclined to be somewhat
fiexuous.
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Newberry calls attention to the resemblance of this species to
Populu,_ £yperborea Heer, but is quite positive that it is not related to Populus.
The writer does not share this opinion. Unless we are prepared to disc,_rd Populus for Phyllites in a large
number of cases, this species should surely be referred to the
former genus,
tt is a remarkable coincidence referred to in
the present connection only. because of its general interest that
the type c_f Sternberg's genus PhyIlites was very likely a true
Popuh*s and that Phyllites as a form genus for undeterminable
leaves will probably have to be dropped eventually in favor of
some other name.
The present species is based upon scanty but .perfect material
confined to the Sayreville horizon.
Occurrence.--Sayreville.
Collections.--N. Y. Botanical Garden,

Genus
(Sp.

PI.,

SALIX

Linn&

I753, p, mI£)

SALIX NEWI3_Pd{_'AZ'IAHolilck.
Plate

Sagix Newberryana, Holliek
pl. _4, {. e-7, ,896,

XI, 7Fig, 2.

in Newb.,

FI. Amlx_y Clays,

68,

Description.--Leaves" lanceolate ir_ outline, 8 cm. to z2 cm. in
length, by I cm. to 2.5 in breadth, with an elongated acuminate
apex and a cnneate or more or less rounded base, petidate.
Margins finely sharp-serrate to within a short distance of the
base. Midrib mediumly stout. Secondaries fine, more or less
obsolete on the upper surface of the leaf, but well defined on the
under side, They are numerous, parallel, branching from the
midrib at an angle somewhat over 4°° , and sweeping upward in
broad curves, camptodrome.
Areolation polygonal, relatively
coarse.
This species is frequent in the Raritaa_., but the specimens are
mostly incomplete.
Tc_ the localities enumerated by Prof. New-
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berry, MilhowrL is added as a result of recent work, showing that
_chisspecies is pre_nt from the bottom, to the top of the Raritan
formation.
It has also been' collected by the .writer £rom the
Bladen formation of North Carolina.
Occg_rrence.--Sayreville,
Woodbridge,
South'Amboy,
Milltown.
Collections.--_.
S:. National Muse.urn, N. Y. Botanical Garden.

SALIX I.,nS_W_,UX_I

Berry.

Satlx protecefol{a Lesq., (non Forbes, I829).
Amer. Jonr. Sci.,
vol. 46:94 , 1868; Rept. on Clays, N..L, 29, I878;
Cret. Ft., 60, pl. 5, f. I-4, 1874; Cret. & "Pert. FI., 42,
pl. z, f..z4-r6;
pl. r6, f. 3, 1883; F1. Dakota Group,
49, 1892.
Newb., Ft. Amaooy Clays, 66, pL zg, f. 3, 4, 1896.
Kurtz, Revista Mus. La Plata, lO: 51, I9o2.
Berry, Bull. Torrey Club, vol. 33: I7I, pL '7, f. 2, 19o6;
Ann. Rept. State Ged. (N. J.) for I9o 5, I39, I9o6.
Nali:r protecefolia longifolia Lesq., FI. Dakota Group, 50, pl. 64,

L 9, I89a.
Proteoides daphnoge_oides Newb., F1. Amboy Cl_ys, 72 (pars.)
pl. 3e, f. Lr, 1896 (non'/. z 3, z4).
Dewalq_ea groenlandica Newb., I29 (pars.), pl. 4 I, f. Iz (non

i.e, 3).
Sdb: Lesquereu_:ii Berry, Bull. Torrey Club, vol. 36:2S2, _9o9.
I_escrlpiiog.--Leaves
ovate-lanceolate iu outline; somewhat
m_re acuminate above than below, variable in, size, ran_ng
from, 6 cm. to I2 cm. in length, and from I.I cm. to 2. 2. cm. in
greatest width, _,&ich lis usually slig_htly htelow the middle.
Petiole, stout, much longer than ir_Salix _exuosa, ranging up to
1.2 cm. in length. Midrib stout below, tapering above. Secondaries numerous, sometimes as many as 2o pairs; they branch
from the midrib at angles of about 45 _ and are parallel and eamp_
.todrome:
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" Lrnfortm_ately,
the name g!ven this species was used for another by Forbes in _829, so that it becomes necessary to rename
it, and no name can be more appropriate
than that of iis distin,
guished describer, Leo Lesquereux,
for whom it is here named.
This is an exceedingly
variable species, as might be expected
in a Salix, and Lesqnerenx
established several varieties, of which
at least one, i. e. lin_arifolia, is referable to Sali_ ttex_wsa Newb.
Some of Lesquereux's
forms are distiugu,ishable
with difficulty
from the latter, and this is especially shown in the leaves which he
figures on Plate I of his Cretaveo_s
and Tertiary- Flora.
They
are, however,
larger and somewhat
more robust, of a thicker
texture

and

broadest

near, the base,

from

which

they taper

up-

(yard to an exceedingly
acuminate
tip.
In general,
SatiJ:
Lesquereuxll
is a relatively much broader, more ovate form with
more numerous and better seen secondaries
and a longer petiole.
It is a characteristic
Cenomanian
species in both the east and the
west, and has even been reported from the Cretaceous
of Argentina, by Kurtz (lot. tit.).
It is abundant in the Raritan
format-ion, both in the lower and upper

beds.

Occurrence.--Sayreville,
Woodbridge,
Collectlon_.--U.
S. National Museum,

South Amboy.
N. Y. Botanical

Garden.

Sm_zx _L_XUOSANewb.
_gag{x flexuosa Newb.,
Tert. Plants,

Later Ext. Floras, 2I, I868; IlL Cret &
pl. I, f. 4, I878; U. S. Geol. Surv. Mon.

35 : 56, pt. g, f. 4; Pt. z3, f. 3, 4; pL z4, f. e, 1898.
Berry-, Ann. Rept. State Geol. (N. J.) for I9o5: I45, 19o6;
Bull. Torrey Club, vol. 33: 17t, 19o6.
S_llx

protecefolia

linearifolia

Lesq.,

F1. Dakota

Group,

49, pl. 64,

f.I-3,i_2.
Salix

? t-{ollick, U. S. Geol. Surv. Mon. 5o: 52, pt. 8, f. xa, I9o 7.
protecefolis tTexuosa (Newb.) Lesq. loc. cit., 50, pl. 64, [. 4,
5, I892.
Hotlick, Bull. Torrey Club, voI. 2I: 5o, pl. z74, f. 5, I894;
Ann. N. Y. Acad. Sci., vol. *i: 59, pt. 4, f. 5 a, I898;
U. S. Geol. Surv. Mon. 50:51,

pl. 8, [. 5, 6a; pl. 37, [-

8b, I9o7.
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Berry, Bull. N, Y. Bot. Garden, voL 3 : 67, pl. 48, f. lg; pL
5_, f. 2, _9O3.
Description..--Leaves
narrow,
linear-lanceolate
in outline,
equally pointed at the apex and base, short petioted, ranging from
5 cm. to IO em. in length and from 8 ram. to 13 ram. in width.
Margins entire,
M_drib stout below, tapering above, usually
somewhat
flexuous.
Secondaries more or less remote, abo_t Io
alternate pairs, branching fron_ the midrib at angles varying from
35 ° to 45 °, eamptodrome, of fine calibre and often obsolete.
This species was described by Newberry ir_ 1868 from the
Dakota Group. Lesquereux in his Flora of the Dakota Group
makes it one of the varieties of his Sali.v prote_eyolia, but it is
obviously entitled to independent specific rank. It has not heretofore been known from the Rarltan formation, but is found to be
sparingly represented in the Upper beds at South Amboy. It is
pre-eminently a species which characterizes the Magothy and
allied formati_as from Marthas Vineyard to Alabama, being
especially abundant in New Jersey and Maryland,
Occurrence.--South
Amboy.
Colleclions.--U.
S. National Museum.
_ALIX

RARITANENSIS

Berry.

Salix membranacea Newb. (non Thuill, 1799) Later Ext. Floras,
19, 1868; FI. Am,boy Clays, ,66, pL zg, .f. _2, 1896; U.
S. Geol, Surv., Mon. 35 : 59, pl. G f. 5-8a, x898Hollick, Mon. U. S. Geol. Surv., vol. 50: 50, pl. 8, f..zo,
19o7 (f. 23 ?).
Sallx raritanensis Berry, Bull. Torrey Club, vol, 36: 25% 19o9.
Descriptio_._I_aves
broadly laneeNate in outline, often unsymmetrical, large, petiolate. Length about 13 cm, and breadth
at the widest part, which is toward the base, about 3 cm. Base
rounded and obtuse.
Apex narrowed and acute. 'Texture
smooth and thin. Midrib slender, somewhat curved.
Secondaries remote, branching from the midrib at an angle of 45 ° and
curving upward in parallel courses, camptodrome,
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This is another species of £alix which it is difficult to define
with precision. If the emphasis is laid upon the large size, thin
texture, and rounded base, we have characters which are easily
recognized and which can be made constant by elimination.
It
is apparently common in the lower Raritan and has been reported by Hollock (loc. cit.) from Marthas Vineyard, the latter
horizon probably of Magothy age. I have queried the small leaf
figured by Hollick from Kreischerville, Staten Island, as it seems
to be different, although it may be only a small leaf of this species.
The latter author has tentatively included Salix mattewanensis
Berry, which comes from, the Magothy formation at Cliffwood,
N. J., under this species. This is, in the writer's judgment,
perfectly, distinct and represents a much smMler, less elongated
leaf, of a different consistency and venation.
Unfortunately the original name Sa_ix membrcmacea is preoccupied, so that it becomes necessary to propose a new name,
raritanensis being here suggested.
Occurrence.--Sayreville,
Woodbridge, Milltown.
Collections.---U. S. National Museum. N. Y. Botanical Garden.

_ALIX IN_UALIS
Plate

Newb.

XI, Fig. 3.

Sali,_: incequalis Newb., F1. Amboy Clays, 67, pl. I6, f. I, 4, 6; pl.
I7, f. 2-7, I896.
Hollick, Ann. N. Y. Acad. Sci., vol. XI: 419, pl. 38, f. 4a,
t898.
Descrlptlon._Leaves
elongate-lanceolate in outline, 7 era. to
I2 cm. in length by.I cm. to 2 cm. in breadth, generally broadest
near the base and tapering upward to a long, narrow, acuminate .
tip. Base cuneate. A long curved petiole sometimes present.
Midrib slender, flexuous. Secondaries slender, numerous, branching from the midrib at acute angles and curving upward, camptodrome, sometimes invisible.
These leaves are often unsymmetrical, and their reference to
Nallx is not conclusively established.
They are common at the
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very

close to Sali_

Lesquereuxii

which is also present ir_ the Raritan formation
and widein somewhat later deposits of Magothy and. Dakota age or

their equivalents.
It is possible that these two forms should be
united, in fact Holliek in a recent publication 1 tentatively
places
the Staten Island leaf referred to in the above citation under the
latter

species.

making

However,

a change

the

writer

at the present

time.

does

not feel

Furthermore

justified

in

the Arroehar

locality is probably Raritan in age, while the Block Island and
Marthas Vineyard
floras are probably of Magothy
age.
The whole question of a classification
of all the Raritan Salixlike leaves, which will be proper from a botanical standpoint,
is
beset with the greatest
difficulties,
so that in the absence of
positive assurance the least possible amount of change is desirable.
Occurrence.--'vVoodbridge.
Collection._.--N.
Y. Botanical Garden.

SALIS PSEUDO_HAYEI Berry.
Plate

Salix sp., Newb.,

FI. Amboy

Sali_ pseudo-Ha_yei

Berry,

Descriptio_._Leaves,
lanceolate

XI,

in outline,

Fig. I.

Clays, 68, pl. 4e, f. 6-8,

Bull. Torrey

small, relatively
uniformly

about

to 1.4 cm. in greatest breadth, which
the apex and base.
Apex acuminate.

1896.

Club, vol. 36: 251, 19o9.
short

and broad,

3 cm. i_ length,

ovate-

by I.I cm.

is about haK way between
Base rounded.
Margin

eni_ire,
l_etio.le short.
M_idrib slender
and sl_gktly
curved.
Secondaries
fine, obscured in some specimens, 5 or 6 pairs, alternate, eamptodrome;
they branch
abon_ 45 o and curve upward.
This species is not uncomm_

from

the midrib

in the Raritan,

at an angle of
although

Prof.

Newberry
fails to mention the exact localities
from which he
collected it. Later, material
has come from the lower Raritan,
at Milltawn.
Holllck,

Mon.

It has

been

U. S. Geol.

compared

Survey,

with

the

vol. L., 19o7, p. 52.
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species, Sali_r ]-I_yei Lesq., a_d with the Arctic T_rtiary, Satix
Ra_a_a_ Heer, both of which it resembles in general appearance,
The Dakota group leaf, however, is coriaceous, with a coarse
venatio*_, blunt apex and more narrow pointed base, and is seen
to be quite different :from the Raritau species when careful comparisorts are made.
Occu_'ren_xe.--Milltown.
Collections.---U. S. National Museum, N. N. Botanical Garden.

Order

FAGALK5.

F_tmily FAGACE_.
Gen£s QUERCUS Linn_.
(Sp. PI._I753,p. 994.)
QUERCUS

IIARI'I'ANEIVSIS

Berry,

Q_tercus ]olm._tr_pi Newb., FI. Amboy Clays, 69, pl. I9, [. 7,
i896 (Non Heer).
Quercus raHta'_'en.ris Berry, Bull, Torrey Club, vM. 36: 249, I9o9.
Dese@tion,.--Leaves
ovate in outline, subcoriaeeous, apparently about 8 cm. or 9 era,. in length, by 4.5 cm. ir_ width,
pointed above. Margin with coarse pointed teeth separated by
rounded sinuses.
The New Jersey occurrence of this species is based o_ the
Mngle obscure :fragment of the terminal half of a leaf figured
by ProL Newberry and correla_ted with Quercus Jo,rm_trufi
Heer, a Greenland species.
The New Jersey form is obviously not the same as Heer's,
which has pMiated instead o_ rounded sinuses, and is a smaller,
mere Myrica-like leaf, with the marginal teeth, dentate rather
than serrate.
The present species cortsi¢lerably resembles an undeseribed
Quercus :from the Cretaceous of North and South Carolina, but
this resemblance" eanfiot be construed as a proof af identity
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because of the incompleteness of the New Jersey" material, consequently the present form is here renamed in allusion to tile
horizon from: which it was collected.
Occ_lrrence.--Sayreville.
Collections.--N.
Y. Botanical Garden.

Order

UI_TICALE5,

Family ULMACE_.
Genus
(Syst.,

vol.

PLANERA

Gmelin.

II, pt. i, t89I, 9. I5o-)

•PLANERA KNOWLTONIAIVA Hollick.

Pl_nera Kno_elton_iam_ Hollick in Newb., F1. Amboy Clays, 69,
pl. 42, f. t-4, 1896.
Desc@tio_.--Leaves
ovate in outline, broadest toward the
base, 24 cm. to 5 cm. in length, by I cm. to 2 cm. in breadth, with
an obtusely pointed apex and a rounded, pointed base. Margin
on,tire below for a short distance, elsewhere coarsely serrate,
Midrib thin, somewhat flextmus. Secondaries numerous, 6 to 8
pairs, parallel, fine, not much enrved;
they branch from the
midrib at an acute angle, being either opposite or alternate, and
terminate in the marginal teeth. Lateral branches from toward
the tips of some of the seco.ndaries terminate ir_ the intervening
teeth.
This species is frequent at the \Voodbridge locality, but is
rather poorly preserved, as is so often the case with the more
delicate leaves of the smaller 10_lmaeeae. It is very typical of
the leaves of this family in general outline, marginal and venation characters, and could be compared with a number of later
species of Planers. It is quite distinct, however, from the species
of Planem recently described by the writer from the Bladen
formation, of North Carollna, _
Berry,

Bull.

Torrey

Club,

vol. 34, I!;o7, _. 193, lal. II, f. 7, 8.
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Occurrence.--Woodbridge.
Collections.--N.
Y. Botanical Garden.

Family MORACE2E.
Genus FICUS Linn6.
(Sp. PI., _fS3,p. Io59.)
FICUS

MYlilC0IDES Hollick.

Ficus myicoides Hollick in Newb., Fl. Amboy Clays, 71, pl. 32,
f. ig; pl. 4I, [. _g, 9, 1896; U. S. Geol. Surv., Mon.
5°: 57, pl. zI, f. 3, 9, 19o7 (?) (non-Ward, 19o6 ).
Description.--Leaves
narrowly lanceo,late in outline, with the
maximum dimensions of 2 cm. its width by _o cm. in length, but
sometimes considerably smMler. Margin entire. Apex bluntly
rounded..i_fidrib
mediumly stout, straight. Secondaries numerous, about 2 ram. apart, straigllt and parallel, diverging from
the midrib at angles of about 45 °, or slightly more, branching to
form polygonal areoles near the margin.
This species is not conclusively allied to F_cus, nor is it especially well known since the specimens are all fragmentary.
It is
aIso recorded by Hollick from Glen Cove, Long Island, and Gay
Head, Marthas Vineyard, and by Fontaine and Ward from the
Patapsco formation of Maryland.
It is probable, however, that
some of the remains that have been referred to this species are
not related to the type material.
This is especially true of the
Long Island and Marthas Vineyard leaves which are larger and
which suggest to the writer some of the many species of Magnolia, identified by Dr. Hollick in the insular deposits. The supposed Patap,sco occurrence is based on leaf fraganents of ocapindopsis.
Occu_'rence.--Milltown.
Collectio_s.--N.
Y. Botanical Garden.
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DAPt{I_-0CEI_'0ID_S (Heer)
Plate

XII,

Berry.

Fig, 4.

Protoides

daphnogenoides Heer, Phyll. Cr6t. d. Nebr. 17, pl. 4,
/.9, zo, 1866.
Lesq., Cret. FI., 85, pl. z5, f. _, z, 1874; F1. Dakota Group,
90, 1892.
Hollick, Trans. N. Y. Aead. Sei., vel. 11:98, pl. 3, f. I, 2,
1892; Ibid., vol. 12:36, pl. 2, f. 4,9, z3, 1893; Bull.
Torrey Club, vol. 21:52, pl. z77, /, I, 1894; U. S.
Geol. Sm-v., Mor_ 50: 59, pL I_, [. I-5, t9o7 .
Smith, Geol. Coastal Plain in Ala., 348, 1894 (determined
by Ward).
Newberry, F1. Ambuy Clays, 72, pl. !7, f. 8, 9; pl. 3_', [. zI,
I3, :z4; pl. 33, f. 3; pl. 4I, f. z5, 1896.
Gould, Am..]-our. Sei. (IV), vol. 5, 175, 1898 (determined
by Ward).
Berry, Bull. N. Y. Bot. Garden, vol. 3 : 74, pl: 5I, [. 6-9,
19o3.
Ficu_ proteoides Lesq., F1. Dakota Group, 77, pL _I2, f. 2, 1892.
Ficus dctphnogenoide_ Berry, Bull. Tor/'ey Club, vol. 32 : 327, pl.
2I, 19o5; Ibld., vol. 33: 173, pl. 7, f. 5, 19o6; Ibid.,
vol. 34 : 194, pl. 11, f. ,1:o, II, 19o7 .
Eucalyptus ? attenuate Newb., FI. Amboy Clays, pl. 16, f. 5 (non
/. 2, 3) 1896Description.--"Les
feuilles sont coriaces, _. la base att6nu6es,
entifires; la nervure m6diane est forte; die porte deu.x nervures
secondaires faibles, acrodromes, qui sour presque parall61es au
Iimbe; mais elles ne sont pas oppos6es, comme chez les Daphnog,ene et Cinnamom_m."
Heer, i866.
This species was described by Heer from the Dakota group of
Nebraska and was based upon very incompietematerial.
His
specimens have some long ascending secondaries, but Lesquereux's more complete specimens from the same horizon and
region show that: these secondaries were not aerodrome, but
camptrodone.
The species in this feature and also in other
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r_spects differs from Protec_ and its allies, which are more coriaceous, with the secondaries branching at acute angles and
massed toward the often-apetlolate base. Compared with the
genus Fic_s, it is found to closely resemble a number of different
species from such widely separated localities as Central and South
America and the Celebes. Especially among the Mexican arid
Central American forms are very similar leaves seen, e. g., Ficus
fascicMata Watson, Ficus lancifolia, Hook and Arm, Fic_s tigus_rin_ Kuntb and Bquch6 and Fic_,_ sapidai M!q., especiMly
the latter, which has much the same outline and consistency, the
same prominent midrib and the same venation.
Placed in the
genus Ficus where these fossil forms properly belong, they find
• their affinity ir_ the group wNch includes, among others, suck
species as Fic2,s dongata Hosins, Fic_s Bertho_*di Lesq., Fic_*s
s_fspectc_Velen., Fic_*sKrmtsiana Heer, etc.
This species has been found to be quite variabIe in size, ranging in length from I I cm. to 22 cm. and in breadth from I. 9 cm.
to 3,7 cm. It is usually widest in the lower half o_ the leaf,
aIthough sometimes the base is quite narrow and the widest part
is toward the middle, •In all unequivocal material the upper
half of the leaf is narrow and is produced as a tong, slender, often
recurred tip, which is one o{ the characteristic features of the
species.
\
It is a widespread m_d common form ranging from g{arthas
Vineyard *o Alabama in Eastern North America, and from
Northwest Territory to Kansas and Nebraska in the west, and
serves to alIy the Raritan formation with somewhat later beds
elsewhere.
Occurrenee.--Sayreville,
ColIections.--U.

Woodbridge,

Mitltown,

South Am-

S. National Museum, N.Y. Botanical Garden.
_ICU$

OVATIFOLIA

_gFl'y.

Pate XII, Fig. 3-

Ficus ovata Newb., F1. Amboy Clays, 7o, pl. a'4, [. z-3, I896.
Pious Woolsoni Berry, Bull. Torrey Club, vol. 34: 194, pL _zz, fi
I, I9o 7.
Fic_*s ovatifoIia Berry, Bull. Torrey Club, voL 36:253 , 19o9.
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D_scription.--Leaves
ovate in outline, 8 cm. to I3 cm. in
length by 4 cm. to 7 cm. in, breadth, petiolate. " Apex extended,
acute. Base rounded or somewhat descending.
Margins entire.
Principal veins 3, from the base, the midrib being the stoutest
and slightly flexuous. The lateral veins diverge at angles of
about 45 ° and curve upward, traversing somewhat, too.re than
tile basal half of the leaf and' connecting with branches from tile
lowest pair of camptodrome secondaries of which there are
several alternating pairs which branda from the midrib at a
wider angle. The laterals give off on the outside 8 to IO campto&one veins. Quadrangular areoles formed by nearly straight
transverse nervilles" fill all of the intervening space.
This species is very close to the same author's Ficus I/Voolsoni, .
which is a much less elongated comparatively broader leaf, often
with a cordate base in consequence.
The very. appropriate name ovatc_ is antedated by Ficus ovata
Don (18o2-o3),
so that it becomes necessary to rename the
Raritan species.
Occurrence.--Woodbridge,
Milltown.
Collections.--N. Y. Botanical Garden.

Fmt_s Woo_,so_i Hollick.

Plate XII, Figs, ], 2.

Ficus Wool_oni Hollick, Trans. N. Y. Acad. Sci., vol. 12 : 33, p2.
2, f. z, 2c, I892; Ann. N. Y. Acad. Sck, vol. II : 419,
pi 37, [. 9, 1898; U. S. Geol. Surv, Mon. 50: 59, pl.
II,

f, 5, ,6, 19o7.

Smith, Geol. Coastal Plain in Ala., 348, 1894.
Newb., F1. Amboy Clays, 7o, pl. 20, [. 3; pl. 23, /. z-d,
1896,
Berry, Bull. N, Y. Bot, Garden, vol. 3: 74, pl. 47, [. 7, 19o3;
Bull. Torrey Club, vol. 33: I72, 19o6; Ann. Rept. State
Geol. (N. J.) for 19o5; 139, I9O6.
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Descrlptio_.--Leaves
broadly ovate to cordate in outline, 7
cm. to Iocm. in length by 6 cm. to i6 cm, in breadth, with
an acute apex and a cordate to a rcmnded slightly decurrent
base. Margin entire• Principal veins 3, the midrib being the
stoutest. The laterals branch at a wide angle from the top of
the petiole, traversing considerably more than the basal half of
the leaf and joining the camptodrome secondaries above; tlaey
give off on the outside numerous eamptodrome branches, the
lowest of which sometimes I)ranch from their extreme base,
giving basal fragments of these leaves the appearance of Hedera
primordialis Sap.
As previously pointed out, this species has many points of
resemblance to the preceding one, but is decidedly shorter and
broader, with a more orbicular outline and u marked tendency
toward a cordate base. It was evidently of a more coriaceous
texture since the finer venation is obsolete.
It is a much more abundant form in the Raritan formation and
enjoys a considerable'outside
distribution, being recorded from
Staten Island and from the Tuscaloosa formation in Alabama.
It is also present in the Magothy formation.
Both this and the
preceding represent a type of Ficus very abundant in the Upper
Cretaceous of the Western Interior region of the United S'tates.
Occz_rrence.--Sayreville, Woodbridge, Hylton Pits.
Collections.--N. Y. Botanical Garden.

Order

PROTf_AI_I_S.

Family PROTEACE2E.
Genus PERSOONIA
(Trans.

Swartz.

Linn. Soc. Loud., vol. IV, I798, p. zt5. )
_ERSOONIA

SPATULATA

Hollick.

Persoonic_ spatulata Ho,llick in Newb., F1. Amboy
pl. 42, f. z4, i896.

Clays, 7I,

Descriptio_.--Leaf
obovate-spatulate in outline, with an entire
margin, 3.4 cm. in length, by about -I cm. in breadth, widest to9 PAL
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ward the broadly rounded apex and tapering downward to the
euneate base. Midrib slender.
Secondaries numerous, close,
fine, branching from the midrib at an acute angle which is very
narrow in the basal part of the leaf, nearly straight and comparatively long, apparently camptodrome.
.This species was based on the single specimen fig'ured by its
author and no additional material has since come to light. It
seems to be generically identical with Persoorda Lesquermtxii
Knowlton, a much commoner form which is relatively shorter
and broader and of a less delicate texture and habit. Its relation
to the genus Persoonia is entirely problematical.
Occurrence.--South
Amboy.
Collectio_zs.--N. Y. Botanical Garden.

PI'_RSOONIA LESQU_R_UXn

Knowlton.

Plate XX, Fig. 6.
Persoonia

Lesquereu_ril Knowlton in Lesq., F1. Dakota Group,
89, pl. ,_o, f._to--L-, 1892.
Newb., F1. Ambc, y Clays, 71, pl. 4z,/. zO, 1896.
Berry, Bull. Torrey Club, vol. 33 : 173, 19o6.
Andromeda Iatifolia Newb., F1. Amboy Clays, 12o (pars.), pl.
33, f. 9, 1896 (non [. 6-8, Io).
Desc@tlon.--Leaves
obovate in ot_tline, with a broadly
rounded apex, sub-emarg_inate in one "of the Dakota group
specimens, gradually narrowing to the decurrent base. Varying
t_fom 1.7 era. to 5 cm. in length by 1.2 cm. to 2. 5 cm. in greatest
width, which is toward the apex. Petiole stout. Texture subcoriaeeous,
Secondaries sparse, 3 or 4 pairs, thin, alternate,
branching from the stout midrib at an acute angle, al_out 25 °,
camptodrome.
This species, which was described originally from the Dakota
group, of Kansas, is somewhat variable in appearance.
Holliek
referred a small almost orbicular leaf from the New Jersey Raritan to it, presumably on the basis of its resemblance to Knowt-
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"ton's fig. 12. For the same reason the writer is inclined to think
that Newberry's pl. 33, fig. 9, which he calls an Andromeda, is
also referable to this species. Similar obovate leaves are also
present in, the overlying Magothy formation.
Professor Newberry left no indication o,f the locality in the
Raritan from which: this species was collected. It is, however,
present in subsequent collections from South Amboy.
Occurrence.--So_th
Amboy.
CoIlections.--U. S. National Museum, N. Y. Botanical Garden.
f

Order

RANALES.

Family R&NUNCULACEZE
Genus DEWALQUEA
(Essai V&g&t Marnes
DEWALQUNA

Heersiennes

(?).

Sap. and Mar.
de Gelinden, 1874, 9. 55.)

GROENLANDICA

Hecr.

Dewalquea groenlandica Heer, FI. Foss. Arct., vol. 6, Ab. e:
87, pl. 29, f. zg, zp; pl. 42, f. 5, 6; pl. 44, f. _, i88e ;
Ibid., vol. 7: 37, pl. 6z', f. 5, 6, I883.
Snaith, Geol. Coastal Plain in Ala., 348, I894.
Newb., F1. Am,boy Clays, 129, pl. 4L f. a, 3, (non f. 12),
I896.
Hollick, Ann. N. Y..Acad. Sci., vol. 11: 423, ft. 36, f. 7,
1898; U. S. Geol. Surx_ey, Mon. 50: lO6, pl. 8, f. _5,
19o7.
Berry, Bull. N. Y. Bot. Garden, vol. 3 : 98, pl. 57, f. 3, 19°3";
Bull. Torrey Club, vol. 34: 194, I9o7 .
Description.--"D.
foliis digitato-trifoliolatis,
foliolis lanceolatis, integerrimis, basim versus sensim attenuatis; nervo medio
vg,lido, nervis secundariis angulo pereeuto egredientibus, valde
eurvatis."
Hjeer, 1882.
The two type figures from, Kardlok, Greenland, have very,
much elongated attenuated bases and the leaflets reach a width of
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2.2 era. While their distal portions are broken off they were
apparently 12 era. or 13 era. in length.
St_bseqnently, remains
of a similar nature fror_ elsewhere in Greenland were referred
by Heer to this species, among them, the only complete leaf (loc.
cir. pl. lxii, fig. 6) which shows a blunt apex. It is .with this
latter specimen that the Raritan leaves show the most marked
affinity. The latter are found detached, but are unsymmetrical,
as is the case with the leaflets of many trifoliate forms. They
have a rather slender midrib and 6 or 8 pairs o.f very thin ascending camptodrome secondaries, the apex is blunt and the
base is attenuated.
They are about 7 cm. in length by 1.4 era.
to 1.7 cm. in greatest width. There seems to be little room for
doubt but that they are correctly identified.
This species has a wide range, if reliance can be placed on the
tmblished records, which include Staten. Island, North Carolina
and Alabama.
Occurreme.--Locality
unknown.
Collections.--_N. Y. Botanical Garden.
D_WALQUIgA

De_amlqueaLtrifoliata
4-7, I896.

TRIFOLIATA

Newb.

Newb., Fl. Amboy Clays, I2 9, pl. 2z, f.

Descrip6on.--Leaves
trifoliate.
Leaflets linear laneeolate.
While the tips are missing on all"of the specimens the apex was
a,pparently acuminate.
Base cuneate and decnrrent, in some
instances continued downward and joining that of its fellow leaflets, inequilateraI in the lateral leaflets. Size variable, ranging
from about 8 cm. to 12 cm. in length and 1.2 era. to 2 em_ in
breadth.
Margins entire throughout.
Midrib medium, slightly
flexuous.
Secondaries numerous, thin, more or less obsolete,
apparently camptodrome.
A number of specimens, all incomplete, have been collected
from the Woodbridge clays and several are f_gured in Prof.
Newberry's monograph.
The genus is characteristic of the
Upper Cretaceous and Lower Eocene and its botanical affinities
are still considered doubtful, although it is usually classed with
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the Ranuncnlacem following the views of Saporta and Marion.
who handled a large amount of fine material from the Heersian
of Belgium.
The present species has rmt been recognized outside of the
Raritan _rmation and is perfectly distinct from the wide ranging
Dewalquea groenlandica Heer,
Occurence.--Woodbridge.
Collections.--N.
Y, Botanical Garden.

Family MAGNOLIACEzE,
Genus MAGNOLIA Li0_nt_.
(Sp. PL, _753,p- 535.)
MAGNOLIA

SPECIOSA

l-leer.

Plate XIV, Fig..3.
Magnolia speciosa Heer, Neue Denks. Schw. Gesell, vol. 23 : 2o,
pl. 6, f. I; pl. 9, ]:. _; pl. Io,/. I, i869.
Lesq., Cret. & Tert. FI, 72, I874; F1. Dakota Group, 2o2,
pl. 6o, f. 3, 4, t892.
ttollick,. Trans. N. Y. Acad. Scl., vol. t2:_34 , pl. y, f. 4,
i893; Bull. Torrey Clab, vol. 2i : 60, pI. _78, f . 5, I894;
Bull. Geol. Soe. Amer., vol. 7: I3, I895; _%LS. Geol.
Snrv., Mon. 50: 64, pL I9, f. :z-4, I9o7.
Smith, Geol. Coastal Plain in Ala., 348, _894,
Knowlto,n, 2_ Ann. Rept. U. S. Geol. Surv., pt. 7, 3_8, x9m.
Berry., Bull. Torrey Club, vol. 3I:76, pl. 3, f'. zo, I9o4;
Ibid., vol. 32:46, pl. 2, f, 4, 5, I9o5.
Magnoli_ auriculata Newb., FI. Amboy Clays, 75 (pars.), pL 4_,
f. z3; pl. 58, "[._o, I896.
Description.--"M.
f_liis maximis, coriaeeis, ovato-elliptleis,
apice long'e attenuatis, valde aeumlnatis, basi in petiolum val{dum
attenuatis, nervo primario crasso_ nervis secundariis valde curvatis, camptodromis."
Heer, _869.
This species is somewhat variable in size, the American material which is some_vhat smaller than the type material from
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Moleteiil, Moravia, ranging in length {rom 8. 5 cm. to 19 cm.,
and in width from 4 cm. to 7.5 cm. It is ovate-elliptical in
outline with the apex more or less produced and the base decurrent.
The midrib and petiole are stout. The secondaries
are well marked, earnptodrome; they number 7 to 9 pairs, and
are subopposite, branching from the midrib at an angle of about
45 ° and curving upward. The texture is coriaceous.
'Phis species, which was described originally from the C,eno,martian of Moravia, has been found to have a wide range in
America.
Typical leaves occur in the Dakota Group which
range southward to, Texas. It is present on Marthas Vineyard
and Long Island, and in the Magothy formation of New Jersey.
While not heretofore reported from the Raritan it would seem
a:s if some of the leaves which Prof. Newberry described as
Magnolia ahriculata: should be referred to this species, They
range down_ in size, but this is also trffe of some of the western
leaves of this species. Magnolia a_uricuJata was reported by
Prof. _Vard from the Tuscaloosa formation of Alabama, but
all of the specimens so labelled, which have come into the writer'_
hands for study, are closer to Magnolia speciosa_ and not one
shows any tendency toward an auriculate base which is the main
characteristic of the former species. This may, of course, have
been a variable feature, as it is to a certain extent in the existingMagnolia Fraseri Walt., and Magnolia n_acrophytla Michx.,
but if it is worth anything at all irLthe fossils it is worth emphasizing. This is another species which tends to correlate the
Raritan with, the Cenomanian of Europe.
Occur_ence.--Woodbrige.
Collections.--N. Y. Botanical Garden.
MAGNOLIA
Plate

ALTERNANS
XV

Fig,

Heer.
L

Magnolia alternans Heer, Phyll. Cr_t. d. Nebr., 20, pl. 3, [. 2-4;
pl. 4, f. z, 2, I866; Fl. Foss. Arct., vol. 3, ab. 2: It6,
pl. 33, f, 5, 6; pl. 34, f. 4, I874; Ibid., vol. 6, ab. z: 9L.
pl, 2_, f, 2; Pl. 46, f. 2z, i882.
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Lesq.,

Cret. FI., 92, pl. I8, f. 4, I874;
F1. Dakota Group,
2oi, pl. 34, [. IL 1892.
Velen., FI. B6hm. Kreidef. Pt. 2: 19; pl. 6, f. 5; pl. 7, f.
6, I883.
Smith, Geol. Coastal

Plain

in Ala., 348, 1894.

Newb., F1. Amboy Clays, 73, pl. 55, f. z, e, 4, 6, I896.
I-Iollick, U. S., Geol. Surv, Mon. 50:67, I9o 7.
Pollard, Trans. N. Y. Acad. Sci., voI. 13: ISI, I894.
Description.--"M.
foliis eoriaceis, petiolatis, elllpticis, integerrimis, basi in petlolum attenuatis, nervis secundarlis angulo acnto
egredientlbus,
bus."
Heer,
Tbls

"_alde eurvafis,
1866.

is a rather

poorly

c_mptodrom_s,

defined

species

_Jternis

whose

tenuiori-

wide range

is

based for the most part upon very fragmentary
material.
It i_
oblong elliptical in outline, 9 cm. to 15 cm. in length by 3 cm. to
7 era. in. breadth, with a stout petiole 5 cm. to 7 era. in length.
'Apex pointed.
Base euneate to rounded.
Midrib stout.
aries stout, separated by tertiaries,
camptodrome.

Second-

This species was described, originally
from the Atane beds of
Greenland,
and it has since been reported outside of the New
Jersey area from the Cenomanian
of Bohemia, the Dakota Group
in Nebraska,
Kansas and Minnesota,
the Tusealoosa
formation
of Alabama and the Raritan (?) o£ Long Island.
As previously
mentioned,
all of the references in the foregoing s_nonymy cannot be vouched

for as regards

correctness

of ider;tification.

Occurrence.--,Shyreville,
Woodbridge.
Collections.--N.
Y. Botanical Garden.
MAGNOLIA

BOULAYANA

Lesq.

Prate XIV, Fig. e.
Magnolia

Boulayana Lesq., FI., Dakota Group, 202, pl. 60, f. e,
1892.
Know/ton,
21 Ann. Rept. U. S. Geol. Surv., pt. 7:3 I8, 19°L

Berry, Bull. Torrey Club, vol. 36: 254, 19o9.
Mragnolia glaucoides Hollick, Bull. Torrey Club, vol. 21 : 6o, pl..
z75, £. z, 7, 1894; U. S. Geol. Surv., Moo. 50:67, pl..
I9, f.'6;

pl. 2o, f. 6, 19o7.
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Smith, Geol. Coastal Plain in Ale., 348, i894.
Newb., F1. Amboy Clays, 74, pl. 57, f. I-4, I896.
Descrlption.--Leaves
narrowly elliptical in outline, remarkably
uniform ill size and shape, 8. 5 cm. to 13 cm. in length and 3-5
cm. to 4.5 cm. in breadth. Apex usually bluntly rounded, sometimes acute. Base matching the apex. Petiole medlumly stout,
3 cm. to 4 cm. in length. Midrib mediumly stout. Secondaries
slender, often obsolete, about I_ pairs, equidistant, parallel,
camptodrome, branching from the midrib at an angle of about
4o°. Wertiaries when seen transverse.
Texture coriaceous.
This species was described originally from the Dakota Group
of Kansas. Professor Newberry described the Raritan remains,
which are abundant at the Woodbridge locality, as a new species,
and it has been kept distinct by Hollick, who recognized, however, its practical identity with the Dakota Group plant.
There can be no question but that they belong to the same
species which is also recorded from Marthas Vineyard and Long
Island, and from the Woodbine formation of Texas and the
Tuscaloosa formation of Alabama.
Occurrence.--Woodbridge.
Collections.--N.
Y. Botanical Garden.

MAGNOLIAISBERClaNAHeer

(?).

Magnolia Isbergia_a Heer, FI. Foss. Arct., vol. 6, abth. 2:9I,
pl. 36, fig. 3, I882.
Hollick, ]3ull, Torrey Club, vol. 2I : 60, I894. Mon. U. S,
Geol, Surv., vol. 50:66, pI. 2o, fig. 4, I9o7.
Description.--"M.
foliis late ovatis, basi rotundatis;
nervis
secundarlis approximatis, angulo acute egredientibus, curvat_s."
Heer, I882.
This species was described by Professor Heer from the Atane
beds of western Greenland and compared with that author's
]lzlgnolia Capellinii, from which it differs in its thinner and more
numerous secondaries and its truncated base. It has also been
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from the Cretaceous at Glen Cove, Long

The material from Milltown is fragmentary, as is the type from.
Greenland and the single specimen from Loug Island, so that it
is difficult to determine all of its specific characters.
In general
the leaf is broadly ovate or subelliptical in outline, with a rounded
or bluntly pointed apex and a widely truncated base, rounded
laterally, Length, 9 cm, to t2 cm, Greatest width, which is at
or near the base, 6 cm. to io era, Midrib comparatively slender.
Secondaries, 9 or io alternate pairs, very thin, branching from
the midrib at an acute angle, camptodrome.
This species remotely resembles Magnolia' Capellinii as has
been pointed out by Heer. It also suggests in its general outline
and venation characters Magnolia Lacoeane of Lesquereux, dif.feting merely in the character of its base.
Occurrence.--Milltowu.
Collections.--U.
S. National Museum.

MA6NOLIA NI_V'BERR'CI Berry.
Plate

XIII.

Magnolia, longifolia Hollick, '12rans. N. Y. Acad. Sci., vol. I2 : 36,
pl. 3,(.9,
I892; Ann. N. Y. Acad. Sci., vol. II:422,
pl. RT, f. 3, I898; U. S. Geol. Sm'v. Mon. 50:66, pl.
2o, f. e, 3, I9d7 (non Sweet, I826)'.
Smith, Geol. Coastal Plain in Ala., 348, 1894.
Newb., FI. Amboy Clays, 76, pL 55, _. 3, 5; pl. 56, _. I- 4,
I896.
Magnolia Newberryi Berry, Bull. Torrey Club, vol. 34 : 195, pl.
z3, f..6, I9W.
Description.--Leaves
mostly of large size, ovate to oblong irt
outline, about 2o cm. in length by 9 cm. to io cm. in breadth,
broadest toward the base. Apex sub-actlte or obtuse. Base varying from obtusely rouuded, almost truncate, to somewhat
cuneate. Petiole and midrib stout,
Secondaries comparatively
thin and open, abo,nt I2 p_irs, camptodrome.
Tertiaries
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forming 4, 5, or 6 sided areoles_ quite prominent in some specin'_ns.

This is the largest Magnolia of the Raritan, the leaves of
which are said by Prof. Newberry to reach a length of 3° cm. or
more. I_ is frequent at the Woodbridge locality and has also
been reported from Staten Island and Marthas Vineyard, from
the Tuscaloosa formation in Alabama and from the Bladen formation in North Carolina.
In a general way it resembles an immense leaf of Magnolia
woodbridge,sis,
and it also approaches somewhat Magnolia
longipes, but the petiole is only about one-third the length that
it is in the latter species.
Occurrence.--Woodbridge,
Collections.--N.
Y. Botanical Garden.

_VIAGNOLIALACOEANA Lesq.
Plate

XVI,

Fig. 2.

Mugnolia Laeoeana I_esq., FI. Dakota Group, 2oi, pl. 60, f. x,
I892.
Newb., FI. Amboy Clays_ 73, pL 55, f. r, 2, 1896.
Holliek, U. S. Geol. Surv. Morn 50:65, pl. rT', [. 2, I9o 7.
Description.--Leaves
broadly oval to almost orbicular in outline, obtuse or abrfiptly pointed above and rounded to a somewhat cuneate below, IO cm. to 12 cm. in length, by $-5 era. to
9.5 cm. in width. Midrib stont, somewhat flexuous. Secondaries
numerous, camptodrome, mediumly stout, IO to 12 pairs; they
branch from, the midrib at an acute angle, immediately curving"
outward, forming festoons near the margin, which is somewhat
undulate irL one specimen wt_ich Prof. Newberry referred to
this species.
This species differs from its contemporaries, especially in its
nearly round outline; Prof. Lesquereux finds a resemblance to
Magnolia Ingle_eldi Heer from Greenland, and it also suggests some of the Arctic forms which have been referred to
Mag*wlia Cape[lini Heer.
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While this species is reported from such widely separated
points as Marthas Vineyard mid Kansas, it is nowhere abundant,
and is usually poorly preserved, suggesting that the leaves were
readily macerated.
It also occurs in unreported eollectiot_s from:
the Magotlay formation in Mar_dand.
Occurrence.--Woodbridge.
Collections.--N.
Y. Botanical Garden.

MAGN(ILI'X

Plate

LONG1PE8

H01Iick,

XIV, Fig. L

Magnolia

longipes Hollick, Bull. Torrey Club, vol. 2I:6o, p[
_78, f. 3, _894; 1.Y.S. Geol. Surv. Mon. 51y:64, pl. 2_r,.
f. 5, 6, _gWNewb., _l. Amboy Clays, 76, pI. 54, f. 2-3, 1896.

Description.--Leaves
oblong-ovate in outline, apparently about
I8 cm. in length, by 6 cm_.or 7 era. in breadth, which, was below
the middle.
Apex obtusely rounded.
Base usually cuneate.
Midrib and petiole very itout, the latter unusually long, reaching
12 cm. or I3 era. in some specimens. Secondaries earnptodrome,
relatively thin and remote, io to i2 pairs, branching from. the'
midrib at an angle of about 450 and soon curving upward to.
join a branch from the secondary next above. This forms a series
of large arches which approximately parallel the margin and
constitute one of the distinctive characters of this species, another
being the long petiole and the oblong, almost strMght-sided,•
shape.
This was a very striking Magnolia and is frequent in the
Raritan at Woodbridge.
Fragmentary
specimens which have
been correlated with these remains are repo,rted from Long
Island. It is apparently quite different in appearance from any
of the other Cretaceous species of Magnolia, although it suggests somewhat a gigantic form of Magn*oli_ wo.odbridgensis.
Occurre_we.--Woodbridge.
Collectlons.--N.
Y. Botanical Garden.
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WOODng_OC_:NSISHoliick.

Plate

XV,

Fig.

2.

Magnolia

woodbridgensis Holliek in Newb., F1. Amboy
74, pl. Fd, f. I_; pt. 57, f. 5-7, I896; Ann. N. Y.
Sci., vol, i_:6o, pl. 3, f. 2, 1898. U. S. Geol.
Non, 5o : 66, pL 2o, f. 7, 19°7"
Berry, Bull, N. Y. Bot. Garden, vol. 3 : 77, pL 53, [.

Clays,
Acad.
Surv,
5; pl.

57,f. e, 9os.
Descriplion.--Leaves
elongate-ovate in outline, m era. to 15
era. in length by 4 cm. to 6 era. in greatest breadth, which is
toward the base. Apex obtuse. Base rounded.
Midrib stout.
Secondaries slender, numerous, about I2 pairs, camptodrome,
Branching from the midrib at a wide angle in some instances
approaching 9o°. The original description says that the texture
is thin, although, according to the writer's observations, it is subcoriaceous, and the venation is often obsolete.
This species is common in the Raritan at the Woodbridge
locality, and it has also been recorded from Block Island and
from the Magothy formation at Cliffwood bluff,
Oceu,rrence.---_goodbridge.
Collections.--N.
Y. Botanical Garden.

MAGNOLIA
P_ate

HOLLIEKI Berry.
XV,

Fig.

3.

Magnolic_ Holllcki Berry, Bull. Torrey Club, vol, 36: 253, 19o9,
Magnolia auriculata Hollick, Bull. Torrey Club, vol. 2_:6I, pl,
1"79, f. d, 7, :c894; U. S. Geol. Surv. Mon. 5o:67, pl,
I9, f. 5; pl. co, f. 5, '& I9o7 (non Lain., I783).
Smith, Geol. Coastal Plain in Ala., 348, z894.
Newb,, F1. Amboy Clays, 75, pl. 58, f, I- 9, rI, 1896 (non

f,
Berry, Bull. Torrey Club, vol. 33 : _Y4,
Dicotyledonous
leaf impresaion Hitehcock,
a: 430,pl.
f. * (pars), 184I.
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Description.--Leaves
orbicular-ovate in outline, 4 era. to Io
cm. in length by 2 era. to 5.5 cm. in width, petiolate.
Apex
acute, slightly extended in one or two specimens. Base rounded
.occasionally, usually pronouncedly aurieulate.
Petiole and midrib stout. Secondaries few, 6 or 7 pairs, sub-opposite, campto• drome. Texture smooth and subcoriaceous.
This magnificent species is abundant and well preserved at the
Woodbridge locality and Marthas Vineyard and in the Magothy
formation of Maryland.
Prof. Newberry was somewhat uncertain as to its relationship with Magnolia and compared it with
Aristolochia_ Polygonu_ and Toxylon.
The latter is the only
genus which is at all suggestive, and it furnishes no instances of
auriculate bases, while this character of a base prevails in more
than one modern species of Magnolia. The outline, consistency
and venation, are all in accord in pointing to Magnolia as the
proper generic reference. This is one of those forms mentioned
from Marthas "Vineyard by Prof. ttitchcock in his Geology of
Massachusetts published in r84I,
Unfortunately the specific name had been previously used by
both Lamarck and Desvaux in I783 and I789, so that the fossil
species may well be renamed in honor of Dr. Hollick, who has
done so much in the elucidation of the Cretaceous floras in the
vidnlty of New York.
Occurrence.--Woodbridge.
Collecffons.--N. Y. Botanical Garden.

Genus LIRIODENDRON

'Linnd.

(Sp. PI., 1753, p. 535.)
LIRIODElgDRON

0BLONGIFOL1UM

_ew_.

Lfriodendron oblon£,ffoli_m Newb., Bull. Torrey Club, vol. 14 : 5,
pL 6_r, f, I, 1887; F1. Amboy Clays, 8i, pl. 5z, f. I-d,

.I896.
Holliek, Bull, Torrey Club, vol. zi: 6_, pl. _TP, f. 3, _894;
U. S. Geol. S)rv, Mon. 5o: 68, pl. 2z, f. 8, I9o7.
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Descriptio_.--A
considerable variety of forms are referred by
Professor Newberry to this species; most of these are fragmentary and depart somewhat from the usual form; for example,
his fig. 2 shows the terminal portion of the lobes with several
• acute marginal teeth. "Phis author's fig. I is here taken as the
typical fore1, and it may be described as follows : Leaves oblong
in outline, of large size, I I cm. in length along the midrib by
about the same distance in greatest width. Apex emarginate.
Base truncate. Laterally there are three or four incipient lobes
or points separated by wide, shallow, rounded sinuses, the lowest
pair being almost half the distance from the base to the end of
the midrib. Petiole long and stout. Midrib stout. Secondaries
slender but well marked, numerous, about I2 pairs, sub-opposite,
mostly camptodrome, usually sending branches to the marginal
points, occasionally one runs direct to a marginal point; they
branch from the midrib at a wide angle, about 65 °, and are comparatively straight in their courses and consequently approximately parallel.
The remains of this species are rather infrequent and fragmentary, on the whole they indicate a leaf surprisingly like that
of the modern tree and almost identical with those modem leaves
which are more or less quadrangular
in outline, with shallow
rounded sinuses and from 2 to 5 marginal lobes on each side.
This species is confined to tile Woodbridge locality, with the
exception of a single extremely doubtful fragment from Glen
Co_e, Long Island, which Hollick tentatively identifies with it.
Occurrence.--Woodbridge.
Collections.--N.
Y. _otanical Garden.

LIRIODEBDRON

QUERCIFOLIUM

Newh.

Plate XVII, Fig. _.
Liriodendron quercifolium Newb., Bull. Torrey Club, vol. I4 : 6,
pl. 6z, f. z, 1887 ; FI. Amboy Clays, 81, pl. 51, f. r-5, I896.
Descrlptlon.--Leaves
oblong in general outline, of large size,
pinnately divided by narrow sinuses into from 2 to 4 lateral
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lobes. Apex emargittato. Base truncate to somewhat cordate.
Length along the midrib varying from 7 cm. to 9 era. and
probably considerably greater in some specimens since one fragment measulres 12 era. in width. Width in perfect specimens
about 9 era. Lateral lobes ovate in outline with very acute tips,
sometimes narrowed proximad giving them an almost obovate
outline; intervening lateral sinuses narrow and deeply cut, in
some instances reaching' nearly to the midrib, rounded. In some
specimens only 2 n_ain lobes are developed on each side, which
are then quite similar to the tylJical modern leaf. In these cases,
however, the upper lobes are divided by" a shallow sinus into 2
sharp lobules.
Other Sl'_cimens show 3 lobes of ectual magnitude on each side, while one of the best' specimens has 4
nearly equal lobes on each side, the'basal and apical pairs being
somewhat shorter than the medial pairs. This form of leaf is
very suggestive of some species of Ouercus, but its variations, as
well as its venation, show that it is related to Liriodendron,
The
petiole is preserved for a considerable length a_d is very stotlt, as
is the midrib. There is one m_tin secondary traversing each lobe
and running d!recfly to its apical point. In addition there are
one or more camptodrome
secondaries in each lobe which
anastomose with branches from the main secondary, their number being dependent upon the relative width ot the lobe; they
branch from the midrib at angles of about 6o °.
At first sight this species appears to differ considerably from
Liriodendron oblongifolium and from tbe modern ,iorm, but this
difference is not nearly as great as it seems, and it is probable
that Liriodendron quercifolium is simply a variation from the
common ancestor of the two species in.the direction 04 Lirlode_dron plnnatifidum Lesq. Numerous leaves of the modern tree
can be found with an incipient lobation suggesting LiHodendron
querci/olium.
In these, howe\,er, the sinus is comparatively
shallow and rounded, so that the general appearance of the two is
not markedly similar.
Occurrence :--Woodbridge.
Coll¢ction4".--N. Y. Botanical Garden.
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Family LAUR._CEIE.
Genus SASSAFRAS
(Handb.

Nees.

Bot., vol. ii, 183I, p. 4_8.)

SASSAFRAS

ACU'_CILOttU

Plate XVIII,

)g

Lesq.

Fig. 2.

_Cassafras c_cutilobu_mLesq,, Cret. FI., 79, pl. _r4, ]:. r, 2, I874;
Cret. and Tert. FI., 56, pl. 5, f. z, 5, I883; F1. Dakota
Group, Ioo, I892.
Hollick, Trans. N. Y. Aead. Sci., vol. I2:236, pl. 7, f. r
I893; U. S. Geol. Surv. Mon. 5o:77, pl. 30, f. 8, 9,
I9o7.
Newb., Ft. Amboy Clays, 87, pl. x5, f. z-Io; pl. 26, f. -,-6,
I896.
Kurtz, Revista Mus. La Plata, vol. Io: 53, I9o2Berry, Bot. Gazette, vol. 34:438, I9°2; Bull. N. Y. Bot.
Garden, vol. 3:8I, pl. 45, f, z, 2, I9o3; Bull. Torrey
Club., vol. 3I : pl. I, f. 6, I9o4; Ann. Rept. State Geol.
(N. J.) for I9o5, I39: pl. 2.,, f. 4, 5, I9o6.
Descriptio_t.---Trilobate
leaves, variable in size and outline.
Length 2.5 cm. (in the young leaves which are preserved at the
Woodbridge locality) up to I4 era., avera_ng Io era. to I2 cm.
Width from the tips of the lateral lobes likewise ranging from I
em. to 15 em. averaging about Io cm. Lobes mostly conical and
acute, the middle being usually slightly the broadest and longest.
Lateral lobes directed more or less laterally.
Base decurreot.
The sinuses betweer_ the lobes are usually open and rounded,
the margins forming an angle of approximately 9o°, There
is considerable variation, however, in this respect, some of
the leaves having comparatively narrow sinnses with the lobes
directed upward, as in Sassafras progentor Hollick, while others
at the opFosite extr_ne of the series, have extremely shallow
sinuses, so shallow that the leaf has the appearance of a triangularly pointed, entire leaf. The lateral primaries may branch
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from the midrib at or near the base, as they do in a majority
of the Raritan forms, or their point of divergence may be a
considerable distance abbve the base, as itt m,oderrr Sassafras
leaves. Their angle of divergence from the midrib varies from
about 3°° to 4o °. The secondaries are usually numerous, regular,
eamptodrome, and connected by transverse tertiaries, although in
the Raritan leaves this uniformity is often lacking. Petiole, stout
and long. The marginal vein along the sinus, a marked feature
in modern leaves of this genus, is generally wanting in this
species, although present in occasional specimens.
This species is apparently widely distributed and almost as
variable as the modern Sassafras.
Described originally from the
Dakota Group as a variety of Sassafras mudgei, it occurs, also,
oN Marthas Vineyard and Long Island and in the Magothy
formation of New Jersey and Delaware.
It has been recorded
from Cerro Guido, Argentina, and Velenovsky identifies somewhat doubtful remains from the Cenomanian of Bohemia as
this species. Probable Sassafras fruit has been found in the
same strata with S. acuiilobu,_ _, tm!ding to show that it i_a true
Sassafras, notwithstanding
its dissimilarities;
however, this
is not certain, as the leaves and frttit were not found associated.
Lesquereux's smallest figure o_ S, acu.tiloNam is considerably
smaller, with the lobes directed upward, and is probably a young
leaf of his larger form. His other figure approaches some of
the leaves which Newberry refers to this species, but has narrower and more produced lobes.
There is considerable doubt as to whether or not the Coastal
Plain leaves are generically related to Sassafras.
Whether the
Dakota group forms are those of Sassafras it is not easy to
decide. No modem Sassafras leaves have the primaries and
the lateral lobes so nearly horizontM ; the secondaries are no_
so uniformily reg_dar, nor do they curve.upward
to join the
next above at a point. In, the'modern leaf an outwardly and
downwardly
directed branch from the latter is emphasized.
There is never such an open sinus, amounting as it does to
_Lesquereux,

_.
I0

Dakota
PAL

Group,

p, 23o.
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nearly 9°° , and the lobes in the modern leaf have their margins inflated and not straight.
In these ancient leaves the
sinus seldom has a marginal vein, the secondary in this region
usually forking and striding it, or curving to join its neighbor.
The secondary system seems to be uniform thron_ont
the
leaf, while in the modem leaf there is always evidence of changed
conditions in that region arotmd the sinus; the secondaries or
their representatives
from both the primaries and midrib are
changed fi_size and direction, and usually belong to the tertiary
system.
None of the Dakota leaves of this species show the
characteristic basal venation of the modern leaf, While we
shonld not, necessarily, expect Cretaceous species to conform to
the modern type, still the character of the secondary system in
tile former is so different from what would obtain in a leaf
descended from a simple ancestor, such as Sassafras is thought
to have done, that .we are inclined to associate these leaves with
those trilobed forms which have been referred to, Aralia or
Sterculia_ laying aside, for the present, any consideration as to
whether or no they are true species of Aratia and Sterc_lia.
However, in view of the present uncertainty, grid because of
the havoc to the stratigraphie value of these leaves which would
be wrought by any change of name, they are retained in the
genus Saa'safras pending more positive evidence of their affinity.
Occurrence.TWoodbridge,
Milltown.
Collections.--N.
Y. Botanical Garden.

_A_SAFRAS PROGENITORHollick.
Plate

XVIII,

Fig.

I,

Sassa[ras

progem;tor Hollick, Bull. Torrey Club, vol. :zI:53,
pl. I74, f. x, I894; B'ull. Geol. Soc. Amer., vol. 7: 13,
1895; U. S. Geol. Stow. Mon. 5o: 78, pI. 3o, [. Iz,
19o7.
Newb., F1. Amboy Clays, 88, pl. 27, f. *-3, 1896.
Berry, Bot. Gazette, vol. 34: 443, 19°2; Bull. Torrey Club,
rot. 31 : 78, pl. I, f, 3, I9o4-
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Descrfption..--Trilobate
leaves 04 variable size, 5 _- to 20 c_n..
in length, by 3.5 cm. to 13 cm. in breadth.
Lobes pointed or
obtuse, the middle one considerably the larger.
Petiole short .
and stout.
Primaries branching from the cuneate base at an
acute angle. Secondaries remote, camptodrome with the exception of the pair, of which one runs to the sinus on each side.
Prof. Newber W is very p_itive that this leaf is a true SoasaIra< with which view I entirely agree. The small leaf is the
exact counterpart of the modem Sassafras leaf it_ outline and
venation, witR the exception that the primaries are basal. While
no marginal veins are visible at the sinuses, the first secondaries
leave the midrib and curve upward, runnin@ directly to. the sinuses as in the existing, Sassafras leaves, t-Iollick's specimen
from Long Island, while fra_nentary,
has a short branch running to the sinus in the half of the leaf-blade which is preserved.
Newberw's other figures each lack the basal portion o,f th_ blade
and c¢1e o.f the lateral lobes; the lobes are more obtuse than irt
his smaller specimen. While the sinus apgears to lack a marginal
vein, the dispo.sitior_ of the secondaries and tertiaries in this
region, is Sassafras-like.
This species is common, but fragmentary in the Raritan at
Woodbridge, and has also been reported from Long, Island and
from the Magothy formation of New Jersey. It suggests somewhat Saesafras Mudgei Lesq, from the Dakota Group.
Occurrence.
_vVoodbridge.
Collcctio_r_-.--N. ,Y. Botanical Garden.

SASSAFRAS _IASTATUM Newb.
Plate

XVII,

Fig. a.

Sassafras

hastatum Newb., FI. Amboy Clays, 88, pl. 27, f. 4-6;
H. ca, f. z, .z; H. 40, f. 4, _896.
Berry, Bot. Gazette, vol, 34: 448, 19o2.
Hotlick, B'ull. N. Y. Bot. Garden, vol. 3: 414, pl. 79, f* 4,
_9o4; U. S. Geol. Surv. Man. 50: 78, pl. 29, _. 4;
pl, 3o, f. re, Le_7.
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De_riptfo_,--Trilobate
leaves more or less hastate i_ outline.
Lobes conical, obtusely pMnted, the middle one the larger, The
• lateral lobes are generally directed herizontally, thus the base is
truncate in extreme forms, in others it is broadly rounded, while
still other fragments indicate that it was cuneate in some specimens. These leaves vary considerably in size and appearance,
some of them approaching Sassafras progenitor Hollick in appearance. They are about Io cm. to I2 era. in length, by about
the same distance from tip to tip of the lateral lobes. Primaries
3, somewhat flexuous, diverging a considerable distance above
the base, the short and stout petiole continuing upward in the
base of the leaf in undiminished size to this point of divergence.
Angle between the lateral primaries and the midrib varying from
32 ° to 7o°, being usually nearer the latter than the former fignre.
In one specimen there are _ pairs of laterals below the point of
divergence of the primaries.
This species shows considerable diversity of characters.
It
is quite common at the Woodbrldge horizon and is also reported
from Long Island and Marthas Vineyard.
Its relation to the
modern Sassafras is very doubtful and it seems to be allied to
some of the Raritan forms which Newberry identifies with
dralia.
Occurrence.JWoodbridge.
Collections.--N.
Y. Botanical Garden.
Genus
(Sp.

LAURUS
PI.,

I753,

Linn6,
p, 369.)

LAUR_JS PLUTONJ[A Heer.

Z_v_r_tsplutonia Hoar, F1. Foss. Arct., vol. vi, ab. 2 : 75, pl. 19, f.
:;d, e-4; PL co, f. 3G 4-6; pl. 24, [. 6b; pL e8, f. zo,
zz; pL 4G f. 4b, I882 ; Ibid., vot. vii : 3o, pL 58, [. _;
• pL 6e, f. ra, 1883.
Velen., FI. B6hm, Kreidef., Theil 3, P- I, pl, 4, f. 2-4, I884.
Lesq., Ft. Dakota Gronp, 91, pL I3, f. 5, 6; pL -_z, f. 5,
i892; Geol. and Nat. Hist. Surv., Minn., voh 3, pt. t,
p. I4, pl.A,f.
6; pl.B,f. 5, 1895.
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Newb., F1. Amboy Clays, 85, pl. _r6,f. :o, _I, I896_
Hollick, Ann, N. Y. Acad. Sci., vol. ii: 6o, pl, 4, f. 6, 7,
1898; U, S. Geol. Surv,, Mon. 5o: 80, pl, z 7, "f, 9, rr;
pl. eS, f. i, e, i9o 7.
?Gould, Amer. J0_r. S_i., vol.'5 : I75, I&)8.
Berry, Bull. N, Y. Bot. Gard., vol. 3: 79, pl. 50, [. 9-_z,
I9o3; Bull, To.trey C/ub, vol, 31 : 77, pl. 3, f. I, I9o4;
Ibid., vol. 33: I78, _9o6; Ann. Rept. State Geol. (N,
J.) for 19o5: I38, I39 , t9o6.
Description.--"L.
foliis subcoriaceis, tanceolatis, utrinque attenuatis, aeuminatis, integerrimis; nervo primario validiuseulo,
nervis secundariis numerosis, tenuibus, sub-angxlle aeuto egredientibus, arcuatis, interstitiis reticule_tis." Heer, I882.
Leaves lanceolate irt outline, usually tapering in both directions, but sometimes less acute at the base. Length 7 cm. to _I
cm.; greatest width i. 5 cm. to 2. 5 cm. Midrib mediumly stout.
Petiole short and stout, _5mn_,.to'I5 mm. in length. Secondaries
slender, eight oi" more alternate pairs, camgtodrome.
This species was described by H_eer frown the Atane beds of
Greenland, and a large number of somewhat variable and fragmentary specimens were figured. Professor Newberry records
specimens from the Raritan formation, without giving any specigc
localities. Those figured show leaves which are relatively wider
than the usua! leaves o£ this species, but these are comparable
with some of the Greenland material, as, for example, Heer's
pl. 2o, fig. 5 and pl. 28, fig. t_. E_irely typical leaves occur
in. the top layers of the Raritan at the H_Ron Pits.
Subsequent to its description by Professor Heer this species
was recorded from _a very large number of Cretaceous plant beds,
so that its present range, both geographical and geological, is
rather e:,:tensive. A number of these records are not entirely
above question, and this appears to be especially true of the forms
from the Ceuomanian of Bohemia, which Velenovsky so identifies.
It is evidently a rare plant in the Raritan, but becomes abundant in the immediately succeeding floras, being common in that
of the Dakota Group and in the Magothy formation at a number
of localities in New Jersey and Maryland.
It is a common form
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Occu.rrence.--Hylton
Pits, Milltown,
Collectio_s.--N.
Y. Botanical Garden.
Genus LAUROPHYLLUM

Goeppert.

(Tertih,rfl. Java, _854,p- 45.)
LAUROPHYLLUM

NERVILLOSU_

Hollick.

Lauro]_hylh*.m _wrviilosu_¢, Hollick, Man. U. S. Geol. Surv.,
5o:82, pl. 27, f. 6, 7, I9O7.
Berry, Bull. Torrey Club, vol. 36:255,
19o 9.

vat.

Proteoides

daphnoge_wides
,t-_ollick, Ann N. Y. Acad. Sci., vol.
II:42o,
pL d6, f. I, 3, 1898.
17escr@lion._Leaves
of comparatively
large size, oblong lan. ceolate in outline, about I5 cm. in length by about e.6 cm. ia
greatest breadth, w l)ich is about midway betweert the apex and
base.
Apex acuminate.
Base pointed, narrowly
cuneate.
Midrib stout.
Secondaries
thin, close, parallel, branching
from, the
midrib at angles not exceeding aiid usually somewhat
less than
45 _, ascending, nearly straight or som,ewhat flexuons, connected
by transverse
nervilles, branching and inosculating
near the margin where they merge in the tertiary venation.
This
species was described
originally
from
the terminal
moraine at Tottemrilte,
Staten Island, and undoubtedly
represents
transported
Raritan
materials.
Three specimens
ir_ the Milltown
collection,
and the writer
has

are contained
also collected

it from somewhat
higher horizons south of New Jersey.
It is
somewhat
like La_rophylh_
la_weolati_,_
Newberry,
but has a
markedly
different venation and a less lanceolate
outline,
tt is
also quite' close to Laurophylh_l_
elegans Hollick, which is, however, a more slender lanceolate
leaf, with narrowly
produced
apex and base and a somewhat
and rr,_re curved camptodrome
Occu,rre_ve.--Milltown.
Collectfons.--U,
S, National

coarser venation,
secondaries.
Museum.
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LAU_OPH_L_U_ E_CA_S HolHck.

Lau,rophylh_m degans ttollick, Mon. U. S. Geol, Surv., vol. 50:
8I, pl..27, f. 1-5, I9o 7.
Berry, Bull. Torrey Club, vol. 36: 255, I9o 9.
La_rus plu.tonia t-lolliek, Trans. N. Y. Aead. Sei., rot. I I : 99,
P[. 3, [. 3, 4, 1892; Ibid., vol. 12: 236, pl. 6, [. I, 1893.
Proteoides dapI_nogenoides I-Iolliek, Ann, N. Y. Aead. Sei., vol.
II :4_o, pl. 36, f..2, 1898.
Description.--Leaves
elongate-taneeolate
in outline, somewhat flexuous, about 12 ctu. to 13 era. in length, by at_ut 2 em.
in greatest width, which is about midway between the apex and
the base. From this point narrowing, gradually d{stad into
an antennuated, acuminate, usually ct_rved tip and basalty into
a tong, narrowly cuneate base. Midrib stout, stouter than in
Lau,rophyllun_ nerviIlos_r_ Hollick.
Secondaries
mm_erous,
usually less close and somewhat coarser than in the latter species ;
they branch from the midrib at an acute angle below', which
becomes more open above the base of the leaf..They
are usually
more curved than in L. n_erviIloxwrraand more distinctly camptodrome. Tertiaries, transverse throughout
These leaves were recorded ori_nally by Hollick as Laimts
ph_tonict, Heer, and" are later compared by the former author
with Laud'us ang_t,_ta.Heer, which latter species they resemble
more than they do the former.
In outline they are not unlike
Le_,rophyllu_ qn_gustifoliu.m, Newb., from Woodbridge, N. J.,
but differ decidedly in venation.
'Phey are also similar, but
quite Nstinct from Laurophyllur_ _eruillosum,, F_ol_ick, and
Lau,rophytlum reticulatu,m_ Lesq,, of the Dakota Group.
The specimens outside of those recorded in the present contribution from New Jersey and those which are as yet unl_ublished from the region south of New Jersey, are from transi_rted materials associated with the temlitmt moraine, from
which numerous specimens have been c_llected.
Those from
Totteuville, Staten Island, are undoubtedly of Raritatz age, while
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those from Glen Cove may have been originally from the Magothy formation, although they are probably Raritan,
Occurrence.--South
Amboy.
Col&ctions.--U.
S. NationM Museum.

LAUROPtlYLLU_f

LANCEOLATU_[

Newb,

Lauro_hylhv_t_ lauceolat_tt_ Nmvb., FI. Amboy Clays, 87, pl. z7,
f. f, _z, I896.
'2)escriptio_&.--Leaves
broadly
lanceolate
in outline
and
eoriaceous in texture.
Nine cm..to 15 cm. in length, by t.8 cm,
to 3 cm. in width, the minimum rather than the maximum being
the usual dimensions.
Apex more extendcgt than the base,
obtusely pointed. Base cuneate, acute. Midrib stout, as is the
short petiole• Secondaries fine, usually obsolete, I2 to 15 pairs,
snbequat, alternate, brmtehing from the midrib at an angle of
about 45 ° and curving upward, cam_Xodrolne.
Leaf surface
noticeably smooth.
This species, _,vhieh came originally from the Woodbridge
locality, where it is eormnon, is equally common at Milltown.
It appears to be confined to the New Jersey Raritan, and suggests somewhat the leaves w0aich have been referred to Laurus
ph_tonia. Heer, from which it may be distinguished in the absence
of venation by its texture.
Occurrence.
_Voodbridge, Milltown.
Collections.---N. Y. Botanical Garden.

LAUUOeUYLLUU
aXC,:S_FOL_e_
Ne_b.
Laurophyglu;n* angusti[olium Newb., F1. Amboy Clays, 86, pL
zN f- 2o, H, I896.
Berry, Bull N. Y. Bot. 'Garden1, vol. 3:80, pL 47, f. z, 5,
8; pL 49, f. _-5, I9o3; Bull. Torrey CIub, vol. 33 :I78,
*906.
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Description.--Leaves
elongate-lanceMate, very symmetrical in
outline, Io c_'n.,to i 5 can. in length by i. 5 em, to 2 cm. in width,
widest above the middle, tapering with almost straight sides to
the elongate-acute base. Apex narrowed, subacute. Petiole short
and stout. Midrib also stout. Seco,ndaries fine, often obsolete,
I2 to *5 pairs, branching from the rn,idrib at an angle of about
45 _ and curving upward, ¢amptodrome.
Texture snbcoriaeeous.
This species which was described from the Woodbridge locality,
where it is common, has also been found in the overlying
Mag-othy formation in both New Jersey and Maryland.
In the
absence of complete and well-marked specimens it is often difficult
to differentiate it from_ contemporaneous species of other genera
with similar lanceolate leaves.
Occurrence.--\Voodbridge.
Collections.--N.
Y. Botanical Garden.

LAUROPHYLLUM

Laurophyllum

M_NUS

N_wb,

minus Newb., F1. Amboy Clays, 86, pl. Id, f. 7_),

i896.
Descrlption,--Le_ves
elongate-laneeolate, 8. 5 era. to 13 cm. irt
length by- L6 cm. to 2, 3 cm. in width, with an obtuse sutfimit and
a cuneate or somewhat obtuse base, occasionally deenrrent.
Substance very thick and eoriaceous,
Petiole and midrib very
stout, the former longer than in most species referred to this
genus. Secondaries invariably obsolete.
This is the least well-defined species of Lau;rophyllum in the
Raritan formation and may represent leag variations of sorae of
the other species. It also suggests the leaves which Heer describes from Greenland a_ _fyrica longa.
It was said to be "no_ uncommon" by"Prof. Newberry, althongh
he failed to enumerate any specific localities,. Later collections
from South Amboy contain severM specimens.
Occu.rrence.--South Amboy.
Coglections.--:'N. Y. Botanical Garden.
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Blume,

NEWBEIIRY1 Berry.
XVI,

Fig.

3-

Cinnamom_tn_ .iutermedium Newb., F1. Amboy Clays, 89, pt. 29,
f, ¢-8,' _o, I896 (non Ettingshausen).
Smith, Geol. Coastal Plain in Ala., 348, I894 (nomcn
nudum).
Berry, Ann. Rept. State Geol. (N. J.) for I9O 5 : I39, pl, zo,
f. 2-6, t9o6; Bull. Torrey Club, vol. 33: I79, P[. 7, f.
3, 4, I9°6.
Hollick, U. S. Geol. Surv. Mon. 5o: 74, pl. 29, f. 7; pI. '30,
f. z, _, _go7Cinnamommn sezau(nense Wat., Hollick, Bull, Torrey Club, vol,
21 : 53, pt. i8o, /. 5, 7, I894; Ann. Rept N. Y. State
Mus., 55th: A 50 (19Ol) I9O3.
Description.--Leaves
ovate-lanceolate in outline, 7 cm. to i2
cm. in length by 2.3 cm. to 4 cm. in width.
Apex usually
obtusely pointed, sometimes acute. Below narrowed to an acute
base. Petiole stout. Venation stout. Primaries 3, the laterals
divergi_._g at an acute angle usually some distance above the
base and traversing at least m_re than half the distance to the
tip. Secondaries in the upper half of the leaf, 3 or 4 pairs,
alternate, camptodronm.
The laterals give off numerous camptodrome branches on the outside.
'I_his species is quite common in the Raritan formation at
nearly all of the fossiliferous localities and it also has a consideraNe outside range extending eastward on Long Island and
southward in Delaware, Maryland and Alabama.
A very similar leaf which is widely distributed
in the Cenomanian of
Bohemia is identified by Velenovsky 1 as .dralia da.ph_ophylht_z.
Cinnamon_um Heeri was reported from the Raritan at South
Amboy by Professor Lesquereux in the t878 clay report, but it
seems probable that thls determination was based on specimens
_ Velenovsk_;

FI. B6hm.

Kreidef,

_:3o,

pI, 7, f. 5-8, Io;
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of Cimmmsmum Ne_oberry_ since the former species has never
been encountered, in Raritan deposits either during the progress
of Professor Newberry's or the writer's investigations.
This
species is present, however, in the succeeding Magothy formation. It is a broader leaf with a more rounded base and more
prominent primaries.
The two species are closely allied, but
seem to be abundamly distinct.
The well knon, n name for the present species proposed by
Professor Newberry was already in use for a different fossil
species described some years earlier by Baron Ettingshausen,
hence it becomes necessary to rename the New Jersey species,
and the foregoing name is suggested in honor of Professor
Newberry.
Occurrence.--Sayreville,
Woodbrldge, South Amboy, Hylton
Pits.
Collections.--U.
g. National
Museum, N. Y. Botanical
Garden.
Family MENI SPERMACE.)F_.
denus

MENISPERMITE_

Le_quereux.

(Cret. FI., I874, p. 94.)
_t_NISP_R_IITES

BOREALI8

Plate XVIII,

Heer.

Fig. 4.

Menisperm,ites boreolis Heer, FI. Foss, Arct., vol. 6, ab. z: 91,
pl. 39, f-2, t882.
Newb., F1. Amboy Clays, 84, pl. 5o, _. I-6, 1896.
Deseription._"M.
foliis magnis, ovato-ellipticis,
integerrimis, quinque-nerviisY
Heer, I882.
'Dhe type of this species is a single large fragment of an
unsymmetrical leaf froul the Atane beds of Greenland.
Professor Newberry's material from New Jersey is more abundant,
but not complete enough for a proper diagnosis.
It may be
described as follows: Leaves markedly unsymmetrical, ovateelliptical in outline, about to era. to 15 cm. in length by 6 cm. to
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8 cm. in greatest breadth, which is toward the base. Apex
obtusely pointed, seldom preserved.
Base varying fl-om cuneate
to truncate or somewhat eordate.
Venation palmate,.principal
veins said by Heer to be five iu hum,her, although only a midrib
and two laterals on one side are shown in his fi_tre. The Raritau
leaves usually have four veins, two laterals on the convex side and
one on the straight side; they diverge from the base and are not
so stout as the midrib. Margins entire. Venation camptodrome,
more or less obsolete.
This species is somewhat suggestive of Menispermites obtusilobs Lesq. of the Dakota Group, with which Professor Heer
compared it. The latter is, however, a much more symmetrical
leaf, larger in size, with undulate margins and a tendency toward
a trilobate form,. The fact that the laterals in the New Jersey
material are camptodrome might prevent its inclusion in this
genus were it not for the fact that the author of the genus also
included cr*mptodrome forms in it, as, for example, Menispermites grandis Lesq., Menisper_rdtes ova¢is Lesq., and Meni_perm#es cyclophyllu.m Lesq.
Occurrence--Woodbridge.
Collections.--N.
Y. Botanical Garden.
M_NISP_?R_::'r_:sWAImlANUS Holllck.
Plate XVIII,

Fig. 3,

Menispern¢ites Wardlanus Hollick, in Newb., FI. Amboy Clays,
85, pl. 2p, f. 9, II, I896.
Description.--Leaves
ovate in outline, unsymmetrical, with an
acute apex and a euneate base, 8 cm, to 9 era. in length by"about
4 cm. in greatest breadth, which is about midway between the
base and the apex.
Margin entire.
Midrib mediumly stout,
curved nearer the shortest margin.
Two lateral primaries
diverge at an acute angle from its base and a fourth veiu of lesser
calibre diverges at the same point and approximately parallels the
more convex of the two margins. Tertiary venation obsolete.
These leaves were refd'red to Menispermites by their describer
because of their unsyn_netrical outline in accordance with Prof.
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Newberry's views, although many students will be disposed to
question this relationship.
The exact locality from which they
were .collected was not recorded, and no additional specimens
have been discovered, in subsequent collections, so that our knowledge of the species must remain incomplete, especially as the available material is imperfect.
Occurrence.--:Loeality unknown.
CoIlections.--N.
Y. Botanical Garden.

Order ROSAL£5.
Family
Genus
(Foss.

Fr.

LEGUMINOS2E.

LEGUMINOSITES
& Seeds

l_ondon

LEGUMINO_ITES

Bowerbank.
Clay,

I84o, p. I24.)

CORONILLOIDESHeer.

Lef, uminosites coronilloides Heer, F1, Foss. Arct., vol. 3, ab.
2 : 119, pl. 34, f. s4, _874.
Lesq., F1. Dakota Group, I49, pL z3, f, ¢o, I892.
Newb., FL Amboy Cla)s, 97, pL 42, f. 48, t896.
Hollick, U. S. Geol. Surv. M_n. 5o: 86, pl. 32, /. _d, r 7,
I9o7.
Legumiuosites frig_dus Hollick, Trans. N. Y. Acad. Sci., voh
_2 : 34, pl. 2, f. IA _892.
Coh_.tea coronilloidee Heer, FI. Foss. Arct, voL 6, ab. 2 : ioo,
1882.
Descript_on.--"L.
foliolis parvulis, ovalibus, breviter petiolatis,
nervis secundariis distantibus, curvatis, subtilissimus."
Hear,
I874.
Leaflets small, oval in outline, unsy_r_netrieal, 1.5 cm. to 2,8
cm. in length by 8. 5 ram, to i2 ram. in breadth, entire, short
• petioled. Midrib stout. Secondaries thin, remote, 3 to 5 pairs,
alternate, camptodrome, often obsolete.
Leguminous leaflets from a number of widely removed localities have been referred to this species, and while all of these are
very similar in general characters, tbeir positive identity )armor
be a_rmed with auy great confidence. Described originally from
NEW JERSEY GEOLOGICAL SURVEY

i54

THE

RARITAN

FLORA.

the Atane beds, they have been detected by Lesquereux in the
Dakota Group, by Newberry in the Raritan, by Hollick at
Marthas Vineyard and Staten Island and by the writer from
Maryland.
They are very similar to ocher species of Leguminosites, as, for example, Leg,minositos _rigid_" Heer 1 described
from the Patoot beds.
Prof. Heer in his last report (loc. eft) refers this form to the
genus Coh_lea, but it does not seem wise to follow him in this
reference with no more evidence tlTmnis available. Prof. Newberry unfortunately neglected to record the exact locality for the
Raritan material and no additional specimens have been obtained.
Occ,_rrence.--Locality unknown,
Collections.--N. Y. Botanical Garden.

LEGUMIIgOSITES ATANENSIS

Heer.

Legu,ni_o.fites ata.nensis Heer, FI. Foss. Arct., vol. 3, ab. 2:119,
pl. 34, [. 6, I874.
Newb., F1. Amboy Clays, 97, pl. 42, [. 4o, 1896.
Deseription.--"L.
foliotis firmis, obtongis,
crassinerviis."
i-leer, 1874.
Leaflets, elliptical in outline, 3 cm. to 4 cm. in length, by I. 5
c_n. to 1,9 cm. in breadth. Margins entire. Apex evenly rounded.
Base cuneate.
Petiole present, 3 to 5 ram. in length, stout,
Midrib stout. Secondaries, 6 or 7 pairs, subopposite, branching
at angles varying from 50° to _6o°, camptodrome.
This well-marked leaflet, if it is a leaflet, was described from
the Atane beds of Greenland, by ProL ?deer, and is represented
in the Raritan by a single complete specimen, which is somewhat
smaller than the type, but otherwise identical with it, except that
the secondaries are straighter and do not clearly show camptodrome characters.
There is some resemblance to Myrsine
obtongata. Hollick, from the same beds, Prof. Newberry failed
_ Heer,

F1. Foss.

Arct.,

7:44,

pl. 55, f. 21, 22;

pL 65, f. 13, 1883.
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to indicate any specific locality and no. additional
since been obtained in the New Jersey area.
Occurm_we.--Locality
lmknown.
Collections.--N.
Y. Botanical Garden.

L_C_.XlI_,'OS_T_S o_P_aLo_iomEs

specimens have

Lesq.

Leguminoxites omphalobioides Lesq., F1. Dakota Group,
pl. 3g, f. 4, I892.
Newb., F1. Amboy Clays, 97, pl. 42, r. 39, _896.

I49,

_Descriptiom--Leaflets,
elliptical in outline, 3.2 era. to 4 cm.
in length, by L5 cm. to 1.7 era. in greatest breadth, which is
abo_t half way between the apex and the base. Texture sub_
eoriaceous.
Apex rather broadly rounded.
Base slightly narrowed and decurrent to the point o'{ attachment.
Lesquereux
•speaks of a short petiole, but this is lackitag in his type figm-e
and in all the specimens examined by the writer.
The midrib
is not especially wide, but is quite prominent.
The secondaries
are thin and alternate; they l_umber about six pairs, and branch
fron_ the midrib at angles of 50° or somewhat less, curving up,yard close to the nmrgins, camptodrome.
This species was described originally from the Dakota Group
of Kansas. The Raritan leaf is very close to the type, differing
merely in that the outline is more nearly elliptical than it is in
"the western form. Pro{. Newberry failed to reec_rd the locality
from. which his specimens were obtained and no subsequent material has come to light from the New Jersey clays.
Occurrence.--Locatlty
unknown.
ColIec_ions.--N. Y. Botanical Garden.

LEGUMINOSITES RARI'rANBNSlS Berry.
Plate

XX,

Fig,

5.

Legu_rdnosites ra.ritcmensis Berry, Bull: Torrey
257, pl. Ig, rig. 4, I9°9.

Club, vol. 36:
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Description.--Leaflets
large, 7-5 era. by 5.I cm,, almost a perfect ellipse in outline, slightly emarginate at the apex; midrib
thin and straight ; secondaries numerous, nearly straight, ascending at an angle of about 45 °, camptodrome, of delicate calibre
and scarcely discernable.
This species is based upon a si@e individual and seems
properly referable to this genus. In outline it suggests some of
the forms which have been referred to Fopu.lus, but its venation
is quite different.
It also resembles some of the specimens referred to _iriode_*d_'opsiG which *is simply another way of
emphasizing the fact that it is a legmninous leaflet of unknown
generic affinities.
Occ_rrc_ice.--South Amboy.
CoIIec_ions.--U. S- National Museum.

Genus COLUTEA

Linn6.

(Sp. PI., _753, P. 7e3.)
COLUTI_A

PRI3iOIIDIALIS

Heer,

Plate XX, Fig. 4.

Col_tea primordialis Heer, FI. Foss. Arct., vol. 6, ab. 2 : 99, pl. 27,
f. 7-zI; pl. 43, [. 7g, I882.
Lesq., Ft. Dakota Group, I48, pL _3, f. 8, 9, I892.
Holtick, Bull. Torrey CIub, voI. 2I : 56, pL _r74, f. 2, I894;
U. S. Geol. Surv., Mon. 5o:84, pl. 3_, f. I4, I5, 19o7Newb., F1. Amboy Clays, 97, pL Ip, _. 4, 5, I896.
Description.--"C.
foliolis membranaeeis, breviter petiotatis,
pollicaribus, ovalibus, integerrimis, basi attenuatis, apiee profunde
emarginatis;
nervis seeundariis subtilissimis, camptodromis."
Heer I882.
Newberry's specimens from Woodbrldge, if they are referable
to this spedes at all, are abnormal or possibly incomplete since the
base is much unlike the usual leaves of this species. A typical
specimen, however, has been found at South Nmboy (Allen pit).
Occurrence.--Woodbridge,
South 2mlhoy.
Collec_ions.--N. Y. Botanical Garden.
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Newberry.

Clays, 1896, p. 82.)
R_USA (Heer)

Hollick.

XIX, _Fig. I,

Sapotacites retusa Heel FI. Foss. Arct,, vol. 7 : 3a, pL 6L f. _o,
*883,
Newb., FI. Amboy Clays, _23, pL 53, f. 5, 6, _896,
Liriodendro*_ simplex Hotlick, Trans. N. Y. Aead. Sci., vol.
I2 : 235, pL 5, f. 5, 1893.
Liriodendropsis retusa Hollick, U, S. Geol. Surv. Mon. 50:72,
pL 25, f. 8, 9, 19o7.
Deseription.--"S.
foliis oblongo-ovatis, basi attenuatis, apice
leviter emarginatis, integerrimis, nervo medio debili, seeundariis
subtilissimis."
Heer I883,
These leaves are oblong-ovate in outline, with a decidedly
emarginate rather than a retuse apex. They are 6 cml to 8,2 cm.
in length by 2,8 cm. to 3-3 cm. in greatest breadth, which is
toward the full, cuneate base. Petiole short and reasonably
stout•
Secondaries
mostly obsolete, apparently
numerous,
slightly curved, parallel.
ProL Newberry was quite positive that these leaves were different from those which he referred to iirodendropsis,
although
he compared them to ilriodendropsis
simplex as well as to
Liriodendron _(eekii Heer and various forms of Leguminosites
He thought that the angular apical points served to distinguish
Liriodendropsis sim_Iex_ but this character is far from constant
in the abundant Long Island material.
The type material, came from the Patoot beds of Greenland,
and this species is also recorded from Glen Cove, Long Island, as
well as Woodbridge, N. J.
Oceurrence.--Woodbridge.
Colleetion&--N. Y. Botanical Garden.
I I PAL
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LIRIOD_ND_0PSIS SIMPLEX
Plate

X1X,

(Newh.)

Fig.

Newb.

2.

Liriodendron simplex Newb., Bull. Torrey Club, vol. 14:6, pL
'62, f. z, 3, t887 (pars).
White, Am. Jour. Sci., vol. 39: 98, pL 2, f. d, 7, I89O.
Uhler, Trans. Md. Acad. Sci., vol. i:2o 7 (I892)
19OI.
Hollick, Traffs. N. Y. Acad. Sci., vol. I I : 99, pL G f, 2, 4,
5, 7, 9, I892 ; Ibid., vol. I2 : 235, pl. 5, f. or,2, 4; pl. 7,
f. 2, 1893 ; 55th Ann. Rept. N, Y. State Mus. rso,
19o3.
Pollard, Trans. N. Y. Acad. Sci., vol. 13: i8o, 1894.
Liriodendropsis simplex Newb., F1. Amboy Clays, 83, pL I9, f. 2,
3; pL 53, f. 1-4, 7, 1896Smith, Geol. Coastal Plain in Aim, 348, 1894. (nomen nudum.)
Hollick, 15_. S. Geol. Surv. Mon. 50:72, pl..23, f. I-7; pL
24, [. I-9; pl. 25; [. I, 4, 5, 7, lO--I2; pl. z6, f. zb,
c, d, 19o7.
Descriptlon_.--Leaves or leaflets ovate to ovate-tanceolate in
outline, with entire margins, emarginate apex and cuneate base,
varying from, 5 cm. to IO cm. in length, and from 3 cm. to 5 em
in breadth.
Midrib, stout. Secondaries stout, numerous, camptodrome; their intervals filled by more or tess parallel, reticulatin_ fine tel_tlaries. The angles of divergence are variable even in
the same leaf, m_d the exigencies of preservation obscure the
finer venation in some specimens, which give them a strikingly
different appearance from others in which the preservation is
more complete.
These leaves are very variable in size and outline. The apex
is often angular at the corners of the leaf-Made and at the sinus,
at other times it is rounded.
The sinus may be shallow or
moderately deep. The leaflets are m_ch wider than in the
foUowing species, and the width is usually greatest in the upper
part, although this feature is far from constant.
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This species is very commorL at-a number of localities in the
New Jersey Raritan and also on Marthas Vineyard, Long island
and Staten Island.
It is equally common in the Tusc_aloosa
formation of Alabama. None of the Ameriea_ specimens, abundant as they are, shows definitely its trifoliate nature, but this is
indicated by the relative positio,n of the leaflets in some of the
specimens figured by HollJck (10_:.cit).
These leaves were segregated from Liriodendro_ by Newberry, on the basis of their simple nature, emarginate apex,
crowded and fine venatiott and relatively small size, although
their describer says that they are evidently related to Liriodendron.
Since i896, much new material has bee1{ collected, especially from Long Island. Holm, 1 as long ago as 189o, suggested that these leaves were not related to Liriodendro.n_, but
were comparable to those of a number of leg'mninous genera.
Somewhat similar leaves were described from Bohemia as
MyrsinophylIum vadans, by Velenovsky, 2 and more closely allied
forms as J3ignonia pulcherfima, by Bayer, _ the latter sufficiently
well preserved to show their trifoliate nature.
Ward 4 refers a species described by Sap<_rta as a Chmufra_
p1_yton, from the Cenomanian of Portugal to Liriodendropsis,
to which it is obviously not related, as the writer poitlted out
some years ago. _ Recently, Hotlick s has given a resum6 ef the
genus, together with descriptions of new species and a large
number c_f illustrations.
The probabilities are all in favc¢ of
their reference to the Leguminosae, to which family they are
referred in the present contribution.
Occ_rrence.--Woodbridge,
Milltown, Hylton Pits.
Collectlon.c.--N. Y. Botanical Garden.
_ ttolm, Proc. U. S.Nat. Mus., I3: I5-3S, 189o; Bet. Gaz. 2o:3,2-3t6 , _89S.
'Velen., Kvetena ceskdho fenomanu, 25, pl. 4, f. 8, 9; pl. 5, f. I2; pl, 6, f.
m, _, _889.
Studien Gebiete Bghrn. Kreidef. (Perucer Schichten) I9oo (I9ot), p. z56,
f. _Sa, b.
'Ward,
16th-Ann.
U. vol.
S. Geol.
Berry, Bull
TorreyRept.
Club,
3t : 77,Survey,
r9o4. pt. I : S4O, pl. IO7, f. 6_,
Hollick, Man. U. S. GeoL Survey, vol. L:69-73, 19o7.
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Newb.

Liriodendren simptex Newb., Bull. Torrey Club, vol. 14:6, pl.
62, f. 4, 1887, (pars).
Lirlodendropsis angusti[olla. Newb., FI. Amboy Clays, 84, pl. M,
f. 8, 1896.
Smith, Geol. Coastal Plain in Ala., 348, 1894 @omen
nudum).
Hollick,
U. S.Geol.Survey,Mon. 5o:71,pl.26,f._a,2-5,
19o7.
Description.--Leaves
or leaflets lanceolate to linear-lanceolate
in outline, relatively long and narrow, with an emarginate, usually
angular apex and a cuneate base, Size variable, froa_ ,6 cm, to
9 errr in length by 1.9 era,. to 3 era. in greatest breadth, which is
never in the upper part of the leaf, the margins usually being
straiglit and almost parallel from the angular apical comers,
bowing outward slightly in the lower half of the leaf and curving downward to the rather long petiole. Midrib stout. Secondaries numerous, eamptodrome.
Tertiaries as in the preceding
species.
It may be doubted if this is anything more than a variant of
the preceding, but as the remains are so abundant it may represent a closely allied, although specifically distinct type. Honiek
has described two additional species in the abundant material
of this type contained in the insular Cretaceous flora, i. e.,
Liriodendropsis constrlcta and L. spectabilis, making the latter
one extreme of a series of which L, ang_,st{folia Newb. is the
other. The relations are obviously as pointed out, but it seems
questionable, in view of the individual variation even of these
segregates, whether it would not have been better to have considered all of these forms as variations of a single species.
The present species is abundant in the Raritan. at Woodbridge,
and also on Marthas Vineyard and at Glen Cove, Long Island.
It is recorded on the identification of Prof. Ward from the
Tuscaloosa formation of Alabama, but the writer
verify the latter record.
Occurrence.--Woodbridge,
Florida Grove.
Collectio_zs.--N. Y. Botanical Garden.
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ROE, ALES,
Genus

_St

CAESALPINIA

LiuuS.

(Sp. P_.,_753,_. sso.)
CA_,saLr, I:qia

C_e, KX2x_A Hollick.

Ccesa]phga Cookiana. Holtick in Newb., FL Amboy Clays, 94,
pl. 42, f. 49, 5o, I896.
Description._Leaflets
of small size, elliptical in outline, entire,
r cnl. to. I. 4 can. in leng'th by 8 ram. or 9 torch,in breadth across
the middle. Apex and base about equally rounded.
Texture
delicate. Midrib slender.
Secondaries fe,a5 distant, about 3
subopposite pairs; they branch from the midrib at a wide angle,
about 8o °, and are, with the exception of the lower pair, straight
two-thirds of the distance to the margin, where they turn upward
in broadly rour_ded arches parallel with the margin to join the
secondaries next above.
The generic affinity of these fossils is doubtful. They almost
certainly represent the leaflets of some compound Iegmr_inous
leaf, and as nothing is to be gained by an attempt to redefine
their generic relations, they are left where they were placed by
their describer. The exact locality in the Raritan from which
they were collected remains unknown.
Occurrence.--Locality
unM_own.
Collections.--N.
Y. Botanical Garden..
CAESALPINIA ]IAIIITANENSIS Berry.
Plate

Caesalpinia rarilanensis
9o9 •

XX,

Fig.

3.

Berry, Bull. Tor.rey Club, vol. 36: 25I,

Description.--Elliptieal
leaflets about 3 em.
broad, with markedly emarginate apex; midrib
aries branching at a wide angle, almost 9°°
curved, anastomosing by broad, evenly rounded
thirds of the distance to the margin.

long and 2.,o era.
nfissing; secondand but .slightly
loops, about two-
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This is possibly only an, extraordinary
large leaflet of CaesaL
pini_ Cookiana Hollick, somewhat more elongated in outline and
strictly congeneric with that species.
It is, u*}fortunately,
based
upon the single imperfect specimen figured.
Occurrence.--South
Amboy.
Collections.---U.
S. National
Museum.

Genus
(Sp.

BAUHINIA

PI., I753, p, 374-)

BAUHINIA
Plate

Bauhinia
_896;
1896.

cretacea

Newb.,

F1. Amboy

Linnf.

CRE:TACEANewb,
X1X,

Fig.

Bull. Torrey

Clays,

3-

Club, vol. i3:77,

9 t, pl. 43, f. z-4;

pl. 56,

pl. 44, f. I"-3,

Description.--This
handsome species is common at the Woodbridge horizon and is characterized
by Professor
Newberry
as
follows : "Leaves large, from IO cm. to I8 cm. in diameter, general outline circular, deeply two-lobed,
middle, margin
entire, base rounded,
spatulate;

nervation

strong,

radiate

sinus reaching below the
lobes oblong or broadly

or bilateral,

midrib

slender,

from I em. to 4 cm. in length, running
to bottom of medial
sinus, there forking equally, each slender branch running parallel
with the margin of the sinus; lateral nerves strong, usually two,
rarely one on each side, springing
from a common base, the
interior lateral nerve strongest, forking several times and giving
off fine branches,
which inosculate
to form a graceful
festoon
near the upper margin;
the exterior lateral ner_'es throwing
off
numerous
branches which anastomose
in loops near the margin,
producing
a camptodrome
nervation.
In those which have but
a single lateral nerve the lobes are narrower,
and each is covered
with the ramifications
of the branches, which
the outer side of the single main nerve."

spring

chiefly

from

"The form and nervation
of these leaves are so precisely those
of some of the Bauhinias
of the present flora that there can be
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no reasonable
marked
Hudsoa
associate

doubt

that

S.

we here have

16
the remains

of a well-

species 05 this genus, which grew near the mouth of the
river in the middle of the Cretaceous
age, and was the
of the magnolias,

tulip trees,

aralias,

etc., which

com-

posed the angiosperm
forest of eastern North America. ,][n size
some of these leaves exceed, those of any living Bauhinia,
and
the outline and nervation indicate that the genus was as perfectly
defined

and highly

specialized

in the Cretaceous

age as now."

"The living Bauhlnias
inhabit the tropical and subtropical
regions of the Old and New Worlds, India, Mauritius,
Surinam,
Cuba, Mexico, etc. The genus is closely related to Cercis, and
most of the species have a similar habit.
In a few the leaves
are orbicular
or slightly
emarginate,
but they are generally
bilobed, the sinus reaching the middle of the leaf, sometimes extending to the base, as is the case with the only species inhabiting
the United States, B. lunariodes Gray of 'I'exa_ and Mexico."
"In most of the East India species the nervation
is more
crowded than in the fossil leaves before us, each having three
and

sometimes'

four

lateral

nerves,

being quite the same.
In several
of the New World, the nervation
that of the fossil."

the medial

neri, e, however,

oriental species, and all those
is simpler and especially like

A fossil species of Bauhinia
from the To,rtonian deposits of
Oenlngen,
Baden, was described by I{eer as long ago as _g59:1
Soon afterward
Unger described two additional
species, 2 both
based on pods, from Croatia.
Five years later the same author
described another species from the Aquitanian
of Kumi, Greece. a
In I885 Velenovsk3r described
manian
of Bohemia*
without,

another species from
however,
recognizing

the Cenoits true

relationship.
The next year Professor
Newberry
described the
foregoing
species, and the following
species was added to the
Raritan
flora when his monograph
came out in 1896.
In 19o8
the writer described a small but striking new species _ from the
Heer.
'Unger,

FI. Tert.
Sylloge,

Helv., voi. 3: _o9, pl. I34, f. 21, 1859.
vol. 2:3 I, pL tI, f. 2,3,
i862.

' Unger, Foss, F1. v. Kumi, 6L pl. I5, f. 36, I867.
• Velenovsky,
FL B6hm. Kreidef.
Th. 4 : 12, pl. 6, f. 4, I88S.
Berry, Torreya,
vol. 8:218, f. 3, 19o8.
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Magothy formation of Maryland and a new and ornate species.
as yet undeseribed, has been collected from.the upper beds of the
Tuscaloosa formation in Alabama.
Occurrence.--Woodbridge.
Collections.-_N. Y. Botanical Garden.

BAU_IN:A ¢:GANT_ANewb.

Bauhinia

? gigantea Newb., F1. Amboy Clays, 93, pt. 2o, f. ¢,
I896.

Description.--Leaves
of immense size for this genus, apparently very similar to the preceding in general appearance, but
about 20 cm. in diameter,
Lobes deeply cleft, more so than in
Bauhfnia cretacea, and possibly reaching quite to the base. The
single nearly complete lobe collected is oblong,, unsymmetrical in
outline, 2o era. long by 7 era. to 8 era. in width, with an almost
straight inner margin. Apex obtuse. The venatiqn is stout, the
principal vein starting at the basal inner margin runs almost
straight to the apex, dividing" the lobe in the ratio of about i to
5, it gives off three camptodrome secondaries internally, the lowest
of which branches slightly below the middle of the lobe.
Externally there are six approxbnately equidistant and parallel
eamptodrome secondaries decreasing reg_ularly in size from the
base upward.
Only two specimens of this species have been discovered, the
more complete one being the single lobe which Prof. Newberry
figalred. However, there can be no question as to its generic relations. It is very similar to the preceding species, but may be
distinguished by its much larger size, more deeply cut lobes,
undulate outer margin and by the details of venation, one feature
of which is the marked nnsymmetrical position of the principal
vein.
Occurrenve.--Woodbridge.
Collections.--N.
Y. Botanical Garden.
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(Suppl.,

DALBERGIA

I65
Linn6

f.

I781, p. 52.)
APICULATA

Newb.

Da:Ibergia apiculata Newb., Fl., Amboy Clays, 9o, pl. 42, f. i7-I9,
1896.
Description.--Leaflets
obovate in otltline, unsymmetrical, 2
cm. to 5 cm. in length by about 1.5 era. to 2 cm. in greatest
breadth, xvhich is in the upper half of the lamina. Apex broadly
rounded, tipped with an apiculate point. Base narrowly elongated. Margin entire. Midrib thin, generally curved. Secondaries 6 o.r 7 pairs, slender, branching from the midrib at an angle
of about 45 ° or slightly more and curving upward, camptodrome.
Tbeseleaves
undoubtedly belong to some .leguminous plant
and are of the same general characters as the leaves usually referred to Dalbergia.
They are frequent at the Woodbridge
locality in the lower Raritan beds.
Occurrence. "vVoodbridge.
Collections,--N. Y. Botanical Garden.

Genus
(Sp.

t-IYMENAEA
PI.,

Linn6.

I753, p. II92.)

HYMENAEA DAKOTANA

Lesq.

Hymenaea dal_btana Lesq., FI. Dakota Group, 145, pl. 55, f. 2, 3;
pl. 36, f. _, 2; pl. 62, [. 2, 1892.
Hollick, Bull. Torrey Club, vol. 21:56, pl. s76, f. 4, 1894;
U. S. Geol. Surv., Mon. 5o: 83, pl. 32, [. 5-7, 19o7Newb., FI. Amb_y Clays, 9o, pl. 41, [. _4, 1896.
Berry, Ann. Rept. State Geol. (N. J.) for 19o5; 138, 139,
pl. ,22, f. I, 2_ 1906 ; Bull. Torrey Club, voI. 33: 176,
19o6,
Dalbergia Riuklana Hollick, Trans. N. Y. Acad. Sci., vol. 12:
236 , pl. 6, f. 3, 1893-
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Descriptio*_.--Leaves
compound, generally of 2, rarely 3,
elliptical or oblong-lanceolate, unsymmetricM, entire, petiolate
leaflets.
Leaflets variable in size and cutline, usually considerably.curved
and unsymmetrical, broadest on the outside,
ranging from, 3 cm. to 8 cm. in length and from 1.2 cm. to 3 cm.
in breadth. Apex obtusely pointed to acute, sometimes somewhat
recurved.
Base cuneate. Midrib narrow, curved. Secondaries
slender, often seen with difficulty, 6 to 8 pairs, oblique, parallel,
camptodrome, the lower long curved and approximately parallel
with the margins.
This species was described by Lesquereux from rather abundant remains preserved in the Dakota sandstones of Kansas, and
it has since been recorded from the Raritan or the Magothy formations of Marthas Vineyard, Long Island artd New Jersey.
The Raritan form is of the smaller, more obtuse type, but is
almost an exact counterpart of Lesquereux's pl. 4z, gg. z4. The
Magothy forms are also smaller than most of.the Dakota Group
forms.
Some of these latter are especially interesting in that
they show the entire leaves, which are of the following character :
The common petiole is stout for a distance of from 5 ram. to 15
man., where it forks into two stout branches IO mm. to 15 mm.
long, each subtended by a single leaflet. Occasionally there are
three leaflets instead of the normal two.
A species of Hymenaea was described by Saporta from the
Cenomanian of Bohemia I which shows considerable resemblance
to the American form,. Later collections described by Velenovsky 2 contain many leaves which he identifies with Soparta's
species, Hymenaea primigenia, which he finds is rarely entire
and usually with a crenate-dentate margin.
Hollick records 3
forms similar to the latter from the Marthas Vineyard Cretaceous, which is probably more recent than the New Jersey Raritan.
The fo,nns from the Atane beds of Greenland which Prof.
Heer described as Dalbergla Rinklana 4, are very similar to the
Le Monde des Plantes, p. 199, f. 2, 1879.
JFI. B/ihm. Kreidef. theil 3:9, pl. 5, f. 4; pl. 6, f. 1-4, I884.
Mon. U. S. GeM. Surv., vol. 50 : 84, pl. ,32, f. 8, 9, 19°7*FI. Foss, Arct., vol. VI, ab. 2: Io2, pl. 26, f. I-3, 1882.
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larger leaves of Hymenaea.
They are described as being" pinnate, but whether this elaaracter is based upon specimens seen or
merely upon the fact that the two figured specimens each show
two leaves similarly oriented, as if they had once formed part of
a pinnate leaf, cannot be determined.
Prof. Newber D" failed to record the exact locality for the
Raritan plant and it is not contained in any recent collections,
Occ*o'rence.--LocMity unknown.
Coltections,--N.
Y, Botanical Garden.

Genus PHASEOLITES
(Synop,
PHASEOLITES

Unger,

P1, Foss., I845, p. _44.)
MANItASSETTENSI_

Plate

XXII,

Hollick.

Fig, 2.

Phcreeo_ites _anhassettensis Hollick, Bull. N. Y. Botanical Garden, vol. 3 : 414, pL 78, f. z, 2, 19o4; U. S. Geol. Surv.,
29Ion. 5o:86, pt. 3_, f. z, 3, I9o7.
Berry, Bull. Torrey Club, voL 36: 256, pl. zS, f. 3, I9o9.
Descriptiom--Leaves
ovate-falcate in outline, markedly unsynmaetrieal, 6 cm. to Y'5 cm. in length by 2.4 cm,. to 2.8 cm in
greatest breadth, which is below the middle of the leaf. Margins
entire. Apex acute• Base etme_te. Petiole short and stotlt.
Midrib stout and curved.
Secondaries fine, about 9 pairs, often
obsolete, diverging from the midrib at an acute angle.
This species, was described from M!anhassett Neck, Long
Island, a locality which should probably be included within the
Raritan formation.
The species is scarcely distingalishable from
Phaseolites deganx described by the same author from Brooklyn, and both are very close to the Dakota Group Pl_useolftes
[ormus Lesq, in fact, it is scarcely conceivable that these extremely limited variations are not all of a single species. However, they. should be allowed to stand tmtil more abundant and
complete material is at hand for comparison.
Another comparison which is suggested is with ttymenaea, dakotana Lesq.
NEW JERSEY GEOLOGICAL SURVEY

168

THE. RARITAN

FLORA.

Ttm Milltown leaf, of which two specimens have been found,
is more suggestive of Phaseolites elcgans in general appearance
than it is of the species with which it is identified.
This is due
to its more slender apical portion.
On the other hand, it shows
the very full convex base on one side, mzd the more acutely
branching secondaries which are considered specific characters of
Phaseolites nmnhassettensis.
Occurrcnce.--Milltown.
Collectio_s.--U.
S. National Musemn.

Genus PRUNUS

Limt&

(Sp. PI., t753, P. 473,)
'If'RUN'US

? ACIJTIFOLIA

Plate XXIt,

Newb.

Fig. 1,

Prunus ? acutifolia Newb., FI. Amboy Clays, 9o, pl. I4, /. _,
1896.
Deacription.--Leaves
ovate in outline, about 4.5 cm. in length
by 2.5 cm. in breadth.
Apex acute. Base rounded or slightly
cuneate. Margins regularly and finely serrate except for a few
millimeters at the base. Secondaries indistinct, evidently numerous and parallel, branching from the nfidrib at an acute angle,
about 45 °.
This species was based upon a single imperfect specimen from
Woodbridge.
An additional specimen, lacking the tip, and two
other fragments were subsequently collected at South Amhoy.
N very similar leaf from Gay Head, Marthas Vineyard, is described by Holliek _ as an Amelanchier, and Lesquereux describes
leaves and fruit from the Dakota Group as a species of Prunus
of the Amygdalus section.
Occurrence.
Woodbridge, South Amboy.
Collections.-_U. S. National Museum, N. Y. Botanical Garden.
' Hollick, Mon. U. S. Geol. Surv,, voL L, 19o7, p. 83, pt. 32, f, I.
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GERANtALES.

Family RUTACEe]E.
Genus C1TROPHYLLUM
(Bull, Torrey

Berry.

Club, col. _6, I9o9 p, 258.)

Cr_RO_YLLU_ aLic-_e,a (Lesq.)

Berry.

Plate XXI, Figs. I_.

Ficu¢ aligera Lesq., FI. Dakota Group, 84, pl. zo, f. 3-6, r892.
Berry, Rept. State Geologist (N. 3".) for I9O5, I39: 19o6.
Bull, T'orrey. Club, col. 33 : 172, 19o6.
Citrophyll_m a_igera Berry, Bull. Torrey Club, col. 36 ',258, pl.
zSa,//gs, z-8, I9o 9.
Description,--Leaves,
small, elliptical to ovate or ovateqaneeolate in outline, coriaceons in texture, varying from 2.5 cm. to 6
era, in length by 1.8 era. to 3,2 cm. in breadth. Margins entire,
occasionally slightly undulate.
Apex rounded or obtusely
acuminate.
Base rounded, sub-truncate or ctmeate,
Petiole
stout, from .7 cm. to 2 cm. in ler_gth, conspicuously alate. The
petiolar wings may be oblong4auceolate in outline or obovate,
together they are from 2. 8 ram. to 5 ram. in width, averaging
about 3.5 mm. Midrib stout. Secondaries flue, more or less
obscured by the eoriaceous'leaf substance, about 9 alternate pairs,
branching from the midrib at angles of from 45° to 5o°, parallel,
camptodrome.
These curious leaves were described by LesqueretL_: from the
Dakota Group as a species of Ficus and compared with Fieus
bmnelloides Etting's,, and Ficus m_dgei Lesq., neither of which
has alate petioles, while the first has an emarginate apex, Subsequently the. same leaves were found in the Magothy formation
of New Jersey, and only recently a single small leaf was found
in the upper Raritan beds at South Am'boy. They exhibit considerable variability in outline, but all have exactly the same
aspect and conspicuous atate petiole. They appear to be related
to the leaves of the modern genus Cftrua. The latter have ex-
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aetly the same texture and venation, the same variability ill outline and marginal undulations, the same stout midrib and conspicuously alate petioles, In examining a suite of specimens of
the latter and comparing them with the fossils the conclusion
seems to be irresistible that they are related, and the writer has
consequently referred the fossils to a new genus which emphasizes this relationship to the modern genus. All of the fossil
specimens which are at all complete are figured on Plate xxi,
and two modern leaves are introduced for comparison.
Possible
arguments against the present view may he based on the theory
that the modern alate petioles are derived from ancestors with
compound leaves; in fact, some modern species still have trifoliate leaves, and if this were true of the fossils as well, it would
require considerable rapidity of evolution in this genus previous
to the mid-Cretaceous.
The nlodern leaves absciss from the top
of the petiole, and would be unlikely to occur as fossils with the
petiole attached, neither can any indication of such an abscission
line be made out in the fossils. This is the most difficult argument to combat. However, modern leaves are sometimes shed
in their entirety, and we are justified in predicating the occasional
fall of leaves before maturity when the abscission layer of cells
had not yet become weakened.
The agency might be violent
winds, the passage of large animals like some of the Cretaceous
dinosaurs, or weakened conditions due to insect or fungous dis4eases.

Occurrence.--South
Amboy.
Collections.--U. S. National Museum.
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Order

SAPINDALf-S.

Family

ILICACEeE.

Genus ILEX
:

I7_

Litre&

(gp. PI,, 1753, 9. x_5")
II_EX

? ELONGATA

Newb.

Ilex ? dongata Newb., F1. Amboy Clays, 98, pl. 18, f. z, 5, I896.
Descrlp_ion.--Leaves
o{ relative large size for this genus,
laneeolaite in outline, IO cm_.to 13 cm. in length, by 3 cm in
greatest breadth.
Apex and base acute. Margin with remote
spiny teeth. Midrib, stout. Secondaries thin, apparently craspedodrome, branching from the m_drib at an acute angle in the
middle of the leaf, bat at a much wider angle toward the apex.
This species is based upon the two incomplete specimens figured
by Prof, Newberry (Ioe. cit.), which are the only specimens that
have ever been collected. Consequelatly, the diagnosis is somewhat incomplete, the generic relationship is uncertain and the
reference to Ile_r can only be provisional.
Occurrence.--Sayreville.
Collectio_s.--N. Y. Botanical Garden.

ILEX A_gOYE_SIS ]3erry.

Ilex .govatc_ Newb., FI. Amboy Clays, 98, pI. Ig, ft. _, I896 (non
Cmepp. i852 ) .
llex amboyensix Berry, Bull. Torrey Club, vol. 36:259, 19o9.
Description.--Leaves
small, broadly lance,>late in outline,
about 4 era. in. length, by 2 era. in breadth. Apex obtuse. Base
narrowed and apparently acute. Margin beset with small and
large subaeute teeth. Midrib mediumly stout and curved. Only
a {eve secondaries are v!_ible, these branch from the midrib at
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angles of about 45 ° and with but slight curving run directly to
the marginal teeth.
This species was based on the single specimen figured by Prof.
Newberry (lot. eit.), and no additional specimens have come to
light. Although associated with the preceding', it is abundantly
distinct. Like the former, however, its botanical affinity is uncertain. Prof. Newberry's name was a preoccupied one and the
present name is: given in allusion to the general locality.
*Occurrence.--Sayreville.
CoIlectim_s.--N. _r. Botanical Garden.

Family CELASTRACETE..
Genus CELASTRUS

Linn6.

(Sp. PI., 1753, P. I96.)
C_:LaSl_RUSARCTICAHeer.
Plate XXV, Figs 1--5.

Celastrus ctrcl_'ceHeer, F1. Foss. Arct., vol. 7:4o, pL 6i, [. 5d, e,
I883.
Newb., F1. Amboy Clays, 98, pl. 1,7, f. 8-;8, I896.
Hollick, Ann, N. Y. Acad. Sci., vol, II : 60, pL 4, f. g, I898;
Bull. N. Y. Bet. Garden, vol. 3:408, pl. 7o, f. 72, z3,
i9o4; U. S. Geol. Surv, Mon., 50: 88, pl. 33, [. p-II,
19o7.
Description.--"C.
foliis parvulis,
lineari-lanceolatis,
apice
longe attennatis, basi angustatis, denticulatis, nervls secundariis
t.
.
,,
angulo acuto egredlennbus.
Heel I883.
Leaves elongated and narrow, linear-lanceolate in outline, with
an equally acuminate apex and base and a short, stout petiole,
ranging from 4 cm'. to I.3 cm,. in length, by frolr_ o. 5 cm. to I. 5
cm. in breadth.
Midrib stout. Secondaries numerous, parallel,
nearly straight, branching from the midrib at acute angles ranging from 12° to 37 °, inosculating near the margin, short branches
from, this marginal hem' entering the teeth. Margin regularly
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and som.ewhat remotely dentate, with shallow, ronnded sinuses
between the teeth, the cuneate base entire margined.
_This species, which is excessively abnndaut in the upper Raritan
beds at South Am_boy, but which has _.ot been found elsewhere in the Ne_ _Jersey Raritan, was described originally from
the l_atoot beds of Greenland, which are usually correlated with
the Senonian of Europe.
The Greenland material was limited
and the specimens were small in size compared with the usual
Raritan forms. There is no. question of their identity, however.
Professor Heer compared tltent with Celastrua Ettingsha.usen_, of
the European Tertiary., which resembles a number of modern
species oI Ce{astfa_s of the East Indian re, on. The present
fossils exhibit considerable resemblance to the leaflets of the
palmately compound Dewalqueas of the European Upper Crctaceous and Lower Eocene, but no evidence of a similar habit
is indicated among the large number of specimens collected from
South A'mboy.
This species is recorded by Hollick _rom, Block Island and
Long Island, and is also wesent in the Kreischerville beds of
Stateu Island.
Occurrence.--South
Amboy.
Collections.--U.
S. National Museum, N. Y. Botanical
Garden.
Genus CELASTROPHYLLUM
(Tertiarfl.

Goeppert.

InseI Java, z854, p. 5z.)

CELASTROPaYLLUM

Plate XXII,

MINUS

Hollick.

Fig. 3-

Cdastrophyllu_n _ninn_ Holliek in Newb., FI. Amboy Clays, io5,
pt. 42, f. 5z, 5e, I896.
Description.--Leaves
small, re ram. to _3 turn. in length by
about 8 ram. in greatest breadth, broadly spatulate in outline.
l',[argirt entire or somewhat irregularly and feebly crenate in the
upper half of the leaf. Apex .broadly rounded.
Base narrow,
t2

PAL
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cuneate, decurrent
solete.

on the relatively long petiole.

Venation

ob-

This small species was based on a limited amount of material
in Prof. Newberry's collection, wtfich lacked information as to
the exact locality. It has not since been collected and is to be regarded as obscure in its affinities, although it resembles the forms
which Newbeery called' Celastrophyl[u_ robustum and C. spat_latum, and may possibly represent small leaves of either o,f these
species.
Occurre_ce.--Milltown.
Collections.--N. Y. Botanical Garden.

CELASTI_OPII'x'LLIJM

NEWIIEIIRYANUIXi

Hollick.

Plate XXII, Figs. 5-7,
Cdastrophyllun_ Newberryan_,n Hollick in Newb., FI. Amboy
Clays, Ioi, pl. 49, f. _-27, t896; Trans. N. Y. Acad.
Sci., vol. 16: 133, pl. -r4, [. I, 1897.
Knowlton in White & Schuchert, Bull. Geol. Soc. Amer., vol.
9:353, 1898.
Berry, Bull. N. Y. Bo& Garden, vol. 3 : 85, 19o3 ; Bull. Torrey Club, vol. 31 : 78, 19o4.
Description,.--Leaves
of medium size, 2.5 cm. to 6 cm. in
length by" I cm. to 2. 5 era. in breadth, ranging in outline from
narrowly to broadly ovate or obovate. Apex somewhat ronnded,
although it may be acute or apiculate irL the narrower forms.
Base somewhat cuneate and slightly decurrent.
Margin entire
in the basal half or third of the leaf, sometimes so throughout,
elsewhere _x4th mostly small, closely set, appressed denticles.
Midrib mediumly stout. Secondaries 5 or 6 pairs, branching
from the midrib at angles of about 45 °, curved, eamptodrome.
In size, outline and venatiort this species, which is exceedingly
abundant, is very close to various modern members of the family
Celastraceae, and may be compared with ottr existing Celastrua
scadens Linnd, which it closely resem,bles.
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It is' probably present in the Atane beds of Greenland ir_some
of the leaves which Heer includes under his Celastrophylluen. crenc_tun_, and it has beer_ reported by Hollick from_ the Magothy
formatio*_ at Cliffwood bluff', where it is apparently rare. It
would seem as if such an abundant element in the late Raritan
would be present in allied floras to the southward, although as
yet its presence has not been detected.
A new species which
occurs in the _agothy formation at Grove P_int, Maryland, up.
proaches Celastrophylht_a Ne'wberryanu9_ and isprobably a direct
descendant from it.
Forms from the Bol_emian Cretaceous, which are practically
identical with the smaller and rn_re tx>inted leaves of this species,
are referred by Velenovsky _ to the genus Phfflyrea of the
Oleace:e and compared with the living Phillyrea lati_olia Linn_
of southern Europe.
Occ*_rrence.--Sayreville, South Amboy.
Collectlons.--U. S. National Museum, N. Y. Botanical Garden.

CELASr_OPa'ZI.I,UN IJNDU_.A_'t:_Newb.

Cela,rtrophyllu_ undulatum Newb., F1. Aimboy Clays, Io2, pL
38, f. z-_3, 1896.
Smith, Geol. Coastal Plain in Ala., 348, z894 (nomen
nudum).
Description.--Leaves
of large size, Io era. to t 5 cm. in'length
by 4 cm. to 8 cm. in breadth, ovate oblong or ovate in outline,
with a_ obtuse or bluntly pointed apex and somewhat narrowed
base. Margin strongly undulate or broadly and coarsely erenate,
somewhat variable in the character of its teeth, . Midrib stout.
Secondaries numerous, a dozen or more sub-opposite' pairs,
which branch from the midrib at a wide angle and fork near the
margins to form festoons which coincide approximately with the
marginal teeth.
_Phlllyrea Engleherdt_
pl. iv., tigs. 2--5.

"Velen., F1. BShm. Kreidef.,

Theil. IV., x885. p. 7,
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This very large species resembles the larger leaves which are
referred to Celastrophyllum crenatum Heer, but is much larger
and more elongate in outline. Its size has apparently rendered
perfect specimens rare and the recovered remains are usually
fragmentary.
Velenovsky hints at its identity with the leaves
named by him Myrica. Zenkerl from the Bohemian Cretaceous,
although this resemblance is obviously slight, the present species
re,ore nearly resembling the Bohemian leaves which this author
identifies as a species of Ternstroemia..
It has been reported from the Tuscaloosa formation of Alabama, and the writer has obtained material even larger than the
largest New Jersey specimens from the Bladen formation of
North Carolina.
Occurrence.--Sayreville,
Woodbrid_e.
Collections.--N. Y. Botanical Garden.

C_LAS_KOP_YLLUI%[

DI_CURRENS

Le_q.

Plate XXII, Fig. 8.
Cela,;trophyllum decurrens Lesq., FI. Dakota Group, 172, pl. 36,
[. z, I892.
Celastrophyllum angasti[ollum Newb., F1. Amboy Clays, Ioo, pl.

r4, f. 6'-x7, I896.
d?escription.--Leaves
of variable size, 5 era. to 15 era. in length
by i. 5 era. to 4 cm. in breadth, laneeolate, tapering almost equally
in both d_rections. Apex usually acuminate, rarely subacute.
Base narrowed and deeurrent.
Margins entire toward the base,
above serrulate, or finely crenate-dentate.
Midrib stout. Secondaries fine and very numerous, usually about 2 ram. apart, parallel,
diverging from the midrib at an angle of 4°0 to 45 °, finally
branching and forming an intricate network along the margin,
the ultimate branches running directly to the margin.
The single specimen from the Dakota Group of Kansas, upon
which Lesquereux founded this species is not specifically distinct
from the more abundant leaves from the Raritan, which Newberry called Cele,_trophyllum ang_._tifollu_m, the latter serving
simply to show the limits of variation of the former.
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quereux compared his leaf to Celastrophyllum
lanceolatum
Ettings. and Newberry in discussing Velenovsky's treatment of
Myricc_ Ze*_keri, is quite positive that the present species is a
Celastroph.yll_vu_. The evidence for this is by no rr_eans as conclusive as Newherry thought it was, and. it will probably be
demonstrated in the future that the present species is a Myrica
and not a Celastrophyllum, another alternative being to regard it
as a species of Drya_zdroides, the genus to which Ettingshausen
origina]ly referred Myrica Zenkeri.
This species apparently ranges throughout the Raritan, the
writer being able to add Milltown and South Amboy to the
recorded localities.
Occ_,.rrence.--Woodbridge, South Amboy, Milltown.
CoUections.--U. S. National Museum, N. :Y. Botanical Garden.

CELP.B'I'ItOpHYI,LIJ.X[

eIIETA¢I_UIV[

Lesq.

Celastrophylhtm cretaceum Lesq., FI. Dakota Group, I73, pl. 38,
f. z2-I4, I892.
Newb., FI. Amboy Clays, IOO,pl. 42, f. z3, I896.
Descriptio_.--Leaves
small_ 2 cm. to 4 era. in length by 0.9 cm.
to 1.2 cm. in breadth, elliptical or oblong in outline. Apex obtusely rounded.
Base narrowed, giving some of the leaves an
almost spatulate outline. Texture thick, subcoriaceous. Margin
entire throughout.
Midrib comparatively stout.
Secondaries
slender, branching from the midrib at an angle of 3°o to 40 °,
slightly curved, distant, paralIe!, often obsolete, eamptodrome.
T_ese leaves, which occur in some abundance in the Dakota
Group of Kansas and reappearing in the Raritan, are by no
means satisfactorily correlated with the genus Celastrophyllum
and suggest some Erieaceous genus.
This species is not contained in any recent collections from
New Jersey, and Newberry again failed to record the localities
from which his material was obtained.
Occurrence.--Locality
unknown.
Collections.--N. Y. Botanical Garden.
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eRENATUM

t{eer.

Plate XXII, Fig. 9; Plate XXIII, Fig. e.
Celctstrophyllu_

cren_tu_t_ Heer, F1. Foss. Arct., voL 7:4 I, pL

6e, f, e4 I883.
Smith, Geol. Coastal Plain in Ala., 348_ I894.
Newberry, FL Ambov Clays, 99, pL 48, f. z-z9, I896.
Berry, Bull. T_orrey Club, vok 34: I97, pl. I3, f. 5, I9°7.
Description.--"C.
foliis parvulis, membranaceis,
eliipticis,
crenatis, nervis secundariis _umerosis, valde camptodromis, reticulato venosis." Heer, i883.
Leaves very vari@ble in size, 2 cm. to 8 cm. in length by i cm.
to 5 era. in breadth, ovate or elliptlcal in outline, broadly rounded
above, narrowed and inequilateral below. Margins entire below,
coarsely toothed above with somewhat variable rounded, crenate
or crenate-dentate
teeth.
Occasional specimens are entire
throughout and some have a markedly inequilateral base. Midrib mediumly stout. Secondaries numerous, 9 to Io pairs, subopposite, branching from the midrib at an angle somewhat in
excess of 45 °, slightly curved upward and p_rallel, branching"
near the margin to form, festoons from which branches enter the
marginal teeth.
Tills species was described by Hjeer from the Patoot beds of
Greenland, and unfortunately only a single small leaf was figured.
The Raritan leaves, which are abundant, grade into much larger
forms, which are also present in the Bladen formation of North
Carolina an¢ the Tuscaloosa formation of Alabama.
Occurrem:e.--Sayreville,
South Amboy.
Collections.--U. S. NationM Museum, N. Y. Botanical Garden.
CELASTROPI:IYLLUM

Plate

XXII,

SPATUItATU_.{

Fig.

Newb.

4.

CeIastrophylhtm spalulatum Newb., F1. Amboy Clays, _o3, pL
42, f. 43-45, I896.
Cela*trophyllnm robustum, Newb., Ibid., f. 4 r, 42.
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Description.--Leaves
small, 3 an,. to 4 cm. in length by 1,4 cm.
to 3 cm. in breadth, ovate to broadly spatulate in outline. Apex
rounded m_re or less broadly. Base narrowed and decurrent.
Margins entire below, dentate _bove, the teeth usually confined
to the apical third of the leaf, Midrib usually somewhat curved,
giving the leaves an unsymmetrical appearance.
Secondaries
6 to 8 pairs, branching from the midrib at an acute angle, curving slightly upward, camptodrome.
The more narrow forms were separated from the broader
form, s by Prof. Newberry, both being given specific rank, although it seems obvious that they a.re the variable extremes of
a single species, and that not an especially variable one. They
approach rather closely to Cdastrophyllum Brittonianu4n` Hotlick,
but are readily distinguishable by their less symmetrical shape
and narrower base, their coarser an& less numerous teeth, and
their usually more numerous, more ascending, and straighter
secondaries.
No localities for this species are given i_ Prof. Newberry's
Monograph.
Later collections show. it to be abundant in the
upper Raritan at South Amgoy.
Occurrence.--South
,A__boy.
Collectlons.--U, S. National Museum,, N. Y. Botanical Garden.
_ELAS_ROPHYLLU_

GRANDIFOLIUN

Newb.

Plate XXIII, Fig. i.
CelastrophyUun_ grandifolium Newb., FI, Amboy Clays, lO4,
pl. _9, f. g; pl. 2_, f. I-4, 1896.
? Holliek, Mon..15. S. Geo.1. Surv., vol. 5o: 88, pl. 33, f. 8,
19o7.
Descriptio_.--.Leaves la,rge, 12 cm. to 25 cm. in, length, by 4
cm'. to 7 cm. in, breadth, ovate-lauceoia*e in outline.
Apex
rounded or snbacute. Base varying from rounded to cuneate.
Margins entiie below, above somewhat irregularly undulate or
closely serrate, or with coarse, rounded teeth. Petiole long (up
to 4.5 cm,.), very stout, Midrib stout. Secondaries numerous
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and slender far such large leaves, 12 to, 15 pairs, branching from
the midrib at nag'los of 45 _ or slightly more, somewhat flexuous
and iregular in their course, camptodrome.
Tertiaries generally
transverse, forming a coarsely quadrangular areolation.
This species is quite variable, not only in size, but especially in
marginal characters, which show every gradation from nearly
entire forms to closely serrate forms; this is, however, a character which is more or less variable in. all of the Raritan species
of this genus.
This is a, very .distinct species, however, its
nearest ally apparently being C¢Icctroptly]lu_ lanceolc_tum, described by Ettingshausen from the Cretaceous of Saxony, 1 and
which Heer apparently recognized in his Greenland material, z
Numerous specimens from New Jersey are irL Newberry's
_ollection, but none have the locality labels preserved.
Two
specimens were obtained in recent collections from Milltown.
Occ_zrrence.--Milltown,.
Collections.--N. Y. Botanical Garden.

CELASTltOF_IYLLUM BRITTONIANUM Hollick.

Celastrophylh_m BrittomTam*n_ Hollick in Newb., F1. Amboy
Clays, lO5, pl. 42, [. 37, 38, 46, 47, 1896.
Ward, lSth Ann. Rept. ld. S. Geol. Surv., 349, 358, 377,
378, 379, 1895 (nomen nudum).
Mort. U. S. Geol. Surv. vol. 48: 493, pl. Io7, [. 7, 19°6.
Description.--Leaves
small, 4 cm. to 5 cm. in len_h, by 1.2
era. to 1.5 cm. in breadth, lanceolate, or in some specimens somewhat spatnlate in outline.
Apex subacute.
Base somewhat
decurrent and straight sided. Margins entire below, denticnlate
above. Midrib stout. Secondaries numerous, somewhat irregular, of fine calibre but prominent, eamptodrome.
This species is clearly distinct {rom Celastropl_yllum spat_la_htm Newb., altbough it stands nearer the latter tharL to any
aEttingshausen,Kreidfl.yon Niederschoena,1867,p. 26o,I_1.ill, fig. 9.
'Heer, F1. Foss. Arct., vol. VII, 1883,tx 4o, pl, lxlv, t_g.9a; pL tx'v, _gs.
7,8.
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other known form. It seems to be a somewhat older type, since
it has been recognized in the consideraNy older deposits of the
Patapsco formation in Virginia.
It would be interesting to
know from what horizori or horizons ir_ the Raritarl it had been
collected, bu_ PrM. Newberry failed to indicate the locality in
connection with any of his several specimens, and it has not
been collected since his day.
Occurrence._Locality
unknown.
ColIec¢ion,_.--N. Y. Botanical Garden.

Family ACERACE_.
Genus
(Sp.
ACE_

PI.,

ACER

Linn6.

1753 . p.

AMBOYENSE

lO55. )

Newb.

Acer a:mbo3,ense Newb., F1. Amboy Clays, lO6, pl. 46, f. 5-8,
I896.
Acer sp., Hollick, Men. I5,. S. Geol. Surv., voI. 5° : 89, pl. 33,
f. z2, z3, 19o7.
Descrlptlo_.--Leaves
unknown.
Species based on fruits
(samara) which resemble greatly those of the modern red maple
of this latitude. They are somewhat varigble in appearance, in
the size of the carpel and in the outline of the wing, but these
are interpreted as examples of variability such as may readily
be seen in examining a series of fruits of the modern species.
The carpel proper varies in diameter from 3 ram. by 2 ram., to
7 mm_ by 3 mm., the latter probably being nearer the normal
form:. The wing varies in length from I cm. to 1.7 cm., probably
averaging' about i. 5 cm. and in breadth from 5 ram. to 9 mm.
The lower margin is thickened and cnrved (straight in one
specimen) with the characteristic paralleI, curving, occasioilally
forked veins.
'Although these remains are fairly common and seem clearly
allied to Acer, no leaves of this genus have been discovered in
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the Raritan and a single, poorly defined leaf is referred to Acer
from the insular Cretaceous flora. This absence of foliar remains suggests that these remains are more properly comparable
with the winged seeds of corfifers like those of Pimps, leaves of
which are common in the Raritan formation.
Judged by the
modern representatives they are much more like Acer than Pious
or other conifers, and they are therefore retained in the genus
where they were placed by Prof. Newberry.
In addition to specimens from Woudbridge and South Amboy,
undoubtedly
similar specimens are recorded from Marthas
Vineyard.
Occurre_we.--Woodbridge,
South Amboy.
Collections.--N. Y. Botanical Garden.

Order

RHA/NNAL_5.

Family R HAiVINA CEi]?;.
Genus RHAMNITES
(Quart.

Jour. GeoI. Soe. Lond., vol. VII, _85I, p. IO3.)
R_Amqi'r_s

Rhamnites

Forbes,

MINOR Holliek.

minor Hollick, in Newb., F1. Amboy Clays, Io6, pl.

42, f. 3< 896.
Descriptio_.--Leaves
small, ovate in outline, 1.9 crn• or 2 cm.
in len_h and I.* cm. or L2 cm. ir_ greatest breadth, which is at
the middle of the leaf, Apex rounded.
Base enneate, slightly
decu,rrent to the extrernely short and stout petiole. Venation
fine. Secondaries, few, 4 or 5 pairs, subopposite; the lower diverge at an acute angle and run parallel with the margin; the
upper are much. shorter and more oblique; all camptodrome.
This species is based on the single specimen figured in Pro£
Newberry's monograph (loc. cit) and no additional examples
have come to light. In general appearance and venation it is con-
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generic and closely resembles Rhamnftes apiculatus Lesq., 1 but
is of smaller size and has a less acute tip and a shorter petiole
The original locality in the Raritan from which the' specimen
was collected is not recorded.
Occurrence.--LocaIity
unknown.
Collections.--N. Y. Botanical Garden.

Family

VITACE./E.

Genus HEDERA

Linn4.

(Sp. PI., _753,P. 2c_.)
HEV_'Ra
OBLIQUA,
Newb,
Hedera obliqua Nex_b., F1. Amboy Clays, 1I 3, pL 37, f. 8; pl.
38, f, 5, 1896.
Descrfption.--Leaves
large, obliquely elliptical in outline,
markedly unsymmetrical, 9 era. to 15 era. in length by 8 cm. to. I I
crn.. in width. h{argins somewhat undulate, especially distad.
Petiole stout, 2.3 cm. or more in length. Apex broadly rounded
• or emarginate.
Base rounded or truncate.
Primaries 5 or
more, palmate, diverging at acute angles from the top of the
thickened petiole, the midrib the stoutest; the balance fork or
soon curve to join branches from the midrib, forming a somewhat
irreguIar and open network of camptodrome arches.
This species may be nothing more-than a variant of ttedera
primordialis Saporta, which it greatly resembles, since it is much
less abundant.
It is, however, generally larger in size, strikingly
unsymmetrical and lacks the cordate base of that species. It is
confined to the Woodbridge locality.
Occurrence.--Woodbridge.
Collections.--N.
y. Botanical Garden.
XLesq., F1. Dakota Group, i7I , pl. 37, L 8-13, 1892.
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Hedera primordfalis Sap., Le Monde des PI., 200, f. z9, z, G
1879.
Velen., F1. B6hm Kreidef. Theil I : 19 pl. 8, f. 7; pl. 9, f.
4, 5; pl. zo, f. 3, 4, I882.
tZeer, F1. Foss. Arct., vol. 6, ab. 2 : 82, pl. z5, f. 9, _o; pl.
24, f. :6, 7a; pl. 28, f. I3, z 4, 1882.
Newb., F1. Amboy Clays, i13, pl. z 9, f, _, 9; pL 37, f. I-7,
1896.
Berry, Bull. Torrey Club, vol. 34 : 2oi, pl. z6, 19o7 .
Description.--Leaves
elliptical, reniform, or cordatc in outline,
very variable in size and shape. Length 3 cm. to 12 cm., breadth
3.2 cm. to 12 cm_, usually broader than long'. Apex rounded or
obtusely pointed, sometimes slightly emarginate.
Margin somewhat irregular but entire. Base varying from, truncate to deeply
cordate.
Petiole long and stout, usually not preserved.
Venation palmate from.top of the petiole. Primaries varying in number from 3 to 7, usually 5 ,to 7, of which the midrib is the
stoutest, especially in, the smaller leaves. The lowest pair of
primaries, which are approximately parallel with the basal margins of the leaf, are smaner in size than the others, and should,
perhaps, be regarded as secondaries.
If this is done the pri°"
maries are normally 5 in num,ber, curved' and eamptodrome.
This species was figured by Saporta in 1879 from the Cenomanlan of Bohemia and described three ),ears later by Veler_ovsky from the sam,e horizon.
Heer identifies rather fragTnentary remains from the Atane beds of Greenland with this species,
which is also abundant in .the Woodbridge Raritan and in the
Bladen formation of North Carolina.
It varies greatly in size
and appearance, some of the smaller specimens from abroad suggesting the genus Cercis, while the smaller Raritan leaves suggest somewhat the genus Ficus. Of these variable specimens we
are disposed to consider as typical Velenovsky's PL X, "_g. 4, and
Saporta's gg. 2, as well as various Woodbridge specimens, which
are, however, mostly incomplete.
This is a remarkably widespread species and better characterized where it does occur than is usually the case in such cosmo-
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polltan types. It iz an important hor_zo_ marker and by itsd{
is almost sufficient to fix the age of the Raritan as Cenomanian.
Although the modem representation of this genus is reduced to
two species in Europe and northern Africa and a third in Japan,
it seems to have been a rnJore o.r less prominent type in the. Cretaeeons and Tertiary floras of the globe. In addition to the present
species, which has the xvide range previousIy mentioned, eight or
ten additional Cretaceous species, mostly American, are known.
The Eocene, both of A_eriea and Em-ope, {urnishcs six or eight
species; the Oligocene, of Europe and the Arctic regions, one or
two species, and the _Miocene a,nd Pliocene tw'o or three additional. The modern Old World I_edera Heli.*" Linng is recorded
from the Pleistocene (Interglacial)
of England, Italy and the
Paris basin, and one o,{ the Upper Miocene species appears also
to have survided into the Italian Pleistocene. While so abundant
an element in our Cretaceous floras, it is not a native plant in the
existing flora of North America.
Occu,rrence.--Woodbridge.
Collectious.--N. Y. Botanical Garden.

Genus CISSITES

Heer.

(PhyI1. Cr&. Nebr., I866, p. I9.)
CISSITES

FORMOSUS

Heer.

Cissites [ormosus Heer, FI. Foss. Aret., vol. 6, ab. 2 : 85, pl. 21,
f. 5 8, i882.
Lesq., FI. Dakota Group, 26I, pl. 'aI, f. 5, I892.
? Holliek, Bull. Torrey Club, vol. _I : 57, pl. I74, [. 6, I894;
U. S. Geol. SurT¢. Mon. 50:94, pl. 37, _. 7, I9O7.
Newb., F1. Amboy Clays, m 7, pl. 47, _. _-8, _896.
Description.--"C.
{oliis palmatis, profunde trilobatis, 1obo
medio basi contracto, trilobato, lobis obtnsis." Heer, I882.
The foregoing description was based upon very fragmentary
material from the Atane beds of Greenland, from which, nevertheless, Prof. Heer reconstructed the-supposed outline of the
perfect leaf. Judging by the specimens referred to this specie s
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by Lesquereux and Newberry, it was an exceedingly variable
form. In plan it was trilobate, but the subsidiary lobes developed UlXm both the median and the lateral lobes obscures this
_:rilo,batecharacter mid suggests Cis_ites parvifoli_ts Berry t of the
Albian of America and Europe, Cissites dentato-lobatus Lesq.,
of the 'Dakota Group or Cissus vitifolia Velen. of the Cenomanian of Bohemia.
The primaries are stout and 3 in number; they may diverge
from the top of the stout petiole or be supra-basilar; very often
the branches of the laterals approach so near the base that the
leaves have the appearance of being palmately 5-veined.
This species is common but fragmentary in the Raritan beds;
it ranges in size from 7 era. to IO cm. in length and from 6 cm.
to 12 cm. between the tips of the main lateral lobes. The sinuses
are all rounded, and the main ones may be deep or shallow. The
fragment from Long Island referred to this species by Hollick is,
as that writer remarks, exceedingly unsatisfactory and doubtful.
The genus Cis._ites was instituted by Heer in 1866 for the
species C_ssites insignis from the Dakota Group of Nebraska,
which presented various points of affinity with the genus Cissus
of Linn6. It is a largely developed type in the upper half of the
Cretaceous period, but is replaced after the Eocene by forms
which are definitely referable to the modern allied genera such as
Cissl*s, Vitis, etc.
Occurrence.--Sayreville,
Woodbridge, South Amboy.
CoIlections.--U.
S. National Museum, N. Y. Botanical
den.
ClSSi¢_;s

cRispus

Velen.

Gar-

?

Cissites crispus Velen., F1. B6hm. Kreidef., Tb. 4: _2, pl. 4,/.
I885.
? Newb., FI. Amboy Clays, io8, pl. 42, [. 2o-23, 1896.
? Berry, Bull. T'orrey Club, vol. 33: I77, I9o6.

6,

D!escriptim_.--"Das abgebildete Fragm_ent geh6rt einem kleihen BlS.ttchen yon rundlicher Form und handf6rmiger
NervaFounded
Saporta.

on the species

of Vitlphyllum

of Fontaine

and Cissltes
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tion. Es ist am Rande geschnitten gezS.hnt. Die Haupt-und
Slecond/irnerven sind seharf hervortretend Die Blattfl_iche zwisthen den st_irkerett Nerven ist faltig gew/51bt Velenovsky,
I885.
This species is characterized by Velenovsky as quoted above.
The American remains o,f small deeply toothed or incised leaves,
while they resemble the Bohemian form and are proSably related
to it, are doubtfully identical with it. This is especially true of
the Magothy leaves contained it1 carbonate of iron nodules,
which the writer has identified as this species from New Jersey
and Delaware; both this and the Raritan determinations are,
therefore, questioned in the foregoing synonomy.
Occ_rrence.--Woodbridge,
South A:mboy.
Collectio_s.--N.
Y. Botanical Garden.

Order

NALVALeS,

•Family STERCULIACEA_.
Genus PTEROSPERMITES
(Ft. Ten. Heir. vol. III,
P_mosP_s

Heer.
1859, p. 37.)

o_0"¢a_'ns (Newb.)

Be_ry.

Protophyllum obovatum Newb., FI. Amboy Clays, I2g, pl. 38, f.
4, I896.
Pterosperlnites obovatus Berry, Bull• Torrey Club, voI. 36 : a59,
I9o9.
Description.--_eaf
elliptical in outline, about I2 cm. in length
by 7.5 cm, in, greatest breadth, which is near the middle. Margins
entire• Midrib stout. Secondaries about Io pairs, sub-opposite
to alternate, comparatively
slender and somewhat flexuous,
eamptodrome.
Apex apparently rounded. Base contracted and
then prominently auriculate, the three or four secondaries involved radiating from the base of the midrib.
This species is based upon a single specimen from Woodrldge,
which Professor Newberry suggested might be related, to the
modern, species of Coccoloba.
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Very little can be said in favor of the reference of this leaf to
Lesquerenx's genus Protophfllum,
all of the species of which
differ from it in outline and marginal characters.
Professor
Newberry places great reliance upon the character of the base,
but in the Raritan specimen this is decidedly auriculate and not
subpeltate and the veins in this part of the leaf are radiate a_d
not more or less parallel.
Finally, the venation is distinctly
eamptodrome and not craspedodrome, as it is in Lesquereux's
definition of the genus and in all other species, which have
subsequently been referred to it. For these reasons it is here
placed in the genus Pterospermites, which seems to be a more
natural arrangement.
It may be compared with Pterospermites
auriculatus Heer 1 of the Atane beds of Greenland, which, while
somewhat different in outline, is a leaf of the same general facies
and is undoubtedly congeneric.
Occurrence.--\Voodbridge.
Collections.--N.
Y. Botanical Garden.

Order PARII_TALES.
Family PAS,SIFLORACE3E
Genus PASSIFLORA

Linn6.

Linn6.

(Sp. PI., r753, p. 955.)
PASSIFLORA

ANTIQUA

Plate XXIII,

Newb.

Pig. 5.

Passi_7ora antlqua Newb., F1. Amboy Clays, i.o9, pl. 23, [. 7,
1896.
Descriptlon.--Leaves
of medium size, narrowly bilobate, the
lobes widely diverging at an angle of about 45 °, rounded
apically. Sinus open, rounded. Base broadly cuneate. PetioIe
stout.
Margins entire.
Primaries 3 palmate from, top of
Heer, FI. Poss. Arct. vol. 6, Ab. 2 : 95, pl. 27, f. 4, 1882.
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the petiole, diverging at acute angles, the midrib running
straight to the base of I'he .sinus, the laterals but slightly curved
in passing to the tips of the lobes. Secondaries remote, fine,
camptodrome.
Passfftora is entirely a warm temperate or tropical type, and
while it is found iri both Asia and Australia it is primarily
'eMnerlcan and makes its greatest display in the tropics of
Central and South America.
Perhaps 250 species in all have
been described.
.Fossil representatives of this genus are rare. In addition to
the present species two characteristic species are described by
Friedrich 1 from the much more recent Ligurian deposits of.
Saxony.
Occurre_we. Woodbridge.
Collectio*ts.--N. Y. Botanical Garden.

Order

NYRTALeS.

Family MYRTACE-/E.
Genus EUCALYPTUS

L'Heritler.

(Sert. Angl., I788, p. I8.)
EUCALYPTUSO_IxI*ZI (Heer)

Heer.

Myrtophyllum Geinitai Heer, F1. v. Moletein, 22, pl. I_, f. 3, 4,
1872 ; F1. Foss. Arct., vol. 3, ab. 2: 116, pI. 3-', f. *4I7; pI. 33, f. rib, 1874.
Eucal'vptus Geiuit:i Heer, F1. Foss. Arct., vol. 6, ab. 2 : 93, pl. x9,
f. zc; p!. 45, f. 4-9; pl. 46, f. *ec, d, r3; i882.
Velen,, F1. B/Shin. Kreidef. Theil 4: I, pl. 1, e, 3, t_g. I; pl.
4, f- I, z3, 1885 .
Lesq., F1. Dakota Group, I38, pl. 37, f. 20, 1892.
Newb., F1. Amboy Clays, iio, pI. 3a, f. 2, I2 (non [. I5, I6)

I896.
_ I_riedrlch, Beitr. Tertfl. Sacbsen, I95, 234, pl. aS.. f. zo; pl. 31, f. I, 2, 1883.
13 PAL
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Hollick, Ann. N. Y. Acad. Sci., vol. 11:6o, pl. 4., f. z-d,
1898 ; Mon. U. S. Geol. Surv., vol. 5° : 96, pl. 35, f. z-8,
I0-12,

1907

.

Berry, Bull. N. Y. Bot. Garden, vol. 3:87, pl. 53, f. 3, 19o3;
Bull. T'orrey Club, vol. 31:78, pl. 4, f. 5, 19o4; Ibid.,
vol. 33 : 18o, I9o6; Ibid., vol. 34 : 2Ol, pl. 15, f. 4, I9O7.
Myrtophflhtm
I_Varderi Lesq., F1. Dakota Group, I36, pl. 53, f.
IO, i892.
Hollick, Mon.
19o7.
Eucalyptus

U. S. Geol. Snrv.,

voI. 5o:97,

? angustifolia
Newb., (non Desv.
Clays, III, pl. 32, f. z, 6, 7, 1896.

HolIick,

Bull.

N. Y. Bot. Garden,

latis, nervis
1872.

secundariis

ioliis

pctiolatis,

sub-an_do

1822)

vol. 3:408,

9, 19o4; Mon. U. S. Geol. Surv.,
9, I4, I5, 19o7.
Description.--"M.

pl. 35, f. I3,

pl. 7o, [. 8,

vol. 5o:95,

coriaceis,

aeuto

FI. Amboy

anguste

egredientibus."

A very large number of somewhat
variable
referred
to this species since it was described

pl. 35, f.

laneeoHeer,

leaves have been
by Heer in 1869

as the type of the genus M3,rtophylhtvn
and based upon material
from
the Cenomanian
of Moravia.
In 1882 the same author
definitely referred
this form to the genus Eucalyptus.
These diverse appearing
leaves are, as a rule, of the same general type, aid differ merely in size or in the closeness or remoteness of their secondaries,
and it seems doubtful if the species as
at present understood
is composite, as has been claimed by some
authors.
In general these leaves are lanceolate
in outline (ovate-lanceolate in some Bohemiau specimens),
broadest near the middle
and almost equally tapering
in both directions to the acute apex
and base. The petioles are very stout, as is the prominently
raised
midrib.
Secondaries
numerous, thin, branching from the midrib
at acute angles, about 45 ° , and running with but slight curvature
to the marginal
hem, which is either almost straight where the
secondaries
are close-set or more or less bowed where tbe sec-
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ondaries are some little distance apart, as in the Raritan specimens.
The larger leaves from New Jersey, which Prof. Newberry referred to this species, are not related to the smaller ones from
South Amboy, which appear to be correctly identified.
This species is wide-ranging and has been recorded from a
number of Cenomanian localities in Europe and fro_r the Atane
beds of GreenIand, the Dakota Group of Kansas, the Magothy
formation of New Jersey and Delaware, the Bladen formation
.of North Carolina, from Marthas Vineyard, Block Islancl, Long
Island and State1_ Island.
: The speci/nens from South Amboy described by Prof. Newberry as Eucalyptus ang_ts,tifolfa, are here referred to Eucalyptus
Geinit_i, to which species the Marthas Vineyard forms certainly
belong. The Raritan leaves are segregated by Newberry on the
ground of their more attenuated base and apex. This is shown to
some extent in his Figure .L but not in his other two figures,
Fi_tre 7 showing a leaf with a rounded base. My experience has
been that the observed variation in undonbted leaves of Eucalyptus Geinltxi is sufficiently wide to include leaves like those referred to E. ang_lstifolia. There is no advantage in maintaining
on paper a species based on fragmentary material which it is
impossible to differentiate with certainty.
The name E. angustifolia is antedated by the living species so-called by Desvaux in
I822, and rather thag rename the Raritan plant it is referred to
the present species.
Under his discussion of Eucalyptus ang_lstifolia, Prof. Newberry goes into a somewhat lengthy discussion of the objects
which Prof. Heer regarded as E_calypt,as fruits, and records it
as his opinion that they are unrelated to Eucalyptus and congeneric with the so-called scales of Da:,rmara extensively distributed in mid-Cretaceous deposits. The lapse of time has fully
sustained the latter view, and no paleobotanist at the present time
would think of supporting the former view).
Not only is this
the case, but in one species of Da_n_ara, at least, it has been
shown by structural spe;cimens that it and presumably all the
other species are referable to the Araucarie_e.
" ....
Some of the Bohemian remains are not included in this statement.
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Occurrence.--Sayreville,
Milltown, Woodbridge, South Amboy.
ColIectlons.--U.
S. National Museum, N. Y. Botanical Garden.
EUCALYPTUS

Plate

LINEARI_'OLIA

XXVIII,

Berry.

Fig. 8.

Et_calypms ? nervosa Hollick, Bull. Torrey Club, vol. 2i : 56, pl.
i74 f. io, i894; Ann. N. Y. Acad Sci., vol. ii:
6I, pl. 4,/. 5b, I898; Mon. U. S. Geol. Surv,, vol. 50:
95, pl. 8, _. 6b," ,_I.35, _. 76, I9O7 (non. F. Muell.)
Smith, Geol. Coastal Plain in Ala., 348, I894Newb., F1. Amboy Clay% ii2, pl. 32, f. 3-5, g, I896.
E_calypt_s Ib_eari/otia Berry, Bull. Torrey Club, vol. 34: 2°3,
19o7.
I'

Descrlptio;_.--Leaves
elongate-linear in outline, ioem. to 15
cm. in, length by I cm. or less in width, with entire margins, a
narrow cuneate base and a rounded obtuse apex. Midrib stout.
Secondaries very numerous, parallel, crowded, I ram. to 2 ram.
apart; they branch from the midrib at angles of 45 ° o,r somewhat less and run in a straight course to the marginal vein, which
connects their distal ends in a straight line parallel, and close to.
the margin.
This species is very similar to the contemporaneous leaves
which have been referred to this genus, and especially to Eucalyptus Wardiana, Berry _ described from; the overlying Magothy formation; in fact it is quite possible that the leaves from Block
Island, Long Island and North Carolina, which have been identified as Eucal3_ptu_"lia_earifolia>m_y really be exanrples of Eucalyptus VCardianct.. The former is also recorded from, the Tuscaloosa formation of Alabanm.
Occurrence.--South
Amboy.
CoUections.--N. Y. Botanical Garden.
Berry,

Bull.

Torrey

Club, 32: 47.

I905.
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Eucalyptus ? parvifolfl_ Newb., FI., Amboy Clays, i12, pL 32, [.
9-Io, 1896.
Description.-ZLeaves
small, lanceolate in outline, 5 era. to 6
cm. in length by I,I cm. to 1.3 cm. in greatest width, which is
about midway between the apex and the base, both of which are
equally acute. Margins entire. PetioIe apparently short. Midrib stout,
Secondaries rather fine and remote, camptodrome
somewhat angular; there are 9 or IO subopposite to altenlate
pairs which branch {rom the midrib at angles of about 45 _ or less
and inosculate at a considerable distance from the margin, there
being no marginal vein present as in the usual leaves of this
genus.
While it seems probable that this species is not referable to the
genus Eucalyptus, nor related to the other leaves from the Raritan fa_rmation which are here referred to that genus, the material
is so scanty and time-worn that it has seemed wisest to zetain it
as identified by Prof. Newberry rather than to attempt a reidentification which could not be made with any degree of conclusiveness.
This species has been recorded from the Tuscaloosa formation
of Alabama, but tlke many other specimens from different localities in the Coastal Plain, so identified by Ward, it is not identical with Newberry's leaves, but is referable to Salia- or La_*.ru,_.
This restricts the occurrm_ce of the preseut species to the upper
Raritm_ beds at South Amboy and emphasizes the singnlar variety
and abundance o{ these supposed Eucalyptus leaves at this single
horizon in the late Raritan.
Occurrence.--South
Amboy,
Collections.--N.Y.
Botanical Garden.
EUCALYI_U$

Plate

AI_GUSTA

XXVIII,

Velen.

Figs, r-4.

E_walyphts m_g_tsta Velen., Ft. Bghm. Kreldef., Theil 4: 3, pL
3, f. 2-I2, I885; Kvetena ceskeho cenomanu, 21, pL

4 f.r, ,889.
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Sap., FI. Ross. Portugal, 207, pl. 36, f. re, 1894.
Berry, Bull. Torrey Club, rot. 36:260, i9o9 .
Description.--"BI_tter
lineal, schmal lineallanzettlich, in der
Mitte odor in der unteren t-I/ilfte am breitesten, ganzrandig,
vorne in eine sehr lange Spitze vorgezogen und mit einem
harten Dorn beendet, Der Prim{irnerv gerade, ziemlich stark,
zur Spitz hin verdfmnt.
D_e Secund/irnmwen zahlreich, unter
spitzen Winkeln entspringend, am Rande durch einen Saumnerv
untereinander
verbunden.
Der Blattstiet gerade, etwa I era.
fang, stark." Velenovsky, i885.
The foregoing is Velenovsky's description of this interesting
species which is exceedingly common at a number of localities in
the Perucer schichten of Bohemia (Cenomanian),
wt_ere this
author subsequently found fruit-bearing twigs which he described
aml figured in I889 and which, it would seem., conclusively
establish the botanical relations of these leaves.
Subsequently Saporta (lot. cir.) recorded this species from the
Albian beds of Portugal; the latter material is, however, rather
incomplete and open to question. Recent collections in our own
Coastat Plain show that this species was present in considerable
abundance on this side of the Atlantic at the same time that it
flourished in Europe.
It has been collected from. the upper
Raritan at South Amboy, where it is common; from the Bladen
formation of South Carolina, and from the Upper Cretaceous
of Georg_ia, and may be somewhat more fully characterized as
follows :
Leaves alternate or scattered, mostly elongated, linear-laneeolate ir_ outline, often falcate, 4.5 cm. to 15 era.. in length, by 5
mm, to ia. _ mm. in width, with an attenuated acute tip and a
narrowly cuneate base declining to the short and stout petiole.
Midrib mediumly stout below, becoming attenuated
above.
Secondaries very numerous, fine, and close-set, about 1 mm.
apart, parallel, rather straight; they branch from the midrib at
acute angles of about 3oo or slightly less and run with
but slight curvature to, join the well-marked but fine marginal
hem which shows in all the American material and in most of
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the illustrations o.f the foreiga material.
In all respects this is
One of the most characteristically Eucalyptus-like species of the
many which have been so identified, and its totaI!ty of characters,
combined with the presence of attached fruits, in the Bohemian
m,aterial, which are no¢ unlike some of those of modern forms,
renders the identification very., saris.factory.
Occurrence.--South
Amboy.
Collections.--e'U. S. National Museum.
EUCALYPTUS? ATTENUATANewb.
Plate XXVIII,

Fig. 6.

Eucalyptus

? attenuata Newb., F1. Amboy Clays, iii, pl. I6, f. z,
3, (non. f. 5) 'I896"
Smith, Geol. Coastal Plain in Ala., 348, _894 (nomer_
nudum).
Ward, Ann. Rept. U. S. Geol. Snrv., i5th:37i,
r895 (nOmen nudum).
Berry, Rept. State Geol. (N. J.) for I9o5: I38, i9o6 ; Bull
Torrey Club, vol. 33:I8o, i9o6; Ibid., vol. 34; 2o3,
I9o7.

Description.--Leaves
lanceolate in outline, 9 em. to I2 cm. in
length by I. 5 cm. to 2 cm. in greatest width, which is in the basal
half of the leaf. Margin entire, somewhat undulate in some
specimens. Apex narrow and produced, acutely pointed. Base
cuneate. Petiole stout, I cm. to 2 era. in length. Midrib stout,
especially in its lower part. Secondaries numerous, branching
from the midrib at an. acute zmgle, reticulate-camptodrome.
This species has little in corr,m_n with the leaves usually-referred to this genus, except its outline, which is also that of a
great many unallied genera. It is somewhat suggestive of some
of the leaves referred to La_rophyglum, in fact many possible
relationships could be suggested, all of which possess equal elements of uncertainty, so that it seems wisest to permit Prof.
Newberry's identification to stand after pointing out its inconclusive nature.
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This species is common in the upper Raritan and has a recorded range of considerable extent in somewhat later formations.
It is recorded from the 1V!agothy form'ation of New
Jersey and Maryland, the Bladen formation of Nortb Carolin_
and the Tuscatoosa formation of Alabama.
Occurreuce.--South
A_lboy, Hylton Pits.
Collectious.--N.
Y. Botanical Garden.

Order UMB_LLALE5.
Family CORNACEA7,.
Genus CORNOPHYLLUhl Newb.
(FI. AmboyClays,I896,p. IIg.)
CORNOPHYLLUI_I

Cornophyllum

Vt_'I'IJSTUIX:[

Newb.

_etustu_u Newb., FI. Amboy Clays, II 9, pl. z9, f.

to, i896.
Descriptio_z.--Leaves
elliptical in outline, 7-8 cm. long_ by
about 4 cm. wide, with acute apex and base, the latter slightly
decurrent and inequilateral.
Margin entire, very slightly undulate. Midrib slender and straight.
Secondaries slender, about
7 pairs, opposite or alternate, branching
from the midrib
at an angle of about 45 °, and stror_gly curved upward, approximately parallel and cmnptodrome; they increase in length from
the apex to the base, the lower ones sweeping upward in strong
arches parallel with the margin and all drawn inward toward the
apex.
With the exception of the delicate and somewhat flexuous
character of the venation, these leaves are strictly comparable
with those of Coruz_s, good species of which, very similar to the
Raritan leaf, occur in the Dakota Group, in Greenland and in
the Magothy formation of Maryland.
Doubtless the Raritan
species will evelltually he referred to that genus, meanwhile the
present generic appellation is a sufficient index of its relationship.
This species is rather rare, and as indicated above, ser_,es to
ally the Raritan with somewhat younger formations.
Occurre_ce.--Woodbridge,
Milltown.
Collectlo_,_.--U. S. National Museum, N. Y. Botanical Garden.
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Family ARALIACRFE.
Genus ARALIA

Linn_,

(Sp. PI., I75.3, p. 273.)
A_ALI,XN_w_t;_w

Berry.

Aralia palmata Newb., F1. Amboy Clays, ii 7, pl. 39, f. 6, 7," pl.
4°, f. 3, 1896 (non Lamarck).
(?) Berry, Bull. N. Y. Botanical Garden, vol. 3 : 93, pl. 44,
i9o3; Bull. Torrey CIub, vol. 3_ : 79, pl, 4, f. _z, I9o 4.
Hollick, U. S. Geol. Surv. Mon. 50:98, pl. 3g, f. 4, I9o7.
Aralia rotu_diloba Hollick, Ann. N. Y. Acad. Sci., vol. II : 4zI,
pl. 38, f-. 2, i898.
Aarlia sp., Hollick, Ann. Rept. N. Y. State Mus., vol. 55:r5o
I9o3.
dralia polymorpha Newb., FI. A'rnboy Clays, 118,pl. 39, [. r-5,
I896.
Aralia Newber_3,i Berry, Bull. Torrey Club, vol. 34: 2oi, pl. zS,
f. _, I9o7 •
DescrlpNom--Leaves
very variable in size and outline, palmately 3 to 5 lobed. Lobes conical, obtusely rotmded.
Sinuses open, shallow, rounded. Margin entire except basally,
where incipient lobations cause undulations.
Petiole long and
stout. Midrib stout, more or less curved or flexuous. Primaries
3 to 5 from the base, prominent, running to the tips of the
lobes. Secondary branches very slender, camptodrome.
The
middle lobe is usually longest and broadest, and the basal lateral
lohes may be reduced to subordinate and but sl?ghtly n:'arked
divisions of the main lateral lobes.
A's can be readily seen, the relative development of the apical
or basal lobes and the depths of the intervening sinuses greatly
alters the appearance of these leaves. Some are quite symmetrical, while others are very unsymmetrlcal; some are pre-eminently 3-lobed and sublobate, others are 5-lobed with additional incipient lobes. The variations are almost exactly corn-
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parable with the similar variations in the leaves of the modern
Sassafras due to position and age.
There seems to be no basis for maintaining the distinction
between Aralia palmata and A. polymorpha Newb. The species
is abundant in the Raritan, and survives in the overlying Magothy formation in a slightly modified form, which may prove
eventually to be a distinct species.
The genus Aralia, to which this and the several following
species are referred, is an important element in the Cretaceous
floras of the globe, with many species especially in the Dakota
Group and the Bohemian Cenomanian.
The large number of
species, seven in all, in the Raritan furnishes corroborative evidence of its Cenomanian age.
Occurrence.
Woodbridge.
Collections.--N. Y. Botanical Garden.

ARALIA
Plate

XX,

QUINQUEPARTITA
Fig.

8;

Plate

XXIV,

]

Lesq.
Fig.

5.

Aralia quinquepartita Lesq, Ann. Rept. U. S. Geol. and Geog.
Surv. Terr., 1871; 302, I872; Bull. U. S. Geol. Surv.
Terr., vol. I : 394, I876; Cret. FI. 9o, pl. 15, [. 6, 1874;
F1. Dakota Group, 136, 1892.
Newb., F1. Amboy Clays, ii5, pl. 4o, [. I, 2, I896; Mon.
U. S. Geol. Surv., vol. XXXV. : I23, pl. 9, f' I, 1898.
Description.--Leaves
generally of large size and coriaceous
texture, from 5 era. to 17 era. in length by from 9 cm. to 17 cm.
or possibly more in greatest breadth between the tips of the
lateral
lobes, petiolate.
Palmately
5-lobed.
Lobes long,
linear or lanceolate in outline, obtusely pointed. Terminal lobe
of the same size as the principal lateral lobes from which it is
separated by narrow but rounded sinuses extending threequarters of the distance to the base. The ground plan of the
leaf is trilobate, with each of the lateral lobes more or Iess deeply
divided into two almost equal divisions, the basal one of which
is more or less subordinate.
Primaries stout, 3 in number
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from the cuneate base or a slight distance above, running from:
thence to the tips of the lobes. From" I. 5 era. to 4 cm. above
their origin the lateral primaries send off stout, lateral, more or
less subordinate branches which run to the tips o,f the subordinate
lobes. These latter may" nearly equal the principal lobes as they
do in the complete specimen figured by Newberry in 1898, or
they may be more or less reduced as they are in the large specimen figured by the same author from Woodbridge, in which theone on the right side is apparently but slightly developed. These
lobes are also subordinate in the dainty little lea{ of this species
figured in the present report from the ttylton Pits, The secondaries are numerous and camptodrome as a rule, although a singleone in the last-mentioned specimen runs directly to a prominent.
serrate point on the lower side of the subordinate lobe, a short
distance below its apex.
Although fragmentary remains of this handsome species were
discovered during the work of the Hayden Smwey in Kansas,
and were described by Lesquereux in I876, the subsequently-.
collected, more complete material has never been adequatelydescribed.
Occurrence,--Woodbridge.
Hyltori Pits.
Collecgons.--U. S. National Musemn, N. Y. Botanical Garden.

_RALIA

C_ROENLANDICA

He_l'.

Aralia groenlandica Keer, Fl. Foss, Arct., vol. 6, ah. e : 84, pl. 38,.
f, 3; pl. 39, f. z; pl. 46, f. I6, 17, I882,
Lesq., FI. Dakota Group, I34, pl. 54, [. z-3, I89z.
Newb., FI. Amboy Clays, I_6, pI. z.8, f.'4, I896"
Berry, Bull. N. Y. Bot. Garden, voh 3 : 94, pl. 45, f. 4, I9o3-Holliek, U, S. Geol. Surv. Mon. 5° : 98, pl. 37, f. 3-6, t9°7"
Description,--"A
foliis magnis, coriaeeis, kevigatis, basf
rotundatis, trilobatis, lobis subaeqnalibus, lobo medio simulato,
rotundato separato."
Heer, _.g8-o.
This species is very poorly defined, both Heer and Lesquereux
including it in leaves showing a quite considerable remge of:
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variability.
They are all coriaceous, trilobate leaves of conside>
able size with long ancl stout petioles, Length 6 cm. to IOcm,
Width 7 cm to te cm. Lobes ovate, pointed or rounded, 1 with
open rounded sinuses, the lateral lobes showing a tendency to
become sublobate below.
Primaries
slender, camptodrome.
Lesqnereux makes "five nerved from the top of the petiole," a
character of this species as it is in all tile specimens which he
figures and in one or two of Heer's figm'es. These extra laterals
are much more slender than are the regular primaries and are not
constant unless the species be considered composite.
The Coastal Plain leaves referred to this species by Newberry,
Hollick and the writer are as a rule somen,hat smaller in size,
with narrower lobes. This species is infrequent in the Raritan,
and the leaves referred to it are suggestive of what Newberry
called Aralia pate_zs. The species is more abundant in the somewhat later Cretaceous deposits of Marthas Vineyard and Cliffwood bluff. It was described originally from the A_:ane beds of
Greenland and is also present in considerable abundance in the
Dakota Group of Kansas.
Occnrr e**ce.--_Voodbridge.
Colleclions._N.
Y. Botanical Gardens,

ARALIA ROTUNDILOBA Newb.

dral& rotu_idiloba Newb., F1. Amboy Clays, II8, pl. _8, [. 5;
pl. 36, f. 9, _896.
DescHptiom--Leaves
elliptical in outline, palmately five-lobed,
about 8 cm. in length, by m cm. in greatest breadth.
Lobes all
stout and rounded or slightly retuse distad, separated by shallow, rounded, open sinuses.
Margins entire.
Base truncate.
Petiole long and very stout,
Primaries comparatively slender,
3 in number, with a pair of subordinate laterals usually present. Secondaries slender, camptodrome.
As this species is based upon. infrequent specimens it may
possiMy represent a variety of Aralia Newberryi, some forms
• Retuse

in one specimen

which

Lesquereux

refers

to this
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of which it resembles quite considerably.
It is not an especially
well marked species in any event, and the two forms which
Prof. Newberry figures show considerable variability.
Fragmentary specimens of what the writer believes to be this species
are present in the collections from the Hylton Pits.
Occurrence.--Woodbridge,
Hylton Pits.
Collections.--N. y. Botanical Garden.

ARALrA Fa:rg,_s

Hollick,

dralie

patena Hollick, Bull. Torrey Club, vol. 2I : 54, pl. s74,
f. 4, 1894; Mort. U. S. Geol. Surv., vol. 50:98, pl. 38,
f- 3, I9o7 Newb., F1. Amboy Clays, ii7, p. 37, f. 6, I896.

Descrfptiou.--Leaves
palmately trilobate, the lobes subeqnal,
linear in outline, subacute, divergent, the lateral lobes directed
transversely to the median lobe, the intervening sinuses being
deep and open and forming an angle of nearly forty-five degrees.
Margins entire. Base truncate. Petiole long and stout. Midrib
sto_t. Lateral primaries, which diverge from the top of the
petiole, also stout, but somewhat less so than the t_idrib.
A
subsidiary lateral of finer calibre branches from the outside point
of origin of each lateral primary.
Secondaries irregular, rather
straight, diverging from, the primaries at usually a wide angle,
their ends joined by a marginal vein.
This is a rather ill-defined and infrequent species and suggests
the leaf which Prof. Newberry figured as dralia groenlandica
Heer.
A fra_oTnent has been reported by Hollick from Glen
Cove, Long Island, and an equally poor fragment is contained
in the present collections from South Amboy.
Occufrence.--VVoodbridge,
South Amboy,
Collections.--U'. S. National Museum, N. Y. Botanical Garden.

NEW JERSEY GEOLOGICAL SURVEY

202

THE

RARITAN
ARALIA

FOR_,{OSA

FLORA.
Heer.

dralia formosa Heer, Kreidefl. v. Moletein, 28, pL _', f. 3, I869.
Lesq.,Cret. & Tert. FI,, 6o, pl. H, f. 3, 4, I883 ; FI. Dakota
Group, I31, I892.
Velen., FI. B/3hm. Kreidef., Th. 2 : 2i, pl. 5, f. 2; pL d, f.
7; pl. 7, f. 2-4, I882.
Newb., F1. Amboy Clays, ti6, pl. 22, f. 8, 1896.
Description.--"A,
foliis petiolatis, triplinerviis, trilobatis, IoNs
apice dentatis, obtusiuseulis."
Heer, I869.
The occurrence of this species in the Raritan formation is
based upon a single fragmentary specimen, figured by Prof.
Newberry from South Amboy.
The species was described,
originally, from the Cenomanian of Moravia, and was subsequently recorded in considerable abundance from the Cenomartian of Bohemia and the Dakota Group of the west. The
New Jersey material, as far as it goes, agrees very well with the
more typical material from elsewhere, especially that from
Bohemia. It may be distinguished from draIia wellingtonian_
Lesq., the only other Raritau dralia which is not entire margined
by the obtusely pointed lobes, always three in number, the decurrent base, and by the coarse undulate-dentate teeth.
Occurrence.--South
Amboy.
Collections.--N.
y. Botanical Garden.

ARALIA

Lesq.

WELLINGTONIANA

Plate

XXV,

Fig.

7.

dmlfg

wellingtoniana Lesq., F1. Dakota Group, r3i,
f. I; pl. 2G f. 2, 3, 1892Smith, Geol. Coastal Plain in Ala., 348, 1894.
Newb., FI. Amboy Clays, Ir 4, pl. _6, f. I, 1896.
dralia condnna Newb., Ibid., footnote, p. 1i 4.

pl. 2_,

Descrlption.--"Leaves
large, cofiaeeous, palmately three or
five lobed, narrowed in an inward curve to a prolonged base,
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decurring_ to the petiole; lobes long, oblong-lanceolate, abruptly
pointed, sharply equal!y dentate h-ore above the base, the teeth
turned outside or slightly upward, separated by shaflow sinuses ;
primary nerves broad and flat; secondaries more or less oblique,
slightly curving or nearly straight in passing to the borders,
entering the teeth, eraspedodrome, mostly simple; areotation
distinctly reticulate, in irregularly quadrate or polygonal meshes."
"The leaves, which are :5 cm. to 16 cm. lon E, exdudirtg the
petiole, vary, of course, in w.idth according to the number of
lobes and their divergence from the median nerve, which, in
most of the specimens that I have seen averages thirty-five
degrees. The lobes are a little broader in the middle, slightly
narrowing to the sinusus, 7 cm. to Io era. long, and from 2 era.
to 3 cm. broad at the middle. The separate lobe has the teeth
much larger, rhore turned upward, appearing also of a thicker
texture."
"The species is so remarkably similar to d_ _Vaportanea Lesq.,
that at first sight it appears identical.
It differs, however, by
the eoriaceous texture of the leaves, the reticulate areolation, the
larger teeth, the more or less upwardly-turned secondaries, which
are not curved or camptodrome, but run straight to the teeth
and enter them; the base of the leaf is longer, decurrent, and
the lobes more abruptly or obtusely pointed." Lesqnereux, I892.
This species is so well described by Prof. Lesquereux that his
description is introduced i_, taro above. It is an extremely bandsome species and quite different from any other form in the
Raritan flora. The Raritan leaves are all trilobate, and it would
seem. as if the 5-lobed form wb.s only an occasional variant,
as the same species in its occurrence in the Tuscalo,osa formation of Alabama is also trilobate.
There is considerable resemblance to dralia dec_rren_, Velenovsky, _ of the Bohemian Cenomanian, in which, however, the
lobes are relatlvely narrower and longer, with coarser teeth and
deeper sinuses.
• Occu_'rence._Woodbridge.
Collections.--N. ,Y. Botanical Garden."
_Velenovsky,FL Bdhra. Kreidef., ThelI 3, t884,p. st, 131.
4, f. 5-7.
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Family ERICACE2E.
Genus

ANDROMEDA

(gp.

Linn4.

PI,, _753, p. 393.)

ANDROMEDA NO_J_-CJ]_SARE_ Hollick.

Andromeda nov¢-ccesarew Hollick in Newb., F1. Amboy Clays,
12I, pl. 42, f. 9--Iz, 18-31, I896.
Smith, Geol. Coastal Plain in Ala., 348, I894 (misspelled
calcareo2).
Berry, Bull. 'Porrey Club, voh 33: I81, 19o6; Ibid., vol.
34 : zo4, 19o7 .
Descriplion.--Thick
entire leaves of small size, with stout petiole and midrib and obscure secondary venation, which is for the
most part immersed in the thick substance of the leafblade.
Length ranging from 2.5 cm. to 5 cm. and width varying from
o.9 cm:. to i. 3 cm. Venation when visible shows numerous parallel, camptodrome secondaries which branch from the midrib
at an acute angle, curving upward and relatively long. While
the majority of these leaves are equally acuminate at both ends,
there is considerable variation in this respect, and a weU-marked
tendency is shown in a considerable number of specimens which
are relatively broader, especially in the upper half of the leaf,
toward an obtusely rounded apex, the termination of the midrib
showing as a faint mueronate point. The base in these forms
gradually narrows to the stout petiole, the term obIanceolate or
lanceospatulate perhaps describing them better than any other.
The variations in outline of this species are well shown in the
figures reproduced in Prof. Newberry's monograph.
A large
number of the leaves which the writer has identified as this species
from the Coastal Plain, south of New Jersey, have this obtusely
rounded apex.
Within the Raritan formation this species is only known with
certainty from the upper beds at South Amboy.
It becomes
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more abundant in the overlying Magothy formation and is present from New Jersey and Maryland, as well as from the Bladen
formation of North Carolina, the Middendorf formation of
South Carolina and the Tusealoosa formation of Alabama•
It
does not appear to be especially close to either Andromeda
Snozeii Lesq. or Andromeda linifolia Lesq. of the Dakota Group
with which Dr, l-tollick has instituted comparisons.
Material
from North Carolina definitely proves its Erieaceous affinities.
Occurrence.--South
Amboy.
Collections.--U. S. NationallMuseum, N. Y. Botanical Garden.
ANDROMEDA

GRANDIFOLIA

Berry.

Andromeda !atifolia Newb., F1. Amboy Clays, 12o, pl. 33, f. 6-8,
•Io (non f. 9) ; pl. 34, f. 6-H; pl. 36, f. xo, 1896 (non
Wright).
Smith, Geol. Coastal Plain in Ala., 348, 1894 (nomen
nudum).
Holllck, Bull. N. Y. Bot. Garden, vol. 3:416, pl. 79, f. 3,
19o4; Mon. U. S. Geol. S,nrv., voi. 50: IOO,pl. 3.9, f. I,
19o7.
Andromeda grandlfolia Berry, Bull. Torrey Club, vol. 34:2o4,
pl. rS, f. 3, 19°7.
Description.--Leaves
thick and corlaceous, varying considerably in size and shape. From 4 cm. to 20 cm. in Ien_h by 1.5
cm. to 7 cm. in width, ovate-lanceolate in outline, with an entire,
usually somewhat undulate or unsymmetrical margin. Apex obtusely pointed or sometimes rounded.
Base somewhat wedgeshaped. Midrib and petiole very stout. Secondaries relatively
few, 6 to 8 eight pairs, stout and flexuous, branching from the
midrib at an acute angle and sweeping upward in long curves
and eventually inosculating to complete the 'strictly camptodrome
venation.
T.his species occt_rs throughout the lower R_ritan in N_ewJersey.and at somewhat .higher horizons in the Cretaceous of the
Southern .States. : It is larger, relatively broader and less regular
than'And_'omeda PcMatoriiHeer, the two leaves figured on plate
14

PAL
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23 showing the average shape with a length of about IO era. and
a width of about 5 cm.
Occurrence.--Sayreville,
Woodbridge, Milltown.
Collections.--U. S. National Museum, N. Y. Botanical Garden.
ANDROMEDA C00KII

Berry.

Andromeda _exuosa Newb., (non Moon, 1849) FI. Amboy Clays,
Izz, pl. 34, f. ;-5, 1896.
Hollick, Bull. N. Y. Bot. Garden, vol. 3:416, pl. 79, f. 2,
I9O4; Mon. U. S. GeoI. Surv., vol. 5o: IOI, pl. 39, [.
6, 19o7.
A_dromeda Cookii Berry, Bull. Torrey Club, vol. 36:261, I9O9 .
Deseription.--Leaves
coriaeeous, variable in size, lanceolate
in. outline, 6 cm. to I2 cm. in length by 1.5 cm. to 3 era. in width,
with an acuminate apex and a somewhat cuneate base. Midrib
stout and flexuous. Secondaries strong, somewhat flexuous,
branching from the midrib at an acute angle and arching upward
in long curves, camptodrome.
Tertiaries mostly simple, transverse, forming oblong areoles.
This species is of the same general character as the other Raritan species of Andromeda with which it is strictly congeneric.
It is a common form, in the lower Raritan, although most of the
specimens are imperfect.
Elsewhere it is recorded from Glen
Cove, Long Island, but the material from the latter locality is not
very conclusive. The name given to, this species by Newberry
was unfortunately preoccupied, and the name here used is given
in honor of the late George H. Cook, whose work on the Raritan
and allied formations has furnished the basis for all subsequent
studies.
Occurrence.--Sayreville,
Woodbridge, Milltown.
Collections.--U. S:. National/_gnseum, N. Y. Botanical Garden.
ANglo.EvA

PaRLmORII

Heer.

Andromeda_ Parlatorii Heer, Phyll. Cr6t. d. Nebr., 18, pl. z, f. 5,
i806; FI. Foss. Arct., vol. 3, ab. 2': II2, pl. 3.2, [. 1",
2, 1874; Ibid., vol. 6, ab. 2 : 79, pl. 2I, f. xb, H; pl. 42,
f. 4c, i882.
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Lesq., Cret. F1. 88, pl. 23, f. 6, 7; pl. 2g, f. z 5, 1874; Fk
Dakota Group, 115, pl. s9, f. 5; pl. 52, f. 6, 1892.
Smith, Geol. Coastal Plain in Ala., 348, 1894.
Newb., Iq. Amboy Clays, 12o, pl. 3z, f. z-7; pl. 33, f. z, 2,
4, 5, 1896.
t-Iollick, Ann. N. Y. Acad. Sci., vol. Xi_; 4"_o, pL 37, f. 1-4,
1898; U. S. Geol. Surv., Mort. 50: Ioi, pl. 39, f. 2-5,
19o7.
Berry, Bull. N. Y_ Bo*. Garden, vol. 3: 97, pl. 5o, f-, 2-4,
19o3; Bull. Torrey Club, vol. 31: 79, PI. z, f. s, 2,
19o4; Ibid., vol. 33: I8I, 19o6; Ibid., vol. 34:203,
pl. z 5, f. _, 19o7.
Prunus ? Parlato.rii Lesq., Amer. J-our. Sci., vol. 46: lO2, 1868.
Leucothoe Parlatorii Schimp., Pal. V6g6t., vol. 3: II, 1874.
Description.--"A
foliis lanceolatis, basi attenuati$, integero
rimis, nervo medio valido, transversium striato, sectmdariis subtilissimis, angulo acuto egredientibus, eamptodi'omis."
Heer,
1866.
This species was first described by Prof. Heer, in one of the
earliest published accounts of the Dakota Group flora, and it has
since been fotmd to have a wide _eological and geographical
range.

It is one of the commonest Cenomanian species occurring in
Minnesota, Kansas, Nebraska, in the west, and from Greenland
to Alabama, in the east. It is as common in the overlyinff
Magothy formation as it is in the Raritan, being' recorded from
Marthas Vineyard, New Jersey, Delaware and Maryland.
It is
also present in the Bladert formation of North Carolina.
The genus A_Mrom_&r of Linn_ has been mnch segregated by
subsequent botanists, and tills is reflected in Schimper's proposal
to refer this species to Le_cotho,e. However, the more general
term has obvious advantages, for the paleobotanist in cases like
the present, where it is well-nigh impossible to segreg.ate these
various Ericaceous gener_ with any deg.ree of accuracy.
O'cc_,rre_we.--Newberry
mentions no specific localities, but
says: "Found at iiearly- every locality opened."
I have very
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• good specimens from Milltown, six in all, one of which is a
replica of Newberry's specimen shown on pl. 31, fig. 3. Also
found at the Hylton _its.
Collections.--U. S. National Museum, N. Y. Botanical Garden.

Order PRIMULALES.
Family
Genus
(Sp.

MYRSINACE_.
MYRSIN£
PI.,

Linn6.

1753, p.-i96.)

/V[YRSlNE BOREALIS Heer.

Myrsine borealis H'eer, F1. Foss. Arct., vol. 3, ab. 2:113, pl. 32,
f. 23, _874; INd., vol. 6, ab. 2:8i, pl. 24, f. 7b, '8, pl.
e7, f. Ib; p[. 44, f. 5a'; pl. 46, f. x9, so, I882.
White, Amer. Jonr. S:ci., vol., 39:98, pI. z, f. 5, 189°.
Smith, Geol. Coastal Plain in Ala., 348, I894.
Newb., F1. Amboy Clays, I22, pl. 24, f. 4--6, 1896.
ttollick, Bull. Geol. Soc. Amer., vol., 7: 13, I895; Mort.
U,. S. Geol. Surv., vol. 50: io2, pl. 39, f. xo, zL 19o7.
Diospyroa rotgndifolia Hollick, Bull. Torrey Club, vol. 21 : 53,
pl. z?9, f. 2, i894.
Descriptio_._"M.
foliis Gratis (.?), integerrimis,
nervis
seetmdariis nttmerosis, approximatis,
r_imosis, camptodromis."
Heer, 5874.
Leaves ovate-elliptical iN outline, obtusely rounded above and
slightly cuneate below, 2:5 era. to 5 cm. in length, by 1.2 cm. to 3
cm. in width, with a stbut petiole about I cm. in length. Margins
entire. Texture coriaeeous, more or less obseui'ing the venation.
Midrib stout. Secondaries mediumly stout, 5 to 8 alternate pairs,
parallel, branching from the'midrib at an acute angle, eamptodrotrm. Tertiaries fine, forming an inosculating series 0f elongated
meshes rAore or less parallel with the secondaries.
In specimens
in .which tl-/e tei:tiary venation is. visible the appearance is very
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different from that shown in Prof. Newberry's figures, where
only the secondaries are seen. These latter may be compared
with the similarly preserved leaves from Greenland figured by
Heer (pl. _4, f. g; pl. 44, (. 5a) •
This species was described, originally, from. the Atane beds
of Greenland, and was subsequently collected in considerable
abundance fr_'n the Raritan formation. It has also been recorded
from Marthas Vineyard and L6ng Island; from the Tuscaloosa
formation of Alabama, an d from the Bladen fon_xati0n of NorthCarolina.
It is" another fofi_ whidh establishes the'relation of
the Raritan flora to the C_/nomanian.
Occurrence.--South
Amboy, Milltown.
Collections.--N.
Y. Botanical Garden.

MYRSINE

OBLONOATA

Plate XXIV,

HoIlick.

Pig. I.

Myrsi1_e oblongatc_ Hol_iek in Newb., FI. Amboy Clays, _22, pl.
42, [. zS, I896.
Descriptlon.--Leaves
of small size, elliptical in'outline, 2.6 cm.
•_n length by L 3 era. in breadth.
Apex broadly rounded; base
almost equally so. Margins entire. Venation fine and indistindt.
Secondaries 5 or 6 pairs, camgtodrome.
This species was based upon a single specimen regarding
which Professor Newberry failed to record the exact locality,
and no additional specimens have since come to light. It is very
doubtfully related to Myrsin G which usually has a much closer
venation, and suggests a number of leaflets which have been
referred to genus Leguminosites.
As no positive light can be
shed on its real affinities, it is left in the genus where it was placed
by its describer.
Occurrence.--South
Amboy (?).
Collections.--N.
Y. Botanical Garden.
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GAUDINI (Lesq.)
XXIV,

Figs

Berry.

3, 4-

M_yrsinites ? Gaudini Lesq., FI. Dakota Group, I 15, pI. 52, [. 4,
1892.
Myrslne elongata Hollick, Bull. Torrey Club, vol. 21 : 54, pl. I77,
[. 2, 1894; Ann. N. Y. Acad. Sei., vol. II:42o, pl 3g,
[. S, 4 b, c, 1898; Mort. _. _. Geol. Survey, vol. 5o:
Io2, pl. 8, [. Ib; pl. 39, [. I3, z4, 19°7"
Newb., F1. Amboy Clays, 122, pl. 22, [. I- S, 1896.
Myrslne Gaudini Berry, Bull. Turrey Club, vol. 36:262, 19o9.
,Descrlptlon.--Leaves
oblanceolate or elongate-obovate in outline, 5-5 cm. to 7 cm. in length by I. 9 cm. to 2.5 cm. in greatest
width. Margins entire. Apex obtusely rounded.
Base somewhat elongated, narrowly cuneate. Petiole present, stout. Midrib stout below, rapidly diminishing in calibre.
Secondaries
numerous, 8 to IO pairs, alternate, branching from the midrib
at angles of from 4o° to 45°, eamptodrome.
When tertiary
venation is distinctly preserved the venation is more typical than
when only the secondaries are partially visible.
This species is well distributed in the Raritan and has also been
recorded from Long Island and Staten Island.
The identificatioi1 of Myrsin6tes ? Gm_dini Lesq., with the eastern forms wi.th
which it is obviously identical extends the range eastward from
the Dakota Group of Kansas. It may be readily distingxfished
from the other Rartain species by its relatively narrow elongated
form. It is also present in undescribed collections of the writer
from, North Carolina and Alabama.
Occ_rrence.--South
Amboy, Milltown.
Collections.--U. S. National Museum, N. Y. Botanical Garden.
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Family EBENACE._.
Genus
(Sp.

DIOSPYROS
PL,

DtsoPYRos

Linn_:.

I753, P. lO57.)
PRIlXI.'lgVAHeer.

Diospyros prim¢ve Heer, Phyll. Crfit. d. Nebr., i9, pL _, f. 6, 7,
1866; FI. Foss. Airct, vol. 6, ab. 2:8o, pl. z8, f. ,_l,
1882; Ibid., vol. 7:31, pl. dr, f. 5a, b, c, 1883.
Lesq., FI. Dakota Group, lO9, pl. _o, f. x-3, I892.
Smith, Geol. Coastal Plain in Ala., 348, 1894Newb., Ft. Amboy Clays, 124, pl. ,3o, f. z- 5, I896.
Knowlton, zlst Ann. Rept. U. S. Geol. Surv., pt. 7:317, pl.

_9, f. 3, I9oi.
Berry, Bull. Torrey Club, vol. 32:46, pl. _e, i9o 5 ; Ibid., vol.
34:204, I9o7.
Hollick, Mon. U. S. Geol. Surv., vol. 5o:1o3, pL 4o, f. '2,
'If,1907.
Desc.rlption.--"D.
foliis oblongo-ovalibus, integerrimis, apice
obtusiusculis, nervis secundariis serpentinis, ramosis, camptodromis."
Heel', 1866.
Leaves oblong-ovate in outline, variable according to age,
ranging from 3 cm. to 15 cm. in length, by I. 3 cm. [o 5 cm. in
greatest breadth, which is in the middle part. Apex subacute or
obtuse. Base cuneate. Margins entire. Petioles rather long
and very stout.
Midrib also stout.
Secondaries branching from
the midrib at usually acute angles, subopposlte or alternate, parallel, camptodrome.
Tertiaries
forming polygonal
areoles,
whose relative prominence is one of the features of this species.
This species, which is quite suggestive of the modern Diospyros
vlrginiana Linnf, was described by Heer from theDakota Group
of Nebraska nearly half a century ago. It has proved to be a
most wide-ranglng form, having been identified at both the Atane
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and Patoot horizons in Greenland ; from various localities within
the Dakota Group, including the Woodbine formation of Texas ;
and with the exception of the fragments from Marthas Vineyard
and Long Island, which are of questionable identity, it is common in either the Raritan or Magothy or homotaxial formations
from New Jersey to Alabama.
Its mast marked character is the prominence of its tertiary
areolation.
It is abundant in the Raritan, occurring both in the
older and younger beds, and is one of the species which points
very strongly to the Cenomanian age of these deposits.
Occu_'e_we.--South Amboy, Milltown.
Collections.--U. S. National Museum, N. Y. Botanical Garden.

D1ose'zr_os

Arae.OYE_SlS Berry.

Phyftites ellipgcus Newb., F1. Amboy Clays, 13o, pl. 24, f. 9,
1896.
,Diospyros amboyensis Berry, Bull. Torrey Club, vol. 36: 262,
19o9.
Description.--Leaves
elliptical in outline, large, 8 cm. long by
4.6 cm. broad; margin undulate; apex rounded, almost retuse;
base broadly rounded', thus cfiffering from the wedge-shaped base
of Diospyros primceva:; midrib strong, although not so strong as
in the latter species; secondaries numerous, 8-1o pairs, regular,
leaving the midrib at an angle of about 45 °, eamptodrome; tertiary venation of large polygonal meshes, finer in calibre tfian in
Diospyros primceva.
Unfortunately
no specimens other than Newberry's original
type have been found, and it is possible that it was an aberrant
leaf of the common Diospyros prirnc_vG some undoubted leaves
of which suggest it in their sum of characters. One of the leaves
which Heer identifies frmn the Atane schists of Greenland as
Fopuh_s t_yperborec_,1 while the apex is partially destroyed and
the tertiaries i_re not shown, is very similar to the species under
Heer,

FI. Foss.

Aret.,

vol. 3, ab. 2; pl. "ag, L 6, I8.
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This

similarity

does

2_3

not

extend,

however,

to the

other leaves identified as this species..
A species of Diospyros
has already been described as Diospyros dliptica by Knowlton,
so that it becomes necessary to" rename the Raritan leaf.
Occurrence.--Woodbridge..
Colleetions.---N.
Y. Botanical

C&LYCI_

Garden.

BIQSPYRII_OR_IS

_wh,

Plate XXIX, Figs. 2-4.
CaIycites diospyri[ormis
39-4 I, x896.
Descrip_io_.--Calyx4ike

Newb.,

F1. Amboy

organism,

width, consisting of a central portion
eter, marked at its center by a small

Io

Clays_ 132, pl. 46, f .

ram.'

to I2

ram.

in

4 ram, or 5 ram. in diamcircle about _ ram. across,

which is the abscission scar where the calyx became detached from
the peduncle.
From the central portion there radiates marginally
.five subequal, rapidly narrowing,
sepal-like, poimedlobes,
In every aspect fl_ese objects suggest the persistent
calyx of
modern species of Diospyros
as well as various
similar fossil
specimens

which

have been referred

to this genus,

and they may

well represent the cMyx of a contemporary
species of that genus,
possibly the abundant Diospyros primeva
Heer.
Occurrence.--Woodbridge.
Collections.--N.
Y. Botanical Garden ....
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Order GI_NTLANALES.
Family ASCLEPIPcDACEZE.
Genus
(Bot.

ACERATES

Eiliott.

S. C. & Ga., vol,

ACERATES

A2d'BOYEN$IS

I : 316, _817.)
_el'vy,

Acetates

sp., Hollick in Newb., Ft. Amboy Clays, I24, pt. 3e, f.
I7; pl. 4z, fi 4, 5, I896,
Berry, Bull. Torrey Club, vol. 34:205, I9o7.
Acetates amboyensis Berry, Ibld., vol. 36:263, I9o9.
Deseription.--Leaves
narrow and elongated, somewhat falcute, lanceolate or linear-laneeolate in outline, 5 cm. to 7.5 era. in
length by 5 ram. to 8 ram. in breadth, gradually narrowed above
and cuneate below. Margin entire, somewhat undulate,
Petiole apparently wanting.
Texture thick. Secondaries numerous, rather angular, branching from the midrib at acute angles,
camptodrome.
There is no reason why this species should not have a specific
name, if only for pnrpeses of intelligent citation.
It is, moreover, perfectly distinct from the other menabers of the Raritan
flora and is easily recognized.
It is confined to the Upper Raritan in New Jersey, but occurs in the Bladen formation of North
Carolina.
Several species of Acetates are described by Heer
from the Greenland Cretaceous.
Occuerence.--South Amboy.
Collectionx.--N. Y. Botanical Garden.
INCERTaE
Genus

SEDIIS.

CALYCITES

(Schizzo
CALYCITE8

Geog.,

Massalongo?
I85o, p. 72.)

PARVU_

Newb.

Calcyites parvus Newb., F1. Amboy Clays, I3I, pl. 46, f. 28, e9.
1896.
• A single Raritan
species
tion under Diospyros.

of Cal3,ci_es

is placed

in its proper
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Description.--CMyx-like
organisms of small size, with 5
radiating, short and rounded sepals (?) from the disk-like central portion, the whole 6 ram. to 7 ram. in diameter.
The botanical affinity of these calyx-like organisms is entirely
a matter of speculation.
That they are the remains of flowers
of some member of the Raritan flora seems quite probable. They
are s_ smai_ and rare that they are often likely to escape observation altogether.
A number of supposed floral remains have been grouped under
this genus, but it would be profitless to discuss any of them in

this place.
Occurrence.--Woodbridge.
Collectlons.--N. Y. Botanical Garden.

Genus
(Oryct,

CARPOLITHUS
Pedemont.

89.

Allioni,
i757, I_, 6.)

C ARPOLITtiUS PRUNIFORMIS Newb.

Carpolithc_,v pruni[ormis
f. 42, 1896.

Newb., FI. Amboy Clays, 133, pl. 46,

Descriptio**.--Organisms
of small size, somewhat irregular in
shape, ovoid, pointed at both ends, longitudinally striated. Found
either singly or united in pairs at their ends by a comparatively
long narrow neck. Length about i. 5 cm. Breadth 7 mm.
These objects, which evidently represent the fndts of some
Raritan plant, are of unknown affinity, They are not rare at tile
\Voodbridge locality, and suggest the pods of sonde leguminous
plant, numbers of which normally bear such pods, while similar
pods occur in other genera, as, for example, in Robiuia, where
the normal pods are of the ordinary, canoe-shape. They are also
remotely suggestive o,f the tubers of Equisetu,a, which are so
often found in the fossil state.
Occurre_ce.--Woodbridge.
Collections.--N. Y. Botanical Garden.
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CarpoI#hus _oribu_dt¢x Nmvb., FI. Amboy Clays, I33, pl, 46. f .
I?-zG 1896.
Hollick, Mon. U, S. Geol. Surv., vol. 5o: iio, pl. 7, f. co,
zz, i9o 7.
Descriptio_,--Capsules
broadly ovate in outline and elliptical
in cross-section, 5 ram. to g ram. in length, by 3 ram. to, 6 ram.
in breadth, apl_rently 5-chambered and dehiscing at the apex.
Before dehiscence the apex appears sharply pointed, .afterward
the fossils, as preserved, show from 2 to 5 sharp teeth.
These capsules occur singly, sometimes attached to a rather stout
peduncle, in other instances they are preserved in pairs, and
Newberry figures one specimen (loc. cir, _. I9) in which the
capsule-bearing branches are apparently dlcho_omously arranged.
These objects occur in considerable abundance at Woodbridge,
N, J., and they are also recorded, by Hollick, from Gay Head,
Marthas Vineyard.
Their botanical affinity is unknown.
Occurrence.--Woodbridge.
Co]lections.--N. Y. Botanical Garden.

CARPOLr_HUS

HIRSUTUS

Newb.

Carpolith_s hirsutus Newb., FI. Amboy Clays, 134, pl. 46, f. s4,
±4 a, 1896.
Hollick, Mon. U. S. Geol. Surv., vol. 50: Ho, pl, 7, f. 3-8,
19o7.
.Carpolith_v spinosus Ho.lliek, Bull. Geol. Soc. Amer., vol. 7: I3,
I895.
Descril_tion,.--Fruits
obovate to elliptical in outline, I cm. to
I. 5 cm_.in length, by 0.6 era. to I cm,. in breadth, attacl;.ed to a
stout peduncle, I era. long, in one specimen. Ornamented with
a corona of prickle-like spines, in various states of preservation,
sometimes complete, tapering and sharply pointed, about 2.5 ram.
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in length; these must have been of considerable consistency to
assure their preservation.
These objects, which seem to represent bilocular capsules or
twincarpels, are common in the clays at Woodbridge, N. J., and
are also recorded in considerable abundance fr_
Gay Head,
Marthas Vineyard.
Their botanical relations are unknown.
0 ccu_'rence.--Woodbridge.
Collection,_.--N. Y. Botanical Garden.

C_OLITHUS

OV.aFO_NISNewb.

Carpollthus ovceformis Newb., F1. Amboy Clays 134, pi 46, f.
z5, r6, I896.
Descriptio_.--Fruits
ovate or slightly obovate in outline,
apparently representing a rather thick-walled capsule, 1.2 cm_ to
2-cm,. in length by o.6 era,. to I era. in breadth, with a pointed apex
and a rounded base. Peduncle short and stout, curved.
These objects are uncommon at the Woodbridge locality and
their botanical relationship is problematical.
Occurrence.--Wondbridge..
Collectlo_**.--N, Y. Botanical Garden•

CAm,omT_us WOOD_RlVCr,
I,rStS Newb.

Carpolithns

woodbridgensis

Newb.. FI. Amboy Clays, 133, pl.

46, f. _2, _896.
Descriptlon.--Fruits
or seeds, 9 mm. to io mm. in length
3 ram. to 4 ram. in diameter, elliptical in shape and with
longitudinal striations.
These forms are of somewhat infrequent occurrence af
Woodbridge locality and of unknown botanical re!ationship.
Occurrence __V_roodbridge.
Collections.--N. Y'. Botanical Garden.
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Genus CHONDROPHYLLUM
(Elem.

Necker.

Bot., voL II., i79o, p, 347.i

CHONDROPHYLLUN[

0BOVAT_JN

Newb.

Chondrophylh_m obovatum Newb., F1. Amboy Clays, 118, pl. 42,
[. _6, eL z896.
Description.--Leaves
small, orbicular or obovate in outline,
1.3 cm. to 2.6 cm. in length, by I era. to 2 era. in greatest breadth,
which is the upper half of the leaf. Margins entire. Apex
rounded, sometimes slightly emarginate.
Base more or less
cuneate. Midrib slender, much attenuated.
Secondaries slender,
about six pairs, branching at acute angles, camptodrome. Areolation polygonal.
These leaves {Grin an inconspicuous element in the Raritan
flora and there is very little ground either for or against their
reference to Chondrophyllum,
The genus is poorly defined and
its relations are problematical.
It seems very probable that it is
composite and its relations have been thought to be with the
Vitaceae and the Araliacea:. One species at least, as the writer
will show in his description of the North Carolina Cretaceous
flora, is not a dicotyledon at all, but is clearly allied with the
modern monocotyledonous genus Pistie,
Occurrence,--Woodbridge.
Collectiona.--N. Y. Botanical Garden.

CHONDROP]_YLLU_f

RETICULATUt_[

HolHck."

Chondrophyllum retieulatum Hollick in Newb., FI. Amboy Clays.
119, ft. 4 I, f. 6, 7, 1896,
Description.--Leaves
delicate, apparently broadly orbicular in
outline, 3 era. to 3-5 em. in length by 3 era. to 4 cm. in breadth,
with broadly rgunded apex and a cuneate base. Petiole present.
stout.
Midrib slender.
Secondaries 4 to 5 alternate pairs,
parallel, slender, branching at an acute angle, camptodrome, distally merging in the tertiary reticulations.
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This species was based upon imperfect specimens which somewhat resemble Cko_drophylhtm orbic_datum Heer.
No additional material is contained in the recent collections and the original locality for ,the type remains unknown.
Occurrence.--Locality
unknown.
Collectim_s.--N. Y. Botanical Garden.

Genus FONTAINEA

Newb.

(FI, Amboy Clays, 1895, p. 94.)
FONTAINEA

Fo_tai_fa grandifolia
1896.

GI1AIgDII_0LIA

lk_¢wb.

Newb., Fh Amboy Clays, 96, pl. 45, _. _-4,

Desc_jiptlo_z.--Leaves may be regarded as bilobate or as diehoWmously compound with bilobate leaflets. The latter are markedly unsymmetrical, linear-laneeolate in outline.
Distall)_ they
are narrowed and obtusely pointed. The base is markedly unsymmetrical, one margin decurrlng for a distance of from I cm.
to 2 cm. below the opposite margin.
The extremely stout midrib
(or common winged petiole of a double leaf) runs straight for
a distance of 5 cm. to 6 cm., at which point it forks dichtomously
at an acute angle, the two stout branches running to the tips.
Internally this fork is naked for a distance of 2 cm. to 3 cm. of
each limb, from which point the inner laminae of the lobes curve
out until the lobe becomes equilateral or even broader on its
inner lamina. The secondary venation is fine; the secondaries,
which are numerous and parallel, branch at a very large angle
and becmne lost in the leaf substance toward the margin, although
they seem to be camptodrome in their final course.
In discussing these peculiar fossils, which are not uncommon
at the Woodbrldge locality, Prof. Newberry compares them with
J4allserites Reichii _ reproducing Sternberg's figure on plate xiv.,
fig. 5. This plant, which came from the greensand of N_edersehcena in Saxony (Cenomanian) was discovered by Reich and
named Fucoides dichotom_,s. Sternberg referred it to Haliser• Sternberg,

FI, d Vorwelt

_ : 34, pl. *'4, [. 7.
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ires because of its fancied resemblance to a recent alga, Haliseris
polypodoideg A'g, This plant is hardly a seaweed and seems to
be congeneric with the Raritan plant. It was, however, much
smaller and differed in other particulars.
Another similar form is figured by Bronn I as Haliserites
Reichii and described by Rossmassler and Gotta as a Chiropterfs.
Scbimper _ refers it to the genus Delesseria because of its resemblance to the modern Delesseria rugcffolia Ag. This plant also is
scarcely a seaweed, in fact, Rothpletz has recently proposed calling it Phy]liles Reichii a. It is exceedingly close to Fonfa_ect
and is probably a dicotyledon.
Still another similar plant is the
one described from the Cenomanian of Bohemia by Velenovsky
as Arabia furcata 4. This undoubtedly belongs to the same genus
as the New Jersey plant and is compared by its describer with
the genera fatropha, Vitex, Cusso*da, etc, It era; hardly he regarded as belonging to the genus A?'alla.
Prof. Newberry states his preference for a relationship with
Hymenaea and Bauhinia and regards the genus Sapindopsis from
the older Potomac as related to the Raritan plant. The two are
entirely distinct, however, and the Raritan plants must remain
for the present, at least, in the form genus Fontainea, to which
Prof. Newberry referred them.
Occurrence.--Woodbridge.
Collections.--N.
Y. Botanical Garden.

NEWBERRYANA
Ngw_?RRvawa

Ha_sma,mia
_896.

_ama

gem nov.
(Newb.)

Berry.

rigida. Newb., FI. Amboy Clays, 35, pl. _, f. z, 3, 5.

Descriptio_.--"Frond
large, bipinnate or tripinnate, flat; central line of pinnm and pinnules traversed by a strong, continuous
*Lethaea geognostica, pl, XXVH[,
Fig. z.
" _Pal. V_gdt, I: t78 and I85, 1869.
* Rothpletz, Zeits. deutseh, geol. Gessell., vol, 48:9o4, t896.
"'FL /_6hra. Kre/def. Th. 3: _3, pl, 4, £ r I884 (AraHa'elegans),
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midrib, from which are given off many fine flexuous, branching
veins. Margins entire, pinnm and pinnules mostly opposite,
plnnules linear, subaeute."
Newberry, I896.
The above is Professor Newberry's characterization
04 this
interesting plant, which he refers to the Hepatica:.
It is,
obviously, not related to the genus Hausmannia, Dunker, which
has been definately proven to be a fern genus _ of the family
Dipteriaeea:, so that I have ventured to, propose a new generic
name, selected in honor of Prof. Newberry. What its real nature
is, I am at a less to say. It is probably a fern, but as its botanical
affinity remains uncertain, t have placed it among: the Raritan
forms of• unknown
botanical affinities, since there are no grounds
,
, x
for retaining *t in the Hepatica:.
Occurrence.--Woodbridge,
South Amboy.
Collectio_s.--N. Y, Botanical Garden.

Genus
(Bull.

TRICALYCITES

Torrey

Club,

not.

Hollick,
2I,

I894,

p. 63.)

'I'RICAL¥CITES PAPYRACEUS Hol}iek.

Tricalycl'tes papyraeeus'Holliek,
Bull. Torrey Club, vol. 21 : 63,
pl. 18o, f, 8, 1894; Ann. N. Y. Acad, Sei., vol. 1I:61,
pl...3, f. 6, 1898; Ibid., 423, pl. 37, f. z, 2; Bull, N. Y.
Bot. Garden, vol. -0:405, pl. 4I, f. 3, 19o2; Mon. U. S.
Geol• Snrv., vol. 5o:1o9, pI. 5, f. 8-12, 19o7; 55th Ann.
Rept. N. Y. State Mus.. 19oI (19o3) p. r5I.
Smith, Geol. Coastal Plain in Ala., 348, 1894.
Newb., FI. Amboy Clays, 132, pl. 46, f. 3o-38, 1896.
Berry, Bull. Torrey Club, vol. 31:8I, pl. z, f. 4, 19o4.
Descrlption,--Well
defined organisms, apparently dicotyle" donous in their affinities and involucral or bracteate in their nature. They consist of a central nucleus which is usually of small
size, friar is to say, I ram. to ,3 mm. in diameter, borne at the
apex of a stout peduncle or stalk, 2 ram. to 5 ram. in length. To
• Richter,

Die Gattung
15

Hausmmmia

Dunker,

Liepzig,

I9o6.

PAL
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this nucleus three membraneous wings are usually attached.
These wings usually diverge from each other at angles of about
45°; they are broadly linear, obovate OF ovate in outline, with
broadly rounded, almost truncate tips and narrowed somewhat
toward the base, the lateral wings being usually somewhat unsymmetrical; the), are marked by fine parallel longitudinal veins
converging toward the base and anastomoslng at intervals.
In
size they range from 0. 5 era. to -0.5 cm'. in length by 2 mm. to io
ram. in width. Both Holliek and Newberry call attention to the
somewhat greater length of the middle wing, whid_ is, however,
far from being a constant character since some specimens fail
to show it, all of the ubngs being of similar size, or the central
wing may even be mucb smaller, as it is in som.e of the Alabama
material, where, along with the normal forms, there occur others
with all of the wings directed upward and the central one ouly
about half the size o.f the laterals.
The botanical relation of these curious objects remains unknown, although they are probably comparable to the bracts so
largely developed in some of the Juglandaceae and Betulaceae,
" or to certain of the winged fruits to be found among the modern
Sapindacem or Dipterocarpacea:.
In the abundant remains from
"rottenville, Staten Island; Gay I-read and Nashaquitsa, Marthas
Vineyard, and Gleu Cove, Long Island, D_r.Hollick has described
another species, Tricalycites major* based on forms which are
usually two winged and with a larger nucleus, the wings reaching
a length of 4 _n. and a width of z. 3 cmv _he same author has
described similar but smaller remai_s from Marthas Vineyard
as Calycites oboz,atus'- and still sn*aller remains from Montauk
Point as Ca_¥citeg alctus a. \x,qlile perhaps from' the standpoint
of the paleobotanist these segregations are permissible or even
desirable, it may be doubted if they express real specific distinctions and not merely individual variations.
T,here is certainly a
suggestion in the forms from, the Tuscaloosa formation of Alabama, which occur with the normal Tricalycites papyraceor_s, that
Ho/lick, Mon. U. S. Geol. Surv., vol. 50, i9o7, p. io8, pl. l7, _gs. I3-22.
2Ibid., p. Io9, /d. P', rbg. 23.
Ibld., p. _09, pl. K, _g. 24.
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or less abortive

or completely

so,

in which instance we get some terms of the series leading to Tricalycites major or to the almost identical smaller forms which
are referred to Calycites obovatus and alatus.
Trfcalycites
papyraceous
is abundant at Woodbridge,
and also
occurs irl the upper Raritan at South Amboy.
tt occurs sparingly at Cliffwood bluff, N. J., and is abtmdant
in the insul.ar
Cretaceous
floras and that of the Tuscaloosa
formation
of Alabama.
Occurrence,--Woodbridge,
Collections._U.
S. National

South Amboy.
Museum, N. Y. Botanical

Genus TRICARPELLITES

Garden.

Bowerbank.

(Hist. Foss. Ft. & Seeds, London Clay, I84o, p. 76.)
rI_RICARPELLITES

Trlcarpdlites

striatua

Newb.,

9-z 3, I896.
Hallick, Mon. 15. S. Geol.

STRIATUS

Newb.

Fl. Amboy
Surv.,

Clays,

132, pl. 4b, f.

voI. 5o: io8,

pl. 7, f. r,

I9o7.
Description.--Fruit-like
2.5 cm. to 4 cm. in length,

objects, irregnlarly
ovoid in shape,
and about 2 cm. in diameter, apparently

enclosed in a longitudinally
striated husk, pointed above, rounded
below, grouped in threes at the star, nit of a stout stem.
These objects are of characteristic
appearance,
and are quite
commo_ in the R_ritan formation
at the Woodbridge
locality.
Their botanical affinity is entirely co.ujectural, and they are wholly
confined to New Jersey, except for a single,
specimen, repo,rted by Holllck, from Marthas
Occurrence.--xcVoodbridge.
Collectious.--N.
Y. Botanical Garden.

very poorly
Vineyard.
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Genus VIBURNUM

FLORA.
Linn6.

(Sp. Pl., I753, P. 267.)
VIBURNUM

INTEGRIFOI.IU_I

Hollick.

Vib_tr_nm_ ilztegrifoIizulz Hollick, Bull. Torrev Club, vol. aI : 54,
pl, -r77, f. 7, 1894; Mon. U. S. Geol. Surv., voh 50: lO5,
pl. 4o, [, ;, 19o7.
Newb., F1. Amboy Clays, 125, pl. 4I, f. _, 1896.
Description_.--Leaves of large size, broadly ovate in outline,
about Ii cm. or 12 cm. in length, by 7.5 era. in greatest breadth,
which is toward the m'iddle of the leaf. .A_pekpointed (?),
Base rounded (?).
Margins entire.
Midrib stout.
Secondaries also stont, 5 or 6 pairs, subopposite, camptodrome,
branching from the midrib at an acute angle and curving upward, connected by numerous straight, transverse tertiar_es,
which are mostly obsolete.
q'his species was based on a single, imperfect specimen, which
Prof, Newberry referred to the genus Viburnum, comparing it
with the modern Vibur_,.um lantanoides, which it does not resemble in the least degree. An additional fragmentary specimen
has been described by Hollick from Glen Cove, Long Island,
which is sufficient to show that the base was pointed or rounded
and not cordate as suggested by Newberry.
There is absolutely no ground for its reference to Viburn_m,,
but rather than attempt a re-identification with such incomplete
material as a basis, Prof. Newberry's name is retained and
the specimen is placed with those of unknmvn affinities, instead
of in the place where [Tib_;'m_m would come in the natural system.
Occurrence.--Woodbridge.
Collections.--N.
Y. Botanical Garden.
Genus WILLIAMSONIA
(Trans.

Carruthers.

Linn. Soc. Lond., vol. XXVI,
WILLIAMBONIA

Williamsonia gmockii
I-8, 1896.

_MOCKII

I868, p. 68o.)

Newb.

Newb., F1. Amboy Clays, 127, pl. 36, f.
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Descr{ptio_.--Indefinit_
floral
orfruit-remains
ofvariable
size.
2. 5 cm. to 4 cm. long, by 2. 5 cm. to 3 cm. in diameter, cylindrical,
apparently cupshaped, and with a siml_Ie margin, whick may be
slightly expanded or contracted; narrawing below to a comparatively slender peduncle. Base and peduncle apparently covered
with scales or small bracts, although the preser_'ation is such that
this is rather inferential.
'Prof. Newberry sees in these objects a not altogether obvious
resemblance to Williamsonia cretacea tleer.
The), may be related to the Cycadales, but this supposition is far from positive,
and they are retained in the genus to. which Pro,f. Newberry
referred them, rather than make a change based upon the slender
evidence available. They are said to be common in the Raritan,
several specimens havinK been fig'ured by their describer, who
failed, ho.wever, to record the exact localky, and no new material
is contained in tbe more recent Raritan collections. '
Occurrence.--Locality
unknown.
Collectiom.--N.
¥. Botanical Garden.

Wn,I,IAMSOma I"_O_L_?_Aa'ZCA
(Newb,)

Ward.

Pal¢anth_*s problemat$cu,_ Newb., FL Amboy Clays, _25, pl. 35,
f. _-9, 1896.
WiIlien_sonia problematica Ward, I5th Ann. Rept. U. S. Geol.
Snrv. 3g2, _895.
Hollick, _¢Ion. U. S. Geol. Surv., vol. 5o:1o7, pl. 5, f. 27-3-',
19o7.
Description.--Fructifications
consisting of a long and stout
peduncle preserved for a len_h o{ 2 cm. to 3 cm. and about 7
cm. in diameter, expanding distally into a discoid conical receptacle, the edge of which is surm_u}_ted by IO-to 2o lanceolate bracts I. 5 era. to 3-5 cm. in length and 2 ram. to IO ram. in
diameter, the whole of a very durable consistency.
These objects are present in considerable abundance in the Raritan days, and Prof. Newberry figures a number of specimens,
although be neglects to mention the localities from which tbey
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were collected. He seems disposed to attach considerable weight
to their resemblance to a helianthoid flower, and points out that
they differ from the typical Williamsonias in the apparent absence of the internal seed-bearing cone. The nature of the remains does not enable one to form a positive opinion, nevertheless their resemblance to well-preserved Williamsonias which are
undoubtedly cycadean, lends more support to a theory of relationship with the latter group of plants than with the essentially
modern Compositm.
The increased interest in the Cycadales
called forth in recent years, has served to establish the cycadean
affinity of a number of species of Williamsonia, and structural
material has in a measure cleared up their morphology, so that
while this order of plants had commenced its final decline in Raritan time, it must be remembered that it was exceedingly abundant in the older Cretaceous deposits of Maryland and Virginia,
and remnants of cycad fronds are by no means uncommon in the
Raritan deposits.
Mauy supposed Williamsonias have been described, most of
those from Americat_ rocks being founded upon exceedingly imperfect material.
Perhaps the form most like the present species
is Williamso_2g ddaware*_ds Berry _ described from the Magothy
formation of Delaware.
It may be questioned if the forms from
Marthas Vineyard which Hollick (loc. eft.) refers to WilliamSO_liaproblematica are not more properly referable to WilliamsoJffa delawarends, This is especially true of this author's figures
29 to 32, while figures .07 and 28 may be lateral views of the
compressed transverse views of the objects described as Williczmso**ia Niesii,
From nearly hon_otaxial horizons
Williamsonia elocate has been described by Lesquereux 2 from the
Dakota sandstone, and Williamao*_ia cretacea has been described
from the Atane beds of Greenland by Heer a. The Williamsonias
described by Ward from the older Cretaceous are all extremely
poor and of doubtful affinities, but Williamsonia virgi_ie*2sis described by Fontaine from the older Potomac of Virginia, is
a Johns
Lesq.,
_Heer,

Hopkins
FI. Dakota
FI. Foss.

Univ.

Circulars,

Group,
Arct.,

No.

I99, 19o7, p. 84, /e 4.

87, pl. _,, _. 9, 9a, 1892.

vol. VI, ._bth.

2:59,

pL re, f. z; pl. I3, f. 9, I882.
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well preserved
and characteristic,
and can scarcely
but the remains of a cycadean fructification.

be anything

Occurrence.--Locality
unknown.
Collections.--N.
Y. Botanical Garden.

Genus PHYLLITI_S Sternberg?
(F1. d. Vorw., vol. 1, i823, p. 390
PFP*'LLI'YES

TRAPAFORMIS

sp.

nOV.

PIate XX, Figs. I, 2.
Descriptiom--Leaf
very small, elliptical in outline,
length, by 4 ram,. in greatest
width, which is about

6 ram. ir_
hall way

between the apex and the base. Petiole missing (if ever preser_t ),
Base evenly rounded.
Margin entire in the lower half of the
leaf, but broken to form five relatively large dentate teeth distad,
the 'central

one,

which

is the

largest

and

most

prom,Snout,

eotrstituting
the. pointed apex of the leaf.
Outside lateral teeth
smallest, and separated by a rounded sinus from the inside lateral
teeth, which, in turn,

are separated

from the apical tooth by shal-

lmv angular
sinuses.
Venation
delicate, consisting
of a thin
midrib and craspedodrome
secondaries branching
from near the
base

on each side and running

to the lateral

teeth.

From

these

there branch, from near their po.int of insertion on the outer
side, camptodrome
veins of the same calibre.
Shorter, inwardlydirected

veins.brkneh

, eamptodrorrm

higher

margiaal

margin of the leaf.
This weU<haraeterized

veins

up.

There

deployed

are one or two thinner
along

the

lower

outer

little leaf, if it is a leM, suggests

_,ari-

ous existing leaflets, such as those of Spircect, Thalictrum,
as well as the floating leaves of some Cretaceous
species

etc.,
allied

with the modern genus Trapa.
There is the further l_ssibility
that the present form may represent either a floral or vegetative
bract of some Cretaee9us
species of unknown botanical affinity,
"Since the type of.this useful form genus is probably a species of
it is probable that it vqill eve_t_ag:_ ha_,e_o be abandoned.
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and for this reason it has been placed in tide comprehensive
genus Phyllites.
Occu_'rence.--South
Amboy.
Collections,--U.
S. National

phy[tites

Museum.

I:)HYLLITE$

UNDULATUS

Newb,,

F1, Amboy

Clays,

broadly

elliptical

undulatus

form-

_ewb.

I3I,

pl. e 4, f. to,

I896.
Description.--Leaf

large,

in outline,

ap-

parently about 7 cm. in length, by 6 cm. in greatest
breadth,
Apex broadly rounded.
Base destroyed.
Margin pronouncedly
undulate.
Venation fine, but distinct,
Midrib slender and flexuaus.
Secondaries
remote, about five pairs, alternate,
branching
at an acute angle, curved, camptodrome.
Tbls species is unfortunately
based

upon

a single

specimen,

which lacks the basal portion.
It is obviously distinct from the
other forms known from the Raritan
formation,
although it may
possibly
Since,
retained

be an aberrant
however,

leaf of Celastrophyllun_

this cannot

in the ambiguous

undulatum.,

be conclusively
genus

signed by Prof. Nenvberry.
Occurrence.--Woodbridge.
Collections.--N.
Y. Botanical

Nhyllites,

proven,
to wbich

Garden.
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Fig. I.--SassMras
Newb., Woodbridge.

q
progenitor

Fig.
z.--Sassafras
bum Lesq., \Voodbridge.

acutilo-

Fig. 3.--Menisper
\Vardianus
HolIick,

mites
locality

tlnl,: llO W 11.

Fig. 4.--Menispermites
borealls
Heer
(?)
bridge.

Woorl-

4

NEW JERSEY GEOLOGICAL SURVEY

3
Fig. i.--Liriodm_dropsis
retusa (Heer) l_olliek, Woodbridge.
Fig. _.--Liriodendropsis
simplex (Newb.) Newb., \\"oodbridge.
Fig. j.--Bau}_inia cretacea Newk, Woodbridge.
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Fig. 4.--Celastrophylltlm
spatalatmz_
Newb..
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Figs 5_;,--Celastroll13yl]um
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IIolliek,
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Fig, r.--Celnstrophyllum
grandifolium Newb., localily ullk13owll.
Fled. 2.--Celastrophyllmn
cret_atum Heer, South Amboy.
Fiefs, S-4.--Smilax
raritanensis
Berry, locality unknown,
Fbd. 5.---Passiflora amiqna Newb., Woodbridge.
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Fig. i'.--Myrsil_e oblongata Hollick_ Somh AInboy (7).
Fig. _.--Myrslne borealis Heer. South And_c2y.
Fiy._.. d. 4.--Myrsine Gaudil_i (Le.;q,) Perry, Sotlth Aml_oy.
Fig. 1-t.--Aralia quiuquepnrtit:l Lesq., _,Voodhridge.
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Figs. _-4.--Et_calyptus
angusta
Velez_., South Amboy,
Fir/. 3.--Eucalyptl_s
angustifolia
Newb., South. Amboy,
FO. 6,--Eucalyptus
attenuata
Newb,,
South Amboy. _
Fi_. Z,---Eucalyptus
Geinitzi
(Heer)
Heer_ _Voodbridge.
Fi_*,. &--Elmalyptus
linearifolia
Berry,
Eouth :\mhoy.
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Fig, r.--Diosl_yros
prim;eva
Heer.
Sotltlt Amboy.
Figs. e-4.--CMycites
diospyriformis
_Newb., Woodbri0ge,
Fig. 5.--Diosp3ros
elllptica
(Ncwb.)
Berry,
\Voodbridge.
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