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EDITOR’S PREFACE.

In submitting the accompanying monograph upon the flora of the
Amboy Clays the editor appreciates fully the delicate nature of his task
and takes advantage of this opportunity to offer a few words of explanation,
in order that the eredit due to the author may not suffer from any want of
care on the part of the editor, and also to define the extent of the editor’s
responsibility.

The monograph as a whole is the work of Dr. J. S. Newberry. It
was almost completed in the antummn of 1890, bLut shortly afterwards
Dr. Newberry became unable, on account of failing health, to put the
finishing touches upon it, and nothing further was done in the matter until
the spring of 1892, when it was turned over to me for completion. During
that interval the manuscript and plates had become disarranged and in
part lost, and the type specimens had suffered from lack of proper care and
precaution in storing and handling. It was under such conditions that T
undertook the responsibility of final revision and preparation for publica-
tion, and it is hoped that they may serve as sufficient excuse for some of
the apparent lapses which may be noticed.

Few alterations have been made in the original text, it having been
thought better to retain Dr, N ewberry’s conclusions, except where

s these had

to be modified or omitted in the light of discoveries made or publications

issued subsequent to the time when he ceased active work. Wherever it
was found necessary to make additions or alterations the fact is indicated

over the editor’s initials in the form of a note. Numerous omissions it has
been found impossible to fill out with the correct data. This is notably the

ase in regard to exact localitios for some n’r the spemm(ns the 1emr<1h of

| Fide letter to Prof. Lester F, Ward, H(\ptunlmr 12, 1890,
13



14 THE FLORA OF THE AMBOY OLAYS.

which are Jost or missing.  In a number of instances manuseript deserip-
tions were found for which there were no corresponding figures on the
plates.  Wherever sucl figures could be su pplied from the named material
in the collection this was done, but in case of the slightest doubt as to the
it[cntity the description was omitted entirely.  Again, it was found that
many of the figures were named but not deseribed, and others were not
even named.  In the first instance descriptions were supplied, and i the
second, wherever such a figure could be identified with its type specimen
in the collection, the name attached to the speeimen was adopted and a
deseription added. In case o name or type specimen could be found for
a figure an effort was made to identity it with some previously deseribed
species, and, failing in that, o deseription was written and an entirely new
name adopted. The respousibility of the editor in all such cases is indj-
cated by his initials; but in order to avoid any possible confusion in the
future the authority for the new name I8 given in each instance after
the name.

I conelusion, I wish to acknowledge my indebtedness to Prof. Lester
F. Ward for assistance in verifying references, for corrections in terminology
and nomenelature, and for b bliographie rescarch, without which the com-

pletion of the work in its present shape would have been im possible,

After the toregoing was written Dr. Newberry

died, and the present
seems to he a proper time in which to give a brief review of his contri-
butions to fossil botany.  Accounts of his general scientific labors Lave
been so taithfully given elsewhere by many friends and former associates,
m various publications and in the records of scientific societies, that g
repetition of them here would be superfluious.  The editor will therefore
confine himself sole] YV to an account of Dy, Nuwbmw-y'ﬂ aetivity in the line

of paleobotan V.
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JOHN STRONG NEWBERRY, M. D.. LL. D,
CONTRIBUTIONS TO FOSSIL BOTANY,

Dr. Newberry was born in Windsor, Conn., December 22, 1822, and
died in New Haven, Conn., December 7, 1892,

His earliest published scientific papers bear the date of 1851, and in
1853 the first of his contributions upon the subjeet of fossil botany was
published.  This bears the title “Fossil plants from the Ohio coal hasin,”
and was published in the Annals of Science, Vol. 1, Nos. & and 9 (Cleve-
land, Ohio, 1853), pp. 95-97, 106-108. During the same vear he read
papers before the American Association for the Advancement of Science
“On the stracture and affinities of certain fossil plants of the Carboniferous
era” and “On the Carboniferous flora of Ohio, with deseriptions of fitty
new species of fossil plants.”

His next important investigations were in the fossil floras of the West, in
connection with the Pacific l\dl]nm(lle]mlr in 1856 the Macoml ex cploring:
expedition, in 1859; the Ives expedition, in 1861; the Northwest B:mndar}'
Commission, from 1859 to 1863: and the Raynolds expedition, from 1859
to 1860.  After this followad numerous iny estisations in the later extinet
(Cretaceous and Tertiary) flovas of North America. which finally resulted
in the publication of “Notes on the later extinet floras of North America,
with deseriptions of some new species of fossil plants from the Cretaceous
and Tertiary strata,” in the Aunals of the New York Lyeceum of Natural
History, April, 1868. These deseriptions were not accompanied by figures,
but the plates were subsequently prepared, and were 1~+1m4<l i 1878 hy The
United States Geological and Geographical Sur vey of the Teritories
(K. V. Hayden in charge), under the title “Ilusirations of Cretaceous and
Tertiary Plants.”  Dr. Newberry's deseriptions were not neluded, and the

names to the figures were supplied by Prof. Leo Lesquereux.  Dr. New-

berry would never acknowledge any responsibility for this work.

In 1873 the volumes of the Ohio Geological Survey were published,

containing the results of Dr. Newberry’s previous inv estigations in the

tossil flora of the Carboniferous formation in that State, and in 1878

the rich flora of the New Jersev Cretaceons clavs attracted his attention,
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which finally resulted in the preparation of this monograph.  During the
progress of this vestigation several contributions upon the subject were
presented before the Torvey Botanical Club of New York, which were pub-
lished in the Bulletiy, of the club. Two of the most important of these were
“Deseription of g species of Rauhinia from the Cretaceous clays of New
Jersey” and “The ancestors of the tulip tree,” published in 1886 and 1887,
respectively.  is work upon the New Jersey Triassic fishes and plants
appeared in 1888 as Vol. XIV of the Monographs of the United States Geo-
logical Survey, and the last of his works to reach the printer’s hands was
“The flova of the Great Falls coal field, Montana,” published in the Amerp; Cill
Journal of Science in 1891

Seattered through the volumes of this latter journal, the Transactions
and Annals of the New York Academy of Sciences, Bulletin of the Torrey
Botanical Club, Bulletin of the Geological Si.‘.:(t]'ety of America, Prucuerlil.lg-s
of the American Association for the Advancement of Science, Proceed-
ings of the United States National Museun, Smithsonian Contributions to
K]‘ln\\-’]cdg‘e, Science, Nature, and other less-kunown publieations, may be
found his other contributions. TIle also contributed the article on ossil
Botany to the first edition of Johuson’s Universal Cyclopaedia in 187 7, and
left behind him several works and many notes in manuseript, which the
editor hopes may some day be collected into proper shape for publication.
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THE FLORA OF THE AMBOY CLAYS.

By J. S. NewBERRY.

INTRODUCTION.

The so-called Amboy Clays take their name from Perth Amboy and
South Amboy, places in New Jersey which are nearly in the center of an
area dotted over with clay pits from which are taken potters’ clay, fire clay,
paper clays, ete. These clays constitute an important item in the mineral
resources of the State. The formation which includes them is gome 850
feet in thickness and forms the basal member of the Cretaceous group as
it is developed in the State of New J ersey. ',mﬁl—)ijélﬁiicinbdl' of the
Cretaceous series consists chiefly of sands and greensand marls, the latter
being largely used as fertilizers. These sands and marls contain abundant
marine fossils, many of which have been found in the Cretaceous rocks of
the Old World, and they have been proved by the investigations of Morton,
Meck, Whitfield, and others to be the equivalents in geological age of the
White Chalk of England.

The Amboy Clays, to which our attention is now more particularly
directed, outerop in a belt extending diagonally across the State, forming
the east hank of the Delaware River for a long distance above and below
Philadelphia, leaving the Delaware at Trenton and stretching across the
State at its narrowest point to Raritan Bay, and thence, passing over
the southern portion of Staten Island, where, as in the State of New
Jersey, they are largely worked for economic purposes. They are then
mterrupted by The Narrows and New York Harbor, as well as by the
crystalline rocks whieh occupy New York Island and underlie the northern

21
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portion of Brooklyn and the adjacent shores of Hell Gate. Eastward of
this the Amboy Clays arve generally covered with drift, but they reappear
at Glen Cove, Sea Cliff, and various other points on the north shore of
Leng Island, where it has been deeply cut into by glacial action and is
now occupied by inlets from Long Island Sound. Possibly the whole
length of Long Tsland is underlain by the Amboy Clays, as characteristic
tossils have been found in the moraine on the extreme end of Montauk
Point. TFarther east, the clay series reappears on Marthas Vineyard and
forms part of the noted cliff of Gay Head. Again interrupted by the
waters of the ocean, it apparently reappears in the southern counties of
Massachusetts, and it was described by Prof. Edward -Hitcheock in the
reports of the geological survey of Massachusetts, though its geological
equivalents were not recognized.

The southern extension of the formation has not been definitely traced,
but it apparently thins out southward, appearing as an insignificant element
in the series in Cecil County, Md,, where Professor Uhler has described it
as the bed of “alternate sands and clays” which there rests on the Potomac
and is overlain by the equivalents of the Cretaceous marl beds of New
Jersey. South of this point it has not been recognized.

In New Jersey the Amboy Clay series is generally underlain by the
Triassic red sandstones, which have heen proved to be of the age of
the Keuper or Upper Trias in Europe.

The Amboy Clays are for the most part an estuary deposit. This is
indicated by the presence of brackish-water shells, Corbicula, Gmnathodon,
etc., described by Prof. R. P. Whitfield in his report on the Brachiopoda
and Lamellibranchiata of the Raritan Clays and Greensand Marls of New
Jersey, which forms Vol I of the Report of the Geological Survey of
that State,' made under the direction of Prof. George H. Cook. Near the
top of the series, however, marine shells ocour in the vicinity of Keyport,
N. J., such as Inoceramus, Pholadomya, etc., found in the greensands
above® This evidence shows that the New J ersey clays oceupy a position
E_lelf the edition of \"01..1.\', Monographs ut: the 17, 8, C;eul. Survey, Washington, 1885,
issued by the Geological Rurvey of New Jersey, with a separate title page of later date (1886).,

*Since this was written the ocenrrence of a marine mollnsean fauna associated with the charac-

teristic flora of the Amboy Clays, in drift material, has alzo been noted by me on Staten Island (‘I'rans,
N. Y. Acad. 8ei., Vol. X1, pp. 96-104, Febrnary, 1892).—A. H.
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lower than the Kuropean Chalk and higher than the upper member of the
Trias. Such other evidence as can be gained in regard to their precise
geological age must be derived from their abundant plant remains, among
which are a number of species that are common to the Dakota sandstones
of the interior of the continent, to the Atane and Patoot beds of Green-
land—known to be Upper Cretaceous—to the Cretaceous clays of Aachen,
Germany, and to the Upper Cretaceous rocks of Bohemia.

The relation of the Amboy Clays to the Potomac formation of Virginia
is not easily demonstrated, as the line of junction has not heen fully traced,
but we may say that the Potomac is the more ancient formation, and that
probably a somewhat long interval of time separated the epoch of the
Potomae group from that of the Amboy Clays. This is indicated by
the almost entire distinctness of the floras of the two formations, which
shows that a great change took place during that interval in the character
of the vegetation which clothed the eastern shore of North America.
Professor Fontaine has deseribed, from the Potomac group of Virginia and
Maryland, 365 species of plants, of which not one is certainly found in the
Amboy Clays; and the difference in the character of the vegetation is
shown by the fact that in the long list furnished by Professor Fontaine
there are but 75 angiosperms (about one-fifth of all), whereas in the New
Jersey clays, throwing out fragmentary and doubtful remains, of 156
described species all but 10 are dicotyledonous plants.

The relation of the Amboy Clays to the Dakota group can be much
more definitely determined, for the proportion between the angiosperms
and lower plants in the Dakota group is about the same as in the Amboy
Clays, showing a similar stage of progress in the development of plant’
life. We have already obtained 12 species common to the two formations.
a8 number that will undoubtedly be considerably augmented with the
further exploitation of the Amboy flora. The Dakota group is known to
occupy about the middle of the Cretaceous system. Until recently it was
supposed to be the basal member of that system as developed on the North
American continent, and it was believed that until about the middle of the

'"This was written previous to the publieation of Lesquereux’s Flora of the Dakota Group, edited
by F. 1. Knowlion, and my discoveries in the (retaceons of Staten Island and Long Island, We are
now enabled to identify at least 40 species as common to the two formations.—A., H.
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Cretaceous period our continent had remained above the ocean level; but
it has been shown recently that considerable areas of North America are
occupied by sediments deposited from the Cretaceous sea before the date
of the Dakota formation, and that on the northwestern coast, on Queen
Charlotte Island, and in the Shasta group in California we have accumula-
tions of sediment that took place before the Dakota sandstones. Mr. R. T.
Hill and Dr. C. A. White have demonstrated that a considerable portion
of the State of Texas is underlain by rocks that arve the equivalent of the
Neocomian or Lower Cretaceous of the Old World. Very recently, too,
Sir William Dawson has found in the fresh-water coal-bearing deposits of
western Canada fossil plants identical with some from the Kome group or
Lower Cretaceous of Greenland; and a much larger collection of fossil
plants obtained by the writer from the coal hasin of the Falls of the
Missouri in Montana, collected by Mr. R. 8. Williams, contains many
Kootanie or Lower Cretaceous plants, and, what is of st greater interest,
a number of species that have been deseribed by Professor Fontaine from
the Potomac group of Virginia. Thus the conclusions of Professor Fon-
taine as to the Wealden age of the Potomae are strikingly confirmed.
His arguments in favor of this view were that the Potomac flora was most
like that of the Wealden of Europe, a few of the species being apparently
identical, while it had nothing in common with any other flora known. To
this 1 ventured to add the suggestion that it could hardly be Jurassic, as
claimed by some writers, since in no part of the world had angiosperm
plants been found in the Jurassic, though in Europe the Jurassic rocks
had yielded great numbers of plants and the flora had been carefully
studied. Now the finding of species identical with those of the Potomas
i the Great Falls basin, and with them plants found in the Kootanie of
Canada and the Kome deposits of Greenland, seems to place the question
beyond doubt.

CHARACTERISTICS OF THE FLORA.
It is evident that it is vet too early finally to review and discuss the
botanical character and relations of the flora of the Amboy Clays. T have
now before me as I write 156 species of plants that have been described;
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and among the material that is suggestive rather than mstructive—frag-
ments and indications of other species not sufficiently well represented to
be described in full—there are perhaps 30 other species, including seeds
and fruits, of which the connection with the plants that bore them is con-
Jeetural. Most of the species enumerated in this list are represented by a
large number of individuals, and the degree of preservation of the speci-
mens is such that it is very satisfactory material for study as far as it Zoes;
but it is evident that only a beginning has been made in gathering the
fossil plants of the Amboy Clays, and probably for years to come consider-
able additions will be made annually to that flora, so that the present
memoir can be properly regarded as only the commencement of a great
work.  The partial view of the subject here given will he recognized by
all those who are interested in it, and not too much weight will be given to
such portions of the memoir as consist in deseriptions of unique specimens
or fragmentary material.

Some special difficulties have stood in the way of making collections
of the plants of the Amboy Clays. These clays have come to be a most
important element in the resources of the State, and they are the basis
of a great industry. The clay beds have been opened at a great number of
points, and as the different layers are the produets of changing physical
conditions, and probably mark the lapse of considerable intervals of time,
it is not strange that many differences should be noticeable in the fossil
plants of the various beds.

The greater number of the fossil plants now deseribed are from the
middle bed in the series—the Woodbridge clay bed—while we have not a
few of the plants characteristic of the lower or Raritan beds, opened at
Sayreville, and of the upper or South Amboy beds.  Not enongh material
has been obtained from the South Amboy and Sayreville beds, however, to
enable us to form a clear idea of the phases of vegetation prevalent at the
time when these different deposits were made.  We have learned that there
is certainly considerable difference in the grouping of the plants in the
three beds, and it is also probable that there are species which are not onl y
characteristic of but confined to each of the three great divisions of the
clay series. |
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The Sayreville beds, if not the first opened, were those most largely
worked in the early history of the elay industry, and our first collections
were made from this deposit. Dr. N. L. Britton, then my assistant in the
geological department of the School of Mines, took a special interest in
the subject, and brought in from the banks of the Raritan River a large
amount of material which at first view was particularly attractive and
interesting. The fossil plants were represented by a considerable amount
of carbonaceous matter that was of a jet-black color, and this contrasted
well with the dove-colored backeround of the damp elay, so that the leaves
as they were taken out resembled strong and handsome lithographs.  Mr.
Arthur Hollick, a graduate of the School of Mines and a skillful deaf tsman,
was on hand at that time to make sketches of some of this material, and it
was fortunate that thiz was possible, because these heautiful plant impres-
sions proved to be in many cases evanescent and temporary. The sheet of
carbonaceous matter which covered the area of a leaf, having been her-
metically sealed in the plastic clays, had lost little of its substance and
was a relatively thick sheet of lignite. This contained a large quantity of
water, and when the specimen was dry the material shrank and season-
eracked so that it could often he blown away with the breath, leaving only
a faint impression that was nearly invisible. Efforts were made to preserve
these specimens by various devices. They were varnished, coated with
gum, saturated with paraffin, with glycerin, with water glass, all without
success, and we had the mortification of repeating the experience of the
merchant whose story is told in the Arabian N ights, who, receiving what
seemed beautiful new coins from a necromancer, found on going to his
money drawer the next day that all his bright coins had resolved themselves
into dried and withered leaves.

The same thing had happened before, for the leaf impressions in the
Amboy Clays had early attracted the attention of Professor Cook, at that
fime the head of the Geological Survey of the State, and he had caused
many of them to be collected. When my attention was drawn to the sub-
ject and I went to New Brunswick to examine the material that had been
gathered into the cabinet of Rutgers College, T found that nearly all the
specimens had perished in the way T have deseribed and were inde-
terminable.
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This experience caused us great disappointment, and T became nearly
hopeless of being able to accumulate such representatives of the Amboy
Clay*flora as would suffice for careful and deliberate study, and, what was
of primary consequence, should remain as types and standards for future
comparison. Nothing has contributed more to the confusion and uncer-
tainty that has prevailed in the literature of natural history than the loss
of type specimens, and no solid and substantial progress could be made in
the study of this flora if the material were to perish in the using.

The truth of this statement is abundantly proved by the uncertainties
that hang over the first efforts to investigate this flora. The fossil plants
collected by Professor Cook were submitted to Mr. Leo Lesquereus, of
Columbus, Ohio, the eminent paleobotanist, and his report upon them is
given on page 27 of the Report on the Clay Deposits of New Jersey,
which forms one of the reports of the Geological Survey of the State,
issued in 1878. His report will be referred to in detail on another page.
It begins as follows: “The specimens, very numerous, badly preserved,
from Sayreville and other localities, have, * * * * g0 far as they
are determinable, the characters of the flora of the Dakota group.” He
attempted, however, to determine the species, and reports a list which T
shall give further on. The material submitted to him I had an opportunity
of examining, and, as before stated, found it to be practically worthless.

At this stage of our experience, and when we were much discouraged
in our efforts to gather and study the remains of the clay flora, Dr. Britton
fortunately discovered at South Amboy a layer of the clays in which the
leaf impressions carried very little carbonaceous matter—simply enough to
color the area of the leaf with a coffee-brown tint. These impressions we
found to be permanent, and sinee that time our efforts have heen mainly
directed to the discovery of such layers in this and other clay pits and the
gathering of material of this kind. A similar layer was discovered by Mr.
L H. Woolson at W oodbridge, and this has furnished perhaps three-fourths
of all the specimens which are figured and deseribed in this memoir. From
Sayreville we have as yet obtained no leaf impressions of this character,
and the treasure which there lies entombed is for the most part intaet, and
We must discover some method by which the specimens from this locality
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and from similar beds in other clay pits can be preserved before they can
be satistactorily studied. ,

The circumstances detailed above have limited the accumulation of
material for examination, and it should also be said that the limited appro-
priations at the command of Professor Cook made it impossible for him to
pay for the thorough examination of all the hundreds of clay pits which
have been opened in the clay belt. Thus it is that the study of the Amboy
Clay flora has progressed slowly and the greater part of the work is yet
to be done.  As the clay pits in New Jersey are destined for hundreds of
years to be an important source of wealth to the inhabitants of the State,
it is certain that the work of excavation will go on for a long time to come,
and should means be provided for making the necessary collections and for.
the publication of the results of their study, we may hope and expeet that
ultimately the Amboy Clay flora will be thoroughly investigated, and the
results of such investigation be one of the most important and interesting
contributions to the history of vegetation on the globe.

As the report of Mr. Lesquereux, veferred to above, was the first
contribution made to our knowledge of the Amboy Clay flora, it deserves
some further notice.  The list of plants which he gives is as follows:

1. Pettit's clay bank, near Washington, [South River].

Sterculia, undetermined speeies. Proteoides daphnogenoides.
Rootlets of Bqguisetnm, Platanus Heerii Lesq.
Andromeda.

2. Sayre & Fisher's clay bank, at Sayreville.

ilyptostrobus gracillimus Lesq. Lanrus species.

Sequoia condita Lesq. Persea nebrascensis Lesq.
Sequoia Smithsiana Heer (sic), Daphuoophyllum ¢

Sequoia subulata Heer. Salix protemfolia Lesq.
Araliopsis, undeterminable. Proteoides daphnogenoides Heer.
Magnolia alternans Heer. " Proteocides, undeterminable.
Magnolia Capellinii Heer, Sterculia species.

Cinnamomum Heerii Lesq.

3. J. K. Briek’s clay bank, Burts Creek.
Sassafras (Araliopsis), A Sequoia with thick leaves.
Seed of conifer. Sequoia Reichenbachi,
Rootlets.
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4. Mrs. Allew’s elay pit, South Amboy.

Quercus, dentate leaves. Andromeda.

{Dryophyllum). Cinnamomum Heerii Lesq.
Sterculia, same as above. Sequoia rigida Heer,

Myrica, or Lomatia, Sequoia Reichenbachi Heer.

Salix protemfolia. Leaves of a peculiar new kind of fern.

In looking over this list T find that only the following plants have been
identified in our collections: Magnolia alternans, Proteoides daphnogenoides,
Salix protecfolia, Andromeda Parlatorii, Sequoia Reichenbachi, and Glyplo-
strobus gracillimus Lesq., the last, as shown on another page, not being a
Glyptostrobus. The concluding note of Mr. Lesquereux’s report is: “These
specimens are few and poor, and therefore the determinations are not
positively ascertained,” much of the uncertainty being due, as before men-
tioned, to the very bad condition of the material. A number of species are
mentioned in his list which we have never been able to recognize in any of
our collections made from the New Jersey clays, though it is, of course,
possible that in a flora so rich as this they may be discovered hereafter.

To refer to certain plants in the list which we have specially sought
without finding, we may mention Plantanus Heerii Lesq. and Sequoia condite
Lesq., both of which are plants of the Dakota group.  “S. Smithsiana
Heer” is undoubtedly intended for S. Smittiana from the Lower Cretaceous
(Kome) beds of Greenland, which occurs in the Kootanie group, and is
almost certainly not a member of the Amboy flora. The same may be
said of S. subulata Heer and Magnolia Capellinii, which are likely enough to
be found in the Amboy Clays, though we have not seen them. They are
very widely distributed and ought to be here.  Cinnamomum Heerii Lesq.
is perhaps the species which we have called C. intermedium. Tn ¢ Heerii
the leaf iy broader, less wedge-shaped, and more prominently three-nerved.
Sassafras is perhaps our species S. progenitor or S. acutilobum Lesq., both of
which occur not ravely in these beds.  Sequoia rigida Heer is not like any
species we have seen, and as it oceurs lower in the series it is doubtful if it
has been found in New J ersey. Sequoia Reichenbachi is a species of great
vertical and lateral range, ocewrring on Vancouver Island, in the Laramie

group of the West, in the Cretaceous beds of Greenland, both lower and
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upper, and throughout the continent of Europe where the plants of the

upper half of the Cretaceous system have been gathered.
BOTANICAL CHARACTER OF THE FLORA.

In the present memoir, including fruits and flowers, 156 species of
plants are deseribed. Of these, one is apparently a seaweed (Chondrites
Aexwosus).  Hausmanwio and Czekanowskia are of uncertain botanical affini-
ties, and Baiera, of which, as of the others mentioned, we have one species,
is probably a conifer. Leaving out these doubtful elements, we find that
of ferns there are 8 species; of conifers, 17; of cycads, 5; and all the
others are dicotyledonous angiosperms.  Of these, as has been already
mentioned, the botanical rank is high—as high, probably, as that of an
indiscriminate selection from the same number of arborescent plants' taken
from the living flora of the State of New Jersey would be. Ilereafter,
when more material shall have been gathered and this more carefully and
wisely studied, it is probable that some changes will be required in the
botanical balanee of this ora; but it is evident that no discoveries hereafter
to be made will greatly change its aspects. Changes will be made in the
genera enumerated, species will be united or broken up, and the addition of
groups of plants from layers which have furnished us little or nothing will
doubtless color the result; but we can hardly imagine that the conclusions
here announced will be greatly modified.

As we look over the subjoined list of plants it will be seen that among
them there are no palms. This is in accordance with all the observations
hitherto made elsewhere upon the flora of the Lower and Middle Cretace-
ous. Mr. Lesquereux has doubtfully announced the discovery of a palm
(Flabellaria? minima) in the Dakota group of the West (Cret. Flora, p. 56,
Pl XXX, fig. 12), but by reference to his figure and description it will be
seen that no important conclusion can be based upon material so doubtful.
We may say, therefore, that up to the present time no remains of palms
have certainly been found in the Middle and Lower Cretaceous rocks.
This is one of the many surprises we meet with in this connection, since
palms are considerably lower in the botanical scale than the dicotyledonous
plants, the remains of which are here so abundant, and it may perhaps be
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explained by the supposition that no Middle Cretaceous rocks have been
opened in districts where tropical or subtropical climatic conditions pre-
vailed. 'This, however, is unsatisfactory, for the Lower Cretaceous rocks
have been opened in all quarters of the world and plants have been col-
lected from them; and the Dakota flora gives evidence from all sources
that it is that of a warm temperate climate, and that the climate was in the
same localities afterwards warmer, since palms, which may be accepted as
an evidence of a warmer climate, are so abundant in the Laramie and
Tertiary beds.

From the conditions under which the Amboy Clays were deposited,
that is, in estuaries of no great extent, surrounded by land covered with a
dense vegetation, and from the nature of the deposits, largely fine elay
which subsided in the quiet water, we should expect to find here the
remains of herbaceous plants as well as arborescent, and vet so far they
have been congpicuous by their absence.

Again, we should have anticipated the preservation of insects in large
numbers—dragon flies, at least, which were so numerous in the Jurassic
age as to leave multitudes of representatives in the Solenhofen slates—and
vet, though we have searched for them most carefully, no definite remaing
of ingects have yvet been discovered. Flowers were there in abundance,
and why the insects have not left any proof of their existence is a mystery.
That insects existed in great numbers as carly as this is proved by the fact
that in the St. Btienne coal basin in central F rance, in rocks of the Car-
boniferous age, Mr. Charles Brongniart has obtained over 1,300 species of
insects.

GEOGRAPHICAL DISTRIBUTION OI' THE FLORA,

In this installment of fossil plants from the Amboy Clays, out of 156
deseribed species, about 50, or one-third of the whole number, are deseribed
by Heer from the Cretaceous rocks of Greenland. InV elenov.qk}'r’s Flora
der Bohmischen Kreideformation I find ¢ that I regard as identical with
those that we have from New J ersey. In the Dakota group, out of 460
described species, there are at least 40 which seem to occur in the Amboy
Clays; and I have identified 3 positively, and several others presumably,
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of our New Jersey plants in the Cretaceous beds of Aachen. The flora of
the Aachen clays has never been fully deseribed. Debey and Ettings-
hausen hegan to illustrate it, and published two parts of a proposed
monograph. These included T]mllc»phytes and ferns, but the conifers,
cycads, and angiosperms were left untouched; at least, though partially
studied, they were not figured or described. To make the comparison
which it was impossible to do through books, I at one time took oceasion
to go to Aachen, and had the privilege of examiuing a very considerable
portion of the collections made by Dr. Debey. 1 found that the formation
there resembles our Amboy Clays very much lithologically, and some of
the strata are of economic importance and have been extensively worked.
Unfortunately, the spread of the town has covered most of the pits where
excavations were made, and hereafter it will be impossible to enjoy the
opportunity possessed by Dr. Debey, who for twenty-five years was a
practicing physician in Aachen and had in his pay the men employed in
the clay pits, so that the collections Lie made were very large. These have
sinee been made up into sets and sold.

In the few hours I spent in the examination of D Debey's plants it
was impossible for me to make the systematic comparison with the Amboy
flora that is desirable, but that will doubtless be made in time, when some-
one takes up the work begun by Dr. Debey and gives a full description of
the plants he found. I was greatly interested to see the general corre-
spondence in the character of the floras, and to identify with certainty such
plants as Moriconia cyel otowon, Cunninghamites elegans, Asplenium Foersteri, ete.
The number of identical species will undoubtedly be largely augmented,
and there can be no mistake about the parallelism of the two formations.

Dr. Charles Tlorion, of Liege, has given a lucid explanation of the
structure and relations of the Aachen beds in his Notice sur le Terrain
Crétacé de la Belgique (Bulletin de la Société Géologique de France, 2
Série, Vol. X VI, p- 635), and has shown that the formation of that region
covers the upper half of the Cretaceous system, the upper member being
the Maestricht beds, which is the summit of the system, while the beds at
Aachen, though all mechanical—clay, sands, ete.—range down to about its
widdle, or form the equivalent of the Upper Greensand of England.
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The mode of accumulation of the beds at Aachen seems to have been
similar to that of the Amboy Clays and the Potomac group; that is, they
are local estuarine beds resting upon Paleozoic rocks and composed of the
wash of the neighboring land, in which were buried great numbers of leaves
and trunks of the trees which grew upon that land. The trunks are now
converted into lignite, and they are as conspicuous an element in the lithol-
ogy of the group as in New Jersey. Dr. Debey supposed that his colleetion
contained 300 to 400 species of angiosperm plants. This is perhaps an
exaggeration, for he included in his list a great many doubtful fragments;
but when the floras of the Aachen beds and those of the clays of New
Jersey shall be fully studied and illustrated it will undoubtedly be found
that the botanical aspects are the same, and that there are perhaps as many
species identical in the two formations as in those of Greenland and New
Jersey. Tence, we may fairly infer that the collections of plants from the
New Jersey clays, the Dakota group, the Patoot and Atane beds of Green-
land, the Aachen series of Germany, and the plant-bearing Cretaceous rocks
of Bohemia fairly represent the vegetation of the world during the middle
and latter portions of the Cretaceous age.

MON XXVI—3



DESCRIPTION OF SPECIES.

CRYPTOGAMIA.
THALLOPHYTA.
Order CHONDRITEZ.
Croxprites rLexvosus Newb. n. sp.
Pl I, figs. 1, 4.

In various localities the Amboy Clays are found penetrated in every
direction by vegetable fibers which are imperfectly shown in the figures
now given. These specimens are evidently the remains of fresh-water
fucoids or sponges. They are apparently not the rootlets of aquatic plants,
because they are not found connected with any stems, and they should
apparently be classed with similar organisms which have in different forma-
tions been generally included in the genus Chondrites and have been
supposed to be Thallophytes. No detailed deseription of these specimens
is necessary, but they will bé recognized wherever found by the figures now
published.

In Debey and Ettingshausen’s Die Urweltlichen Thallophyten von
Aachen,' PL 11, figs. 6 and 8, similar organisms are represented, to which
our specimens are closely allied. They differ, however, in the long and
flexuous tendrils, which are less distinetly connected with a parent stalk.

Localities: Sayreville, W oodbridge, ete.

tDenkscliriffen d, Akad, Wiss., Bd. XVI, Wien, 1850,
H
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BRYOPHYTA.
Order HEPATICZAE.

Havsmanyia rigipa Newb. n. sp.
Pl 1, figs. 2, 3, 5.

Frond large, bipinnate or tripinnate, flat; central line of pinne and
pinnules traversed by a strong continuons midrib, from which are given off
many fine, flexuous, branching veins. Margins entire, pinnge and pinnules
mostly opposite, pinnules linear, subacute.

This interesting plant is not uncommon at South Amboy, and a single
fragment of it has been found at Woodbridge. It is evident, however, that
it belongs to the upper beds of the Amboy Clays, and was an inhabitant of
the region around New York Harbor only in the last half of the Amboy
epoch of the Middle Cretaceous period.

It closely resembles Hausmannia dichotoma of Dunker (Monographie
der Norddeutschen Wealdenbildung, p. 12, PL V, fig. 1; PL VI, fig. 12),
but is far more exact and regular in the divisions of the frond, and they
are not dichotomous. In regard to the botanical affinities of this plant, our
specimens do not solve the problem. In my judgment, it is a fern or
hepatic, though no living fern comes very near to it.

From a resemblance whicl appeals rather to instinet than reason, I
have been led to think it possible it was a higher kind of hepatic, a Mar-

- chantia, for example, lifted from its ereeping condition into an independent
and ercet plant, trained and disciplined into symmetry by the oceult influ-
ence which has given such grace and exactuess to the foliage of ferns,
lycopods, and some conifers.

Probably future collections will solve this problem, but until the
fructification shall he found, this il remain.one of the most puzzling
forms of extinet vegetation.

Among fossil plants Rachiopteris (formerly Schizopteris) seems to
me to be most like Hausmannia, but no species of that genus shows any-
thing like the regularity and symmetry of structure which are conspicuous
characters in the plant before us.

Localities: Woodbridge, South Amboy.
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PTERIDOPHYTA.
Order FILICINZE,
GLEICHE.\.TIA C}IESEKIAI\"A ‘Heel"?.
PlLVoific 12

Gleichenia (iesekiana IMeer, Fl. Foss. Aret., Vol. T, p. 78, P1. XLITT, figs. 1 a, b, ¢, 2 a,
3 a, b; PL XLIV, figs. 2, 2¢, 3; Vol I, Part 11, p. 43, PI, IIL, figs. 1d, 8; PI,
VI, fig. 1; Vol. VI, Abth. IL, pp. 6, 35, PL T figs. 9a, 9b; PL XTTL, figs, 4, 4b,
Among the fragments of fronds of Gleichenia there are some which
agree in all essential particulars with the speeies named above, but the
material is too fragmentary and imperfect to Justity any positive assertion
of identity. The plant is much larger and stronger than that which I
have referred to G. Zippei, the pinnze having a length of 10™ to 129m and
the pinnules being from §m» to 12mm iy length.  Better specimens will
undoubtedly be obtained hereafter, and will permit a more satisfactory
comparison with described species. All we ean now say with certainty
is that a relatively large species of Gleichenia was an element in the Cre-
taceous flora of the country surrounding the mouth of the Hudson, and in
any catalogue of the plants constituting this flora this demands a place.
Locality: Woodbridge,

GLEICHENIA MICROMERA Heer?,
PL III, fig. 6,
Gleichenia micromera Heer, Fl, Foss. Aret., Vol. ITL, Part I1, p. 55, P1. X, figs. 14, 15.

We have obtained a few fragments of a fern which is more like the
species to which Heer gave the above name than any other, living or fossil.
The plant was very delicate, the fronds flexuous, the pinn:e narrow, linear,
leaving the rachis at a right angle, the pinnules ovate or oblong, not more
than 2™ op 3um ip length.

The material before us is too imperfect to suffice for satisfactory com-
parison, and yet we have here traces of a very beautiful and distinetly
marked plant which deserves recognition as one of the minor but more
attractive elements in the Amboy flora,

Locality: Sayreville,
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GLeicHeNiA Zirrer Heer 2.
Pl 111, fig. 5.

Gleichenia Zippei Heer, F1. Foss. Aret,, Vol. T, p. 79, PL XLIII, lig, 4; Veol. ITI, Part
IL p. 44, PL IV, figs. 1-5; PL V, figs, 1-9; PL VI, figs. 1-3; PL VI, fig. 2.

Pecopteris Zippei Corda in Renss, Versteinerungen «. Bohm. Kreidef., Abth, 11, p. 95,
PL XLIX, figs. 2, 3.

Gleichenia Rinkiana Heer, T, Foss, Aret.; Vol. I, p. 80, PL. XLIILI, fig. 6.

We have oceasionally found fragments of the fronds of a Gleichenia
which T have been unable to distinguish from that so fully illustrated in
Heer's Kreide Flora (FI. Foss. Avet., Vol. 111, Part I1), and to which he
gives the above name. The plant was evidently a delicate one, and it is
much less perfectly preserved than the associated ferns which I have
referred to the genus Anemia. The fronds being much broken up, it is
impossible to say whether or not we have united under one name plants
which belong to different species. It has been thought, however, that an
error of synthesis would be less mischievous than one of analysis, and it
has seemed a fruitless labor to attempt to define species sharply where the
material is defective, and when it is certain that in future years the exploita-
tion of the New .J ersey clay beds will permit the accumulation of abundant
material, and that in better state of preservation.

The genus Gleichenia was evidentl y widespread in the Cretaceous age,
and there were many species of the genus in Europe and America. In the
flora of the Amboy Clays other ferns are more numerously represented, if
We can judge by the collections alrecady made. It is true, however, that
the distribution of species is somewhat local in the clay beds, and a treasury
of specimens and perhaps species may at any time be discovered. The
most abundant of the ferns which I have referred to Gleichenia is that which
corresponds best with Heer's deseription and illustrations of G. Zippei. The
frond would seem to have heen more open than most of those figured by
Heer, but this jg proved by his illustrations to be a variable character. The
fructification is present on some of the specimens found at W oodbridge,
and this lLag altogether the character of that figured by Heer. The pin-
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nules are set nearly at right angles to the rachis, are from 6" to g=m long,
and when in fruit carry three or four sori on each side of the midrib.
Locality: Woodbridge.

Anemia sTRICTA Newb. n. sp.
Pl. 111, figs. 1, 2.

Frond of large size, ternate, subdivisions ovate or lanceolate, pinnze
lance-linear in outline, pinnules lanceolate, acute, decurrent, simple above,
below toothed and finely pinnatifid; nervation fine, each pinnule having at
base a central nerve which sends off, pinnately, straight, forked branches
to the margins on all sides; fructification unknown.

Of this beautiful fern numerous specimens have been collected at
Woodbridge, and from these a selection has been made for representation
on PL III, of which the figures will serve for comparison with other living
and fossil ferns.  In general aspect and structure this plant closely resem-
bles some species of Asplenium, and it might without impropriety be referred
to that genus, but in the absence of fruetification no positive statement can
be made in reference to its generic relations. It evidently helongs to a
group of ferns which was extensively developed in later Cretaceous times—
a group which includes the two plants deseribed in this memoir under the
name of Asplenium Foersteri and A, Dicksonianum, as well as the widespread
species of the Upper Cretaceous and Tertiary, A. suberetacen. Doubtless,
at no distant day the fructification of these plants, as yvet unknown, will be
discovered in connection with these sterile fronds, and will set at vest the
discussion which has been excited in reference to their hotanical relations,
So far as the vegetative organs are concerned, they might very well belong
either to Asplenium or Anemia, the divisions of the frond and the nervation
being very like those of the more dissected species of these genera. The
Marquis Saporta has suggested that his Asplenium suberetaceum may be the
type of an extinct generic group allied to Todea, but this must remain a
suggestion or conjecture until the fructification shall be discovered.

In looking through Heer's illustrations of the Cretaceous flora of the
Arctic regions we find a number of figures which may and probably do
represent the plant before us. For example, in the Flora Fossilis Arctica,
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Vol. VI, Abth. 11, PL. XLIV, fig. 2, is a fragment of a fern to which the
name Dicksonia borealis is given. This specimen consists of parts of four
contiguous pinnze, which afford a very imperfect view of the plant to which
they belong. Tt is evident, however, that this was closely allied to the fern
now under consideration, the only perceptible difference heing that the
pinnules of the Greenland plant are narrower and less acute. So also on
Pl. XXXIV of the same volume—a plate devoted to Aspidium Oerstedi—
n fig. 8 is represented a small portion of the upper part of a fern frond
m which the pinnae are narrow, the pinnules closely set at a very acute
angle with the midrib, decurrent, entire-margined and acute, in all respects
resembling some portions of the frond of Anemia stricta and almost certainly
different from Aspidium Oerstedi.

Thongh not rare at Woodbridge in certain layers of the clay, dnemia
stricta has up to the present time been found nowhere else. No traces of
fructification have yet been detected on any of the specimens. As may
be inferred from the figures, the sterile frond was ternate and the fruit was
probably horne on a distinet stipe.

Locality: Woodbridge.

AspLEntuM Dicksonianum Heer.

PL I, figs. 6,7; PL II, figs. 1-8; Pl III, fig. 3.

Asplenium Dicksonianum Heer, F1. Foss. Aret., Vol. IIT, Part II, p. 31, PL L, figs. 1-5;
Vol. VI, Abth. II, p. 3, PL 11, figs. 2,2b; p. 33, Pl. XX XTI, figs, 1-8.

In the Kreide-Flora der Aretischen Zone (Flora Fossilis Arctica, Vol.
III, Part IT, p- 31, PL I), Prof. Oswald Heer describes a fern which 1 am
entirely unable to distinguish from one that oceurs abundantly at Wood-
bridge. We have now collected many hundred specimens of this fern, and
have learned that its fronds were of large size and differed much in the
details of the different parts.  Selections have been made from this large
amount of material for the figures on Pls. I, 11, IIL, and since all the dif-
ferent phases here presented are fossilized together and arve connected by
mtermediate forms, it is impossible to resist the convietion that they all
bdmw to one species. By reference to the numerous illustrations given
by Heer, a satistactory comparison may be made with the ficures now
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published, and it will be seen that the closest correspondence exists in all
particulars between the Greenland and New Jersey specimens. The
geological importance of this identification is apparent, and is quite inde-
pendent of the yet undecided question of the botanical relations of this
plant.  Professor Schimper (Paléontologie Végétale, Tome I, p. 660) refers
this fern to Asplenium, like all those with which it is associated geolog-
ically and botanically, viz, Asplenium Brongniarti Deb. & Ett., A. Foersteri
Deb. & Ett., A. cenopteroides Deb. & Ett., and A. subcretacewm Sap.  Professor
Heer adopts this view, and in his Flora Arctica, Vol. III, he changes the
name of the fern under consideration from Sphenopteris to Asplenium.
This harmony of opinion among the distinguished botanists whose names
have been mentioned must carry with it great weight, but it is necessary
to say that it is based on the general similarity of form and nervation, and
that, the fructification of none of these ferns having been yet found, the
question of their generic relationship can not be said to be decided. From
the absence of fruit in all these plants, which he takes as evidence that the
fertile and sterile fronds were borne on distinet stipes, as well as from
the resemblance of the vegetative organs, Mr. J. Starkie Gardner, in his
Monograph of the British Eocene Flora, decides to refer Asplenium subere-
tacewm Saporta to Anemia. This question is discussed at some length in
my notes on the allied and associated species, Asplenium Foersteri, and it
need not be further pursued here.

As in A. Foersteri, the fronds of this fern were evidently somewhat
thick and coriaceous; the surface is polished, and the nervation is generally
obscure; the stipes are fluted, a central ridge being bordered hy a more or
less distinet furrow on either side. From this ridge a nerve passes throngh
the center of each pinna, and this midrib gives rise to a slender nerve fiber
which traverses each pinnule to the apex. In a few specimens it may
also be seen that delicate side nerves are given off by the midrib of each
pinnule.

Locality: Woodbridge.
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AsprENtuM Fogerster: Deb. & Ett.?

PL 1V, figs. 1-11.

Asplenivm Foersteri Debey and Ettingshausen, Die Urweltlichen Acrobryen (Denlkschr.
Wien. Akad., Vol. XVII, p. 193), p. 13, PL IT; figs, 4-7, 11.

A number of fragments of a fern have been found which in some
respects closely approaches that described by Debey and Ettingshausen
under the above name (loc. cit.), although the speeimens which they fgure
are too few and imperfect to render the identification certain. Heer has
also described in his Flora Aretica, Vol. ITI, Part II, p. 93, PL XXVT, fig. 1,
a similar if not identical fern from the Upper Cretaceous rocks of Greenland,
but his material was also fragmentary and entirely inadequate for satisfactory
description or comparison.

Debey and Ettingshausen refer their plant with confidence to Asple-
nium and compare it with the living species Aspleniwm Adiantum-nigrum
and A. furcatum ; but while the general aspect and mode of division of the
small portions of the frond which they obtained correspond well with some
species of Asplenium, the fructification, which alone would be decisive of this
question, has not vet been found.

Heer and Saporta compare the specimens from Aachen and Greenland
with the fern deseribed by Saporta in his Flore de Sézanne under the name
Aspleninm  suberetaceum, a plant of very wide distribution in the Upper
Cretaceous and Tertiary rocks of Europe and America. There is certainly
a marked resemblance hetween them, so that it may be fairly inferred that
they belong to the sume genus, but they are specifically distinet. The
Marquis Saporta’s plant is evidently larger and coarser in texture, with
stronger nervation and more acute pinnules. Mr. J. Starkie Gardner, in
his monograph of the British Eocene Flora, now in'course of publication
by the Palaxontographical Society, has referred Asplenium subcretacewm to
the genus Anemia, arguing that the absence of all traces of fructification.
among the great number of specimens of this fern found in Europe and
Ameriea may be accepted as evidence that the sterile and fertile fronds

were separated. This question, however, will be decided rather by time
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and observation than by discussion. When we know more of this group
of ferns, so characteristic of the Upper Cretaceous and Eocene periods, we
shall be better able to determine their botanical relations.

By comparison of the figures given on PL IV it will be seen that our
specimens differ considerably from those figured by Debey and Ettings-
hausen. In our specimens the lower pinnwe are widely separated, opposite,
strongly decurrent, and unsymmetrical, the nerve which traverses each one
passing near to the upper border. Toward the extremity of the pinnee,
however, the pinnules arve closer, and they finally coalesce and pass first
into notched and then into simple lobes closely resembling those figured in
the Kreide von Aachen, Pl II, figs. 4, 5. I have therefore been inclined
to suppose that if we could compare complete fronds we should find the
American and European plants to be identical. It will be noticed, however,
that the specimens now figured show some marked peculiarities not visible
in those found in Europe, especially the want of symmetry in the lower
pinnules of the pinns.

The texture of our plant was apparently coriaceous, the nervation tine
and generally visible. In one or two specimens we can trace fine nerve
branches given off from the main nerve of each pinnule, but they are
delicate and apparently widely separated.

On comparing the fern under consideration with living plants, I find
the strongest resemblance with Microlepia cystopteroides Presl. (Ettings-
hausen, Farnkriiuter der Jetztwelt, p. 209, P1. OXLIII, fig. 2; PL CXLIV,
fig. 4). This is a peculiar fern and the resemblance to our plant is quite
striking. It would be unwise, however, to attach much importance to this
resemblance of the fronds and nervation unless it were confirmed by simi-
larity in the fructification.

Localities: Woodbridge, South Amboy.

Parcorreris Grormianva Heer?.
Pl 111, fig. 4.
Phegopteris Grothiana Heer, Fl. Foss, Arct.,, Vol. VIL, p. 3, Pl. XLVIII, figs. 12, 13.

Fragments of a fern closely allied to, if not identical with, Heer’s
species oceur rarely in the clays at Cutler Bank, Woodbridge. The speci-
mens obtained are, however, too poor to afford any satisfactory comparison.



DESCRIPTION OF SPECIES. 43

This fern is without doubt a species of the same genus as that figured
and described by Heer (Flora Arctica, Vol. VII, P XLVIII, figs. 12, 13).
Whether that be a Phegopteris or not is not certain, but from the large
number of plants common to the New Jersey and Greenland floras we may
strongly suspect that the species is the same. Further collections will
doubtless solve the question.

Locality: 'Woodbridge.

Ormrocrossum erANULATUM Heer.
Pl IX, figs. 11-13.

Ophioglossum granulatwm Heer, Fl. Foss, Arct., Vol. VII, p. 8, Pl. LV1I, figs. 8, 9.

Professor Heer has deseribed and figured a peculiar fossil which he
regards as the fertile stipe of a fern and compares with the fertile frond of
Oplioglossum vulgatum. Of this organism numerous examples have been
found in the Amboy Clays, two of which are now figured. There can be
no mistake about the identity of the plant, but as to its true character there
may be great differences of opinion. Most of the specimens show at the
base of an ament-like fruit spike one or more slender linear leaves or
bracts, which evidently spring from the same stem. These leaves are
sometimes as long as the fruit spike or longer, and to me they seem like
the male ament of a conifer rather than the fruit of a fern. The granules
with which the axis of the fruit spike is invested are arranged spirally about
it, and so far as has been observed there is nothing by which it can be
decided whether they are sporangia or pollen cases. Doubtless more will
be learned about these singular objects, but they are interesting as being
the fruit of some of the plants which are common to the Amboy Clays
and the Cretaceous beds of Atane, Greenland.
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PHANEROGAMIA.
GYMNOSPERME.
Order CYCADACEZ.
Povozavites axgustironivg (Eichw.) Schimp.’
Pl XIII, figs, 1-4.

Podozamites angustifolins Fichw.) Schimp. Sehimper, Paléontologie Végétale, Vol.

11, p. 160,

Zamites angustifolius Eichwald, Lethwea Rossica, Vol. IT, p. 39, PL L figs 7.

Leaves long lanceolate, from 5 to 15 in length by 6™ to 12%% in
width, base narrowed to the short petiole, summit pointed; nervation fine,
parallel.

In general appearance these leaves are not unlike some of the many
forms of P. lanceolatus, but are usually longer, narrower, and more flexuous
in outline. Taken by themselves they might easily be mistaken for some
of the leaves of Fontaine's Nageiopsis longifolia from the Potomac group,
but the nerves are much finer and more crowded than in that plant.

Locality: Woodbridge.

Popozamites marciNaTus Heer?.
P1, X111, figs. 5, 6.
Podozamites marginatus Heer, FL. Foss. Aret., Vol. VI, Abth. II, p. 43, PL XVI,

fig. 10, .

Leaves 18" to 20™ long by about 3°" in width, lanceolate, obtusely
pointed at the summit, narrowed to a thickened base.

This would seem to be the plant figured and deseribed by Heer (loe.
cit.) and obtained from the Upper Cretaceous rocks of Atane, Greenland,
although the marginal border, on which he lays stress and from which he
derives its name, is not visible. Unfortunately, the two specimens we have
are very imperfect, and we must await the discovery of other material before
we can satisfactorily make the comparison. We may at least say that the

! This species appears in Dr, Newberry's manuscript as P, angustifolius, n.sp., o specific designa-
tion which manifestly can not stand under the rules of priority. Asit agreesin all essential particulars
with P. angustifolivg (Eichw.) Schimp., I have so designated it.—A. H.



DESCRIPTION OF SPECIES, 45

species, if not identical, are exceedingly alike, and that the differences
specified are not sufficient to separate them.
Locality: Woodbridge.

Popozamrres acuminarus IHollick 1. sp.
Pl XIII, fig. 7.

The only specimen we have of this plant is too imperfect for a satis-
factory deseription. It is a leaf of a species of Podozamites which had
as characteristic features widely separated, open nervation and extremely
long-drawn point. This will serve to distinguish it from any of the leaves
of Podozamites with which it is associated and any other yet described.

Locality: Woodbridge.

Nores.—1. In Dr. Newberry’s manuscript this species was named Podozamites

acutifolius. As Professor Fontaine had already used this specifie name for a species
from the Potomae formation, it was necessary to change it, and it was thought that

acuminatus would deseribe the leading character nearly as well. '
2. In Dr. Newberry’s paper on the Flora of the Amboy Clays, in the Bulletin of
the Torrey Botanical Club for March, 1886 (Vol. XI1I, p. 35), the anthor says that
Podozamites tenuinervis Heer probably oceurs in the flora, but T have failed to find
any indication that he definitely identified any specimen with that species.—A, TI.

Microzavis eieBa (Reuss) Corda.
PL XII, figs. 6, 7.
Microzamia gibba (Reuss) Corda. in Reuss, Verstein. d. Bohm. Kreidef., Abth, 11,

. 85, PL XL VI, figs, 1-10.

Conites gibbus Reuss, Geognostische Skizzen, p. 169.

We have found quite a large number of slender fruit spikes, twenty or
more, sometimes as much as 15** in length by about 2= iy diameter, com-
posed of a central axis thickly set with capsules, of which the ends give a
tessellated appearance to the surface when sufficiently well preserved to
show it. These apparently represent the fruit spikes that were described
with the above name by Corda, in Reuss (loc. cit.), and more fully noticed
by Velenovsk y in Die Gymnospermen der Bihm. Kreideformation, p. 6, PL
I, figs. 5-16; P 1V, fie. 6; Pl V, fie. 8.
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The number of these fruit spikes found in the Amboy Clays indicates
that a cyead grew in the region where they were deposited in greater
abundance than would be inferred from the comparatively small number of
eycadaceous leaves we have found: but further explorations would probably
bring to light more of the foliage.

These fossils form another connecting link between the flora of the
Amboy Clays and that of the Upper Cretaceous rocks of Bohemia, so well
llustrated by Velenovsky.

Locality: Woodbridge.

CYCADINOCARPUS CIRCULARIS Newb. n. sp.
Pl. XLVI, figs. 14,

Discoid seeds of a cycadaceous plant, from 6™ to 12" in diameter,
nearly circular in outline, though sometimes slightly heart-shaped, with
a slight emargination at the point of attachment on one side; within the
larger outline is a smaller circle which marks the seed itself, which is round,
smooth, and flat, with a slight projection at the point of emargination and
where a neck or stem penetrated the sarcocarp for attachment.

These fruits closely resemble some species of Cardiocarpus in the Coal
Measures, such as C. orbicularis, C. annulatus, ete., which 1 have described
in the Palzontology of Ohio, Vol. I, p. 374, PL. XLIII, figs. 8, 10.

We have colleeted perhaps fifty of these fruits, but as yet have not
been able to conneet them with any of the other plants found.

Locality: Woodbridge.

Order CONIFERZAE.
Dayvuara BoreaLis Heer.
Pl X, fig. 8.
Dammara borealis Heer, Fl, Foss. Aret., Vol. VI, Abth, IT, p. 54, PL. XXXVTI, fig. 5.

In his Flora Fossilis Arctica (loc. eit.) Professor Heer describes and fig-
ures the scales of a cone of a conifer which very much resemble those of Dam-
mara australis, and yet there are some reasons for doubting the accuracy of his

reference. It may also be said that the fruit scales which he calls Bucalyptus
Geinitzi (ibid, p. 98, PL XLV, figs. 4-9; PL. XLVI, fig. 12d) are without
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doubt generically the same. They have very little resemblance to any of
the fruits of Kucalyptus, however, which are urn-like, with a conieal cover.
On the contrary, the fruits figured by Heer under the name of Eucalyptus
are plainly scales, and are parts of an imbricated cone. I say this with
coufidence, because it has happened that in the Amboy Clays we have
found numbers of them sometimes associated together, oftener scattered and
showing both faces. A peculiarity of these scales is that they arve striped
longitudinally by clefts which ave filled with an amber-like substance. This
structure is plainly seen in those figured by Professor Heer on PL XLV.
Similar scales are deseribed in an article by Mr. David White on the fossil
plants from Gay Head. (American Jowrnal of Secience, 3d series, Vol.
XXXIX, p. 98, PL 11, figs. 9, 10.)

The considerations which have led me to doubt whether these cone
scales are those of Dammara are that we have found no Dammara-like
leaves associated with them, whereas in one locality in New Jersey they
oceur in great numbers mingled with and sometimes apparently attached
to the branchlets of an extremely delicate conifer much like Heer's Juni-
pevus macilenta (F1. Foss. Aret.,, Vol. VI, Abth. IT, p. 47, PL. XXXV, figs. 10,
11), but the leaves are more appressed.  Almost no other plant except this
conifer is found with the cone scales, and it is difficult to avoid the conclu-
sion that they belong together.  Another renson for doubting whether these
are the scales of a species of Dammara is that in some of them traces of
two seeds are apparently visible, while in Dammara there is but one seced
under each scale.

On our plate (fig. 9) is a representation of Dammara microlepis Heer,
taken from his work, Pl XL, fig. 5, and also (fig. 10) one of Eucalyptus
Geinitzi Heer, from the same volume, Pl XLV, fig. 5, for purposes of
comparison.

Pizus sp.?
PL IX, figs. 5-8,17, 18

Not infrequently fascicles of leaves, which seem to be those of a pine,
have been found at South Amboy and elsewhere. They are in threes,
C| o d a 5
8™ to 1(m long, and very slender. No cones have been found with them
which could certainly be attributed to the genus Pinus, but some which
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are considerably macerated and decayed, like figs. 7 and 8 on the same
plate, may perhaps have been pine cones, or they may have belonged to
some other conifer. Future collections will doubtless solve this problem.
Fragmentary winged seeds, apparentl y referable to Pinus, are represented
by figs. 17 and 18.

Cuonsivemamites BLEGANS (Corda) Endl.
Pl V, figs. 1-7.
Cunminghamites elegans (Corda) Endlicher, Synopsis Coniferarum, p. 270.
Cunninghamie elegans Corda, in Reuss, Verstein. Bohin. Kreidef.,, Abth. II, p. 93,

Pl. XLIX, figs. 20-31.

Numerous and well-marked specimens of this widespread species were
obtained by Rev 8. Lockwood from the iron concretions in the upper
Amboy Clays. Some of these are figured on PL V. Fig. 1 represents a
branch with branchlets in which the leaves, diverging in all directions,
have been largely broken away, but the scaled aspect of the immediate
surface is well shown. The leaves are from 2 to 5% in length, with a
single keel; the scales or leaf impressions about 6™ in length, ovoid or
rhomboidal, pointed, and keeled. Figs 2 and 3 represent terminal branch-
lets with long divergent leaves, while fig. 5 represents branches with short
and closely appressed leaves, a diversity of foliage seen in many conifers.

The large specimen figured by Heer (Flora Fossilis Aretica, Vol. VI,
PL LI, fig. 1) is much like the long-leafed branches now represented.
The shorter form of foliage he does not seem to have met with, or has not
identified with this plant, but our specimens represented by figs. 1-6
are all from the same concretions and are so related that there can be no
doubt that they belong to the same tree. Fig. 4 represents what may be a
fruit-bearing twig, but it is too indistinet to be certainly identified as such.

Cunninghamites elegans seems to have been extensively diffused in the
latter half’ of the Cretaceous age. It was first deseribed from Moletein in
Moravia and from Mseno in Bohemia. Subsequently Hosius and Von der
Marck found it in the chalk of Westphalia. Heer obtained it from the
Atane beds of Greenland, and now we have it from the Amboy Clays of
New Jersey.

Locality : Near Keyport.
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SEQUOIA HETEROPHYLLA Vel
PL VI, figs. 1-13.

Sequoia heterophylla Velenovsky, Gymnospermen d. Béhm. Kreidet,, p. 22, Pl, XII,
fig. 12; PL XIII, figs. 2-4, 6-9,

One of the most common conifers of the Amboy Clays seems to be
identical with the one that has been deseribed by Velenovsky as Sequoia
heterophylla, found in the Upper Cretaceous of Bohemia and described in
Die Gymnospermen der Bihmischen Kreideformation (loe. ¢it.) A number
of figures are given of it, and it may be noticed that they show distinetly
the conspicuous feature of the plant, and that which has given it its name,
viz, the two forms of foliage, often on the same twig; toward the base the
leaves very short, appressed, almost scale-like; higher up, leaves much
longer and dichotomously expanded.

Norr.—Figs. 4, 4a, PL IX, represent cones of a Sequoia, according to Dr. New-
berry’s labels on the corresponding specimens, but he did not indicate the species to
which he supposed them to belong.—A., H,

Sequoia Rrrcmessacur (Gein.) Heer?.
Pl. IX, fig. 19.

Sequoia Beichenbachi (Gein.) Heer?, F1. Foss. Aret., Vol. L, p. 83, P1. XLIII, figs. 1d, 2b,
Ha, d, dd, 8, 8b.

Araucarites Reichenbachi Geinitz, Charakteristik d. Schichten u, Petref.d. Siichsischen
Kreidegebirges, p. 98, PL XXIV, fig. 4.

A few branches of a Sequoia with short and divergent leaves resem-
bling those of Sequoia Reichenbachi, but more slender and delicate, are
contained in our collections. 1 have thought it probable that they repre-
sent this world-wide species, but more material will be required before that
question can be decided.

Locality: Woodbridge.

MON XXVI—4
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Sequora GrAcILLIMA (Lesq.) Newb.
PIUEX, s 4025,
Glyptostrobus gracillimus Lesg., Am. Jour, Sei., 2d series, Vol. XLVI, p. 92.

In the American Journal of Science (loc. cit.) and in his Cretaceous
Flora, p. 52, Mr. Lesquereux has described a slender-branched conifer from
the Dakota group near Sioux City, which he referred to the genus Glypto-
strobus “on account of the form and mode of division of its branches, of
the scale-like leaves without nerves, and of the form and position of the
male catkins” At the latter date, however (Cretaceous Flora, p. 53), he
was disposed to identify this plant with Frenelites Reichii, described by
Ettingshausen in his Cretaceous Flora of Niederschoena. There is little
doubt, however, that both references were erroneous, as the foliage is more
like that of Sequoia than Glyptostrobus, and eones which I have from the
same localities that furnished Lésquereux’s specimens are distinetly those
of Sequoia and very different from those of any species of Glyptostrobus
known.

The specific name gracillimus, given by Lesquereux, was well deserved,
since the branches are extremely slender and the only form of foliage seen
is short and appressed. Beautiful cones of the same species oceur in the
Amboy Clays near Keyport, and a complete one of this kind may be seen
on PL IX, fig. 1. They are cylindrical, 5** or more in length by 1 or
more in breadth. Immature ones are depicted in figs. 2 and 3 of the same
plﬂ;te;

Apparently the same plant is deseribed and figured by Heer in his
Flora Fossilis Arctica, Vol. VI, p. 16, PL. LI, fig. 13. The form of the
cone is similar to that of the genus Geinitzia, but the foliage is widely
different, and as the leaves and fraits are associated in my specimen, there
can be no doubt that our plant is not a Geinitzia.

Professor Heer also figures, on PL LI, a slab containing branchlets
and leaves of a conifer which closely resembles the one under consideration,
and on the same specimen a cone is represented which has the cylindrical
elongate form of ours; so I ean not doubt that this plant, which he calls
Sequoia macrolepis, is the same as that previously deseribed by Lesquereux

as Glyptostrobus gracillinus.
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These specimens are interesting as showing another plant common to
the Dakota of the West, the Amboy Clays of New Jersey, and the Patoot
and Atane beds of Greenland.

That Mr. Lesquereux’s Glyptostrobus is not identical with Frenelites
Reichii will be seen by referring to PL VIII, which is occupied by this
species under the name Widdringtonites Reichii (Ett.)) Heer. Tt is rather
abundant in the Amboy Clays, and occurs in Greenland and in the Cre-
taceous beds of Aachen and Niederschoena. The terminal branches are
covered with minute appressed or divergent, acute, rigid leaves, but the
larger and lower brauches are generally denuded of foliage, and are articu-
lated at frequent intervals in a way altogether foreign to Glyptostrobus.

Locality : Near Keyport.

GeENiTzZIA FORMOsA Heer?.
Pl IX, fig. 9.
Geinitzia formosa Ieer, Kreideflora von Quedlinburg, p. 6, PL I, fig. 9; Pl LI}
figs. 1-6,
The single specimen here identified with the above species was found
at Woodbridge. The specimen is named as above by Dr. Newberry, but
no deseription accompanied it.—A. H.

BracaypEYLLUM cRassum Lesq.!
PL VII, figs. 1-7.
Brachyplyllum erassum Lesq., F1. Dak. Group, p. 32, PL IL, fig. 5.
Thuites erassus Lesq., Cret. and Tert. FL, p. 32.

Trees of medium or large size, branches pinnately divided, covered with
relatively large, rhomboidal, striated, scale-like leaves, spirally arranged.
Fruit a cylindrical cone 15 to 20 in length by about 4= in diameter,
covered with spatulate, overlapping scales.

In certain clay beds at South Amboy and elsewhere one of the most
common plants is a scaled conifer, which, judging from the twigs and foli-
age, no one would hesitate to include in the genus Brachyphyllum. The

' Dr. Newberry's manuseript nawme for this species is B, macrocarpum, n.sp. It is evidently iden-
tical with B. orassun. Lesq., as fignred in Flor. Dak. Group, PL 11, fig, 5,.—A. H.
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scale-like leaves which cover the branches are mrranged in double spirals,
are square or rhomboidal, 3°* to 5 in diameter, with the upper point
most prominent, and from this strong, sharp ridges radiate over the surface.
Frequently there is a short keel beginning at the upper angle and running
a little way down the surface. Good examples of this foliage may be seen
in the Marquis Saporta’s figures of B. Papareli Sap. and B. Moreauanum
Brongn. (Paléontologie Frangaise, Flore Jurassique, Vol. TI1, Pls. XXXIII
and XXXVIII), but with this typical foliage of Brachyphyllum oceur cones
which are so different from those which have been aseribed to Brachyphyl-
lum as to make us doubtful of the reference of our plant to that genus, or
of the apparent connection between the cones and the branches. Unfortu-
nately, none of the specimens establish beyond all doubt the connection
between the cones and the branches, but some of the cones are borne on
pedicels which are marked with scales essentially like those of the branches
under consideration. When the specimens were first exhumed the scaling
of the cone stems was well defined, and was such that I did not hesitate to
connect the twigs bearing the rhomboidal scales with the cones, but contain-
ing so much woody matter that the lignite of which the cones and twigs
are composed has cracked and broken away to such a degree that it can not
now be asserted from the specimens. New material must be sought and
treated with a better preservative than that which we have to demonstrate
to all eyes that this, the most common conifer at South Amboy, bore this
most common cone. The cone represented on Pl VII, fig. 3, was quite
entire when found, but has since suffered much by the cracking up of the
lignite composing it. It was once covered with a series of scoop-shaped or
spatulate scales, of which some specimens, fairly well preserved, are seen
near the summit, and the outlines of others on the sides. In a general way
the cone resembles that of some species of pine, but its mode of growth
was different, aswill be seen by an examination of the immature cones rep-
resented in figs. 4£ and 6. Tt is certainly not the cone of a pine tree, and
my conviction amounts almost to a certainty that it was horne on branches
like those represented in figs. 1 and 5.

Some comparisons of these cones with others that have been described
from rocks of about the age of the Amboy Clays will be interesting and
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instructive. Ettingshausen has deseribed in his Kreideflora von Nieder-
schoena two cones which may not be different from ours. Of these those
represented on PL T, figs. 4-6, may be compared with our fig. 6 on PL VII,
and are perhaps immature, while fig. 9 of the same plate, which was called
Cunninghamites oxycedrus by Sternberg, is very much like our larger cones,
and yet it is not known that a Brachyphyllum similar to that found in the
Amboy Clays occurs in the Niederschoena beds. Another cone not unlike
this is figured and described by Lesquereux in his Cretaceous Flora, p. 114,
Pl XXTV, fig. 1, with the name Ptenostrobus nebrascensis.  Mr. Lesquereux
does not attempt to conneet this cone with any other plant, but points out
its resemblance to Cunninghamites oxycedrus.  Finally, T would call atten-
tion to the striking resemblance between the scale-leafed conifer now figured
and that which Velenovsky calls Echinostrobus squamosus (Gymnospermen
der Bihmischen Kreideformation, p. 16, PL VI, figs. 3, 6, 7, 8).
Locality : South Amboy.

Truya crEracesa (Heer) Newh.
Pl X, figs, 1, La.

Libocedrus eretacen Heer, F1. Foss. Avet.,, Vol. VI, Abth. IT, p. 49, P1. XXIX, figs. 1, 2;
PRI g dd-

Professor Heer (loc. cit.) has carefully figured and deseribed what is
apparently the plant of which we have found numerous twigs in the Amboy
Clays and of which I have given a figure as indicated above, yet he con-
siders the plant a species of Libocedrus, while to my mind it is much
nearer to Thuya. In our living Libocedrus, as well as our fossil ones, the
joints of the twigs, or rather the appressed leaves which cover the woody
axis, are much longer and wider above, having a club-shaped outline;
whereas in Thuya the four rows of appressed leaves, forming a joint or
whorl, are of nearly equal height and breadth, so that the twigs are strap-
shaped, the sides nearly parallel, just as in the fossil before us. I can
detect no differences, however, between the specimens from New Jersey
and Greenland. :

Locality: South Amboy.
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Truvites Meriant Heer.
Pl X, fig. b.
Thuyites Meriani Heer, Fl. Foss. Aret., Vol. ITT, Part IL, p. 73, PL. X VI, figs. 17, 18.
This species is represented by a single specimen, identified as above
by Dr. Newberry, but not accompanied by any description or indication of
locality —A. H.

JuxipErUs MAciLENTA Heer.
PL X, fig. 7.
Juniperus macilenta Heer, F1. Foss. Aret., Vol. VI, Abth, IT, p. 47, PL. XXXV, figs.

10, 10b, 11.

At Keaseby’s clay pit, on the Raritan River, near Perth Amboy, a
conifer oceurs in great abundance which closely resembles that deseribed
by Heer (loe. cit.) and called by him Juniperus macilenta. The branchlets
are apparently more regularly and gracefully expanded, with a pinnate
arrangement that indicates that they spread on the same plane, like those of
Thuya, and the leaves are somewhat shorter and more appressed than those
represented in Heer's figures. Still, the resemblance is striking, and it has
seemed to me probable that the species is the same.  This is further indicated
by the fact that thickly scattered among the twigs there are cone scales and
cones, though the latter are very badly preserved. The cone scales are evi-
dently identical with those described by Heer under the name of Dammara
microlepis (F1. Foss. Avet., Vol. VI, Abth. I, p. 55, PL. XL, fig. 5), and prob-
ably with those deseribed by him as Dammara borealis (op. cit.,, p. 54, PL
XXXVII, fig. 5). These scales terminate below in a comparatively long
and narrow neck for attachment, expanding above to form an elliptical disk,
the summit of which consists of a erescentic, smooth band, terminating
above in a point. This was evidently the exposed portion of the scale.
Below the summit the scales are thickened, striated, and longitudinally
cracked, the cracks being filled with amber, In a few instances the scales
are grouped together, and in one or two cases they compose cones, now
much decayed, and yet showing that the form was ovoid and that the
number of scales must have been twenty or more.
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The great number of these scales mingled with the branches of the
conifer in question indicates very strongly that we have here the fruit of
the tree. If so, it is evident that this was not a Dammara, and equally
evident that it was not a Juniperus. The form of the cones and the cone
scales is sufficiently like that of Dammara, but the foliage is as far as pos-
sible removed from it. The Dammara-like scales have been found in a
number of the clay pits of New Jersey, and branches have been collected
at Cutler'’s bank, in Woodbridge; so that it is apparent that the tree was of
frequent oceurrence in the forests that surrounded the estuaries in which
the Amboy Clays accumulated, and we may therefore hope that in the
future material will be obtained that will enable us to reconstruet this tree
and determine with accuracy its botanical relations.

Localities: Keaseby's clay pit, Woodbridge.

Norn.—Dammare borealis Heer, from South Amboy, and D). microlepis Heer, as
figured by Heer, are shown on PL X, figs. 8, 9, of this monograph, hut no specimens of

the scales mentioned by Dr. Newberry as oceurring with the branches of J. macilenta
were found in any of the collections.—A. .

Moriconta cycrLoroxox Deb. & Ett.

Pl X, figs. 11-21.

Mowiconia cyclotozon Debey & Ettingshausen, Urweltl. Acrobryen d. Kreidegeb. v.
Aachen (Denkschr. Wien. Akad., Vol. XVII, p. 239), pp. 59, 64, PL VII, figs.
23-27.

This, the most beautiful of conifers, was first deseribed by Debey
and Ettingshausen in Die Urweltlichen Aerobryen von Aachen (loe. cit.),
among ““ Plante incerte sedis filicibus affines,” but as their specimens were
very imperfectly preserved and the gemeral outline of the leaf-bearing
twigs is much like that of some ferns, it is not surprising that they were
mistaken as to its affinities. Subsequently Professor Heer met with it
among the fossil plants brought from Greenland and described it (Flora
Fossilis Aretica, Vol. 1T, Part I1, p. 97, PL. XXVI, fig. 18) as Pecopteris
kudlisetensis.  Afterwards better specimens were brought to him from
Greenland which revealed the true character of the plant, and these he
describes and figures (op. eit., Vol. VI, Abth. IT, p. 49, P1. XXXTII, figs. 1-9)
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with the proper name. To make his identification sure he corresponded
with Dr. Debey and received from him drawings which distinetly showed
the twigs to be covered with closely pressed semicircular leaves. These
convinced Heer of their coniferous character, but Dr. Debey refused to
accept this conclusion. The numerous specimens figured by Professor
Heer would seem, however, to leave no doubt upon this subject, and the
many and beantiful specimens we have obtained from the Amboy Clays,
some of which are now figured, fully confirm Heer'’s views.!

No fruit has yet been found with the remains of Moriconia, but this
want will doubtless be supplied from the New Jersey clays and will per-
mit its relationship with other conifers to be determined. Judging from
the foliage alone, Professor Heer is inclined to place Moriconia among the
Cupressinese and near to Libocedrus. _

When in Aachen in 1888 T had an opportunity of examining some of
the specimens of Moriconia collected by Dr. Debey, and a few of them
showed the outlines of the appressed leaves, but most of the specimens
were very imperfectly preserved, the outlines of the twigs, colored hrown,
being all that remained of the plant. I was anxious to identify this coni-
fer with that found in the Amboy Clays, for the ample illustration given of
the species by Heer left no doubt that it is common to the Amboy Clays
and the Atane group of Greenland, and this was the first of the somewhat
long list of species common to Aachen, Greenland, and New J ersey which
enabled me to fix with great certainty the geological horizon of the Amboy
Clays.

Locality : South Amboy.

It is somewhat remarkable that Professor Heer, after figuring earefully and acenrately a number
of specimens of Moriconia which fully show the peculiar folinge on the plate cited above. shounld
have figured on PL. LIV (op. cit., Vol. VIT) a much larger branch of a conifer and called it Moriconia,
when it is apparent that it is a Brachyphyllum. Instead of being semicirenlar the leaves are thom-
hoidal, and it is also probable that the species is the same with Brachyphytlum crasswm, P, 51, PL
VII, of this monograph.—A, H.
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WIDDRINGTONITES SUBTILIs Heer.
PL X, figs. 2-4.
Widdringtonites subtilis Heer, Fl. Foss. Aret., Vol. IIT, Part I, p. 101, P1. XXVI1II,
figs. 1, 1b; Vol. VI, Abth. IT, p. 51, PL VII, figs. 13, 14

We have collected a large number of specimens of a peculiar and
graceful conifer which is fairly represented in the figures given. Figs. 2
and 3 are from South Amboy: fig. 4, from Cutler’s clay pit at Woodbridge.
The branches of this conifer are numerous and slender and are completely
invested by appressed, scale-like leaves. They closely resemble the plant
described and figured by Heer (FL Foss. Aret., Vol. VI, Abth. II, p. 51,
Pl V11, fig. 18; PL XXVIII, fig. 4). On one of the specimens from South
Amboy is a small cone, a centimeter or more in diameter, of which the
structure is not plainly visible. This is apparently connected with the
branches with which it is in contact, but that is not absolutely proven.
More material will be needed hefore anything definite can be said in regard
to the botanical relations of this plant, but as it is locally so abundant,
there is little doubt that its fruit will ultimately be obtained in such a state
of preservation as to permit of its analysis.

The number of specimens obtained by Professor Heer is small, but
they give very good views of the foliage, which is precisely that of the
plant before us.

Localities : Woodbridge, South Amboy.

WimpriveroxiTes Rercunr (Ett.) Heer.
PL VTII, figs. 1-5.

Widdringtonites Reichii (Ett.) Heer, FL. Foss. Arct, Yol. VI, Abth. II, p. 51, PL

XXVIII, fig. 5; Vol. VIL, p. 13, PL. LIT, figs. 4, 5.
Frenelites Reichii Htt., Kreideflora von Niederschoena, p. 246, P1, I, figs. 10a-10¢.

This is one of the most common conifers in the Amboy Clays, where
glabs a foot square are obtainable, covered with the delicate tracery of its
slender branches, Figs. 2 and 3 are portions of such slabs. They were
drawn with some care when first obtained, but the wood being replaced by
lignite that contained much water, thus shrinking and cracking, it has been
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found almost impossible to preserve them. Professor Heer considers this
plant equivalent to that described by Lesquereux (Cretaceous Flora, p. 52,
PL I, figs. 8, 11-11f) under the name of Glyptostrobus gracillimus, but the
correctness of this reference 1 am inclined to doubt, as we find none of
the characteristic cones of Glyplostrobus gracillimus with the branches and
twigs of Widdringtonites. But we do find, as described elsewhere, cylin-
drical cones, 5" or more in length, associated with the twigs of a somewhat
different plant, which, if twigs and cones go together, is a Sequoia. The
cones and fruit of that plant are figured on Pl IX, figs. 1-3, and we regard
them as more closely allied to Heer's Sequoia Justigiata, as illustrated in his
Flora Fossilis Aretica, Vol. VII, PL LI, fig. 12. In this figure a cone is
represented which is referred by Heer to his Geinitzia hyperborea; but just
such a cone we find associated with the branches of Glyptostrobus gracillins
(which is certainly not a Glyptostrobus) in both the Dakota sandstones
and the Amboy Clays, and no certain evidence of the presence of Geinitzia
has been found in either. :

Hereafter, when more specimens of Widdringtonites Reichii shall be
collected and better means of preserving them he discovered, we may hope
from the abundance of the plant to obtain all desired information as to its
structure and relations.

In fig. 3 on PL VIII it will be seen that two minute cones are borne
on the end of one of the twigs. These are probably very young fertile
cones, but they may be immature pollen-bearing organs. ‘

Localities: South Amboy, Woodbridge, Sayreville.

Frenevopsis Horeseacert (Ett.) Schenk?.
P1. XTI, figs. 4, 5.

Frenelopsis Hoheneggeri (Ett.) Schenk, Die Fossilen Pflanzen der Wernsdorfer Schichten
in den Nordkarpathen, Palacontographica, Vol. XIX, Heft I, p. 13, PI. 1V,
figs. 5-7: PL V, figs. 1, 2; PL VI, figs. 1-6; PL VII, fig. 1.

Thuites Hoheneggeri Ettingshansen, Beitrag zur Flora der Wealdenperiode. Abhandl.
d. k. k. geol. Reichsanstalt, Vol. I, Abth. ITI, No. 2, p. 26, PL 1, figs. 6, 7.

Among the fragmentary remains figured, but not described, are two
specimens trom Woodbridge, labeled as above by Dr. Newberry.—A. .
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Frexeropsis Gracinis Newb. n. sp.
P1. X11, figs. 1-3a.

Branches numerous, long, slender, simple or remotely forked, set at
distant intervals with small scale-like leaves spirally arranged.

I have referred this interesting plant to Frenelopsis with some hesita-
tion, but it seems nearer to the living genus Frenela and its fossil ally
Frenelopsis than to any other conifer with which it has been compared.
The tree, when living, with its numerous slender, eylindrical branches,
of which the leaves were invisible, must have had the general aspect of
the broom, the tamarisk, Canotia holocantha, and most of all of the Ephedras.

Locality: Woodbridge.

Coniferz of Uncertain Affinities.

THiNNFELDIA LEsQUEREUXIANA Heer.
Pl X7, figs. 1-17.
Thinnfeldia Lesquerevviana Heer, Fl. Foss. Arct., Vol. VI, Abth. IT, p. 37, P1. XLIV,

figs. 9,10; Pl XLV, figs, 1-11, 12a, b.

In the Cretaceous Flora (p. 54, PL I, fig. 12) Mr. Lesquereux describes
an ‘“oval, oblong leaf, tapering from below the middle to a short, thick
petiole, abruptly rounded, and undulate above.” This he called Phyllo-
cladus subintegrifolins. 1t was obtained from the Dakota sandstone near
Decatur, Nebr, and in the Upper Cretaceous rocks of Greenland leaves
were found in considerable numbers which are apparently identical with
this. They have been so considered by Professor IHeer, who has figured
and described them (F1 Foss. Avet.,, Vol. VI, Abth. II, p. 37, Pi. XLVI, figs.
1-11), and has given them the name of Thinnfeldia Lesquereuziana, deciding
that they can not be conifers, as supposed by Lesquereux. Now we have
to report the discovery in the Amboy Clays of some hundreds of leaves
which are apparently identical with those from Greenland, and presumably
so with those from Nebraska.! A number of these are figured on Pl XI,

tIn the Flora of the Dalkota Group, PL. 1L, figs. 1, 2, 5, leaves are figured under the name Phyilo-
cladus subintegrifolivg Lesq. which are considerad by Dr, Knowlten to be identical with Thinnfeldia
Lesquereuziane Heer. As the true relationships of the plant are yet problematic, it has seemed to
be the wiser course to allow the name adopted by Dr. Newhberry to stand for the specimens found in
the Amhoy Clays, which may eventually be determined to be distinct from those of the Dakota
group,—A. H.
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and out of this large number I have endeavored to select such as most
fairly represent the prevailing characters. It will be seen that they differ
very considerably in form, some being linear, some lanceolate, and others
spatulate or long ovate. Sometimes, though rarely, the margins are entire;
more generally they are undulate, and sometimes acutel y toothed. 8o in
their nervation they are variable, sometimes a midrib traversing the entire
length of the leaf, while in other cases it vanishes about the middle. A few
branches have been found with the leaves still attached. These show that
the twigs were terminated by three leaves or leaflets springing from a com-
mon base, while below this there may be one or several pairs placed
opposite.

The principal interest connected with this plant is its occurrence in
Greenland and New Jersey, and it has a value, therefore, quite independent
of its botanical relations. Whether it should he referred to the genus
Thinnfeldia is doubtful, and even if it should belong there its hotanical
relations would not yet be ascertained. The genus was described by
Ettingshausen, who considered it as nearly related to Phyllocladus, while
Schenk considers it a cycad, and Schimper and Saporta regard it as a fern.
No fruit or flowers have been found in connection with the Amboy leaves,
but’ the aspect which they present is not quite that of any known ferns.
The nervation is fine, regular, parallel, the side branches diverging from
the midrib and generally running straight to the margins, but sometimes,

as in fig. 16, passing to the upper end.

Batera mwcurvatra Heer?.

PL X, fig; 6.
Baiera incurvata Heer, F1, Foss. Arct., Vol. VI, Abth. IT, p. 45, P1. XIII, fig. 6.

In his Flora Fossilis Arctica (loc. cit.) Professor Heer deseribes and
illustrates a species of Baiera with which we might readily identify the
plant now figured, except that the curvature of the summit of the frond is
not distinetly marked in that. This, however, seems to me more likely to
be an accidental character, the result of violence, as among all the species
of Baiera no other exhibits a tendency to such a flexure of the frond. As
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we have but a single specimen of our plant, and the one described by Heer
seemns to have been unique, satisfactory comparison can not yet be made.
The resemblances are such, however, between the Greenland plant and our
own that it has seemed better to consider them identical until such time as
differences shall be discovered.

Locality : Woodbridge.

CZERANOWSKIA CAPILLARIS Newh. 1. sp.
Pl IX, figs. 14, 15, 16.

With some hesitation I have referred to this genus a considerable
number of specimens that have been taken from the Amboy Clays. They
consist of bundles or masses of linear or capillary leaves, 8 to 10" in
length, which are for the most part single, but sometimes dichotomously
forked. They exhibit no structure, but apparently spring from a common
root or origin, and have the aspect of the bundles of leaves which have
been described by Heer under the name of Czekanowskia dichotoma (FL
Foss. Aret., Vol. VI, Abth. II, p. 14, PL II, fig. 12b; PL III, fig. 1). As
forming a distinet element in the Amboy Clay flora, it seems to me proper
that they should be mentioned, that hereafter they may receive such atten-
tion as may determine their botanical relations. The leaves are thin and
if matted and confused together might be taken for a Confervites, but they
are straight or gently curved, single, and parallel, and have nothing of the
filamentous, irregular character of the fibers of Conferva.

Locality: Woodbridge.

Coniferz. Miscellaneous Notes.

L. In Dr. Newberry’s Later Extinct Floras (Ann. Lye. Nat. Hist., Vol.
IX, 1868, p. 9), the name Cupressites Cookii occurs, eredited to New Jersey.
I do not find, however, that he elsewhere mentions this species, nor have I
been able to discover any specimen so labeled in the collection.

2. On Pl IX, fig. 10, of this monograph, may be seen a branch of a
conifer with a cone attached. T could find no manuscript relating to it,
the specimen had no label attached, and no satisfactory comparison could
be made with any described species. lts affinities appear to be with the
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Abietinese, but beyond this I have not felt justified in proceeding, and have
decided to admit it without further comment—A. M.

ANGIOSPERM.E.
DICOTYLEDONE &,
Order JUGLANDACEZE,

JueLans arcrica Heer?.
Pl. XX, fig. 2.
Juglans arctica Heer, F1. Foss. Arct., Vol. VI, Abth. II, p. 71, PL XL, fig.2; P1, XLI,
fig. 4¢c; PL XLII, figs. 1, 2a, b, 3; PL XLIII, fig. 3.

Among the fossil leaves collected, a single one, almost complete and
beautifully preserved, seems to be different from anything else in the col-
lection. I have given a figure of it and rvefer it provisionally to the above-
named species. This will be found represented in a number of figures in
Heer’s Flora Fossilis Aretica (loc. cit.). These figures differ considerably
among themselves, the first one especially representing the base of a much
broader and more rigid leaf than the others; but Professor Heer doubtless
had other material which guided him in his union of these specimens as one
species. The figures given on Pl XLIT are very much more like our plant,
and fig. 1, although imperfect at the summit, is nearly its counterpart,
With this are the aments and a nut which seen to justify fully the reference
of the leaves to Juglans.

Locality : Woodbridge.

Order MYRICACEZE,

MyricA EMarGINATA Heer?.
PL XLI, figs. 10, 11.
Myrica emarginata Heer, T1. Foss, Arct., Vol. VI, Abth, IT, p. 66,,Pl. XLI, fig. 2; PL
XLVI, fig. 12%.

Although our specimens have not the exact obovate outline of Heer's
species, as represented in Flora Fossilis Aretiea, Vol. VI, Abth II, Pl
XLI, fig. 2, the comparison seems to be sufficiently close to warrant a
provisional reference to it. No indication of name or locality accompanied
these figures or their corresponding specimens.—A. H.
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Myrica parvuns Heer.
PL XIX, fig. 6.

Myrica (Comptonia) parvula Heer, Fl, F;oss. Aret., Vol. VII, p. 20, P1. LV, figs, 1-3.

One complete leaf is the only specimen of the species contained in our
collections. It resembles very closely, though exceeding somewhat in size,
the leaves which are figured and described by Heer in his Flora Fossilis
Arctica, Vol. VIL, p. 20, PL LV, figs. 1-3, and it evidently belongs to a
closely allied species of the same genus, if not to this one. Professor Heer
describes on p. 77 of the same volume, and figures on Pl LXXI, fig. 12, a
fragment of a leaf to which he gives the name of Myrica (Comptonia) par-
vifolio. This is so similar to the last deseribed that it is difficult to see why
they should be separated. So fig. 9 on the same plate, named Myrica
borealis, may very well have been a leaf from the same tree.

Locality : Sayreville.

Myrica Newserryana Hollick, n. sp?

Pl XLII, fig. 5.

Leaf about 3°* in length by 1°" or more wide, summit blunt-pointed,
base unknown, margins undulate; nervation rather clear, but fine, midrib
strong, side branches given off at a large angle, curving upward and
inosculating near the margin.

Only two or three fragments of this species have been obtained, but,
though allied in appearance to M. femestrata, it differs from that in the
fineness, curvature, and divisions of the lateral nerves. :

Locality: South Amboy.

Myrica rENESTRATA Newb. n. sp.
PL XTI, fig. 32.

Leaf lanceolate, blunt-pointed, 4™ long by 1°* wide, margins undu-
late; nervation strong, lateral nerves given off from the midrib nearly at a

! Dr. Newberry’s manuscript name for this species was Myrica wndulata, but as Sehimper has
transferred the Dryandroides undulata of Heer to the genns Myrica, the names become identical. No
species of this genus having been hitherto named for Dr, Newberry, this one may be so designated.—
A, H,
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right angle and passing directly to or near the margin, thus dividing all the
area of the leaf into quadrangular spaces.

Only one specimen of this peculiar little leaf has been found. It
presents the general aspect of Myriea, but is distinet from any other species
with which it has been compared. The specimen figured is defective, and
may be but an imperfect representation of the species. It is, however,
different from any other in the collection, and therefore it deserves to be
mentioned.

Locality : Savreville.

Myrica cinvamomironia Newb. n. sp.

PL XXII, figs. 9-14.

Leaves long-petioled, oblong-lanceolate in outline, sometimes panduri-
form, abruptly narrowed to a point at base and summit, margins deeply
lobed, lobes one, two, or three on a side, rounded, obtuse; nervation fine
and regular, midrib straight, well-defined from base to summit; from this,
at or near the base of the leaf, spring two strong lateral nerves which reach
to or beyond the middle of the leaf or terminate in the lower main lobes;
from the middle upward, secondary nerves are given off, which terminate
in the lobes of the lateral margins and conneect with each other by many
inosculating branches.

Of these peculiar leaves quite a number are contained in the collee-
tion, but none is absolutely complete. Where nothing but the basal portion
of the leaf is preserved, almost anyone would refer it to Cinnamomum, but
all the cinnamons known have entire leaves, and yet there is an air about
the plant that makes it difficult to believe that there Is not some relationship
between them. Some of the Myricas are not unlike these, and I would
especially eall attention to the resemblance between Myrica parvula Teer
(FL. Foss. Arct,, Vol. VIL, p. 20, PL LV, figs. 1-3) and the leaf referred to
this species and represented in this monograph on Pl XIX, fig. 6; yet
the two basilar side nerves so characteristic of Cinmamomum are not, to
my knowledge, found in any species of Myrica, and hence the reference
to that genus is made with great mental reservation and is strictly provi-
sional. In fig. 9 of PL XXII simply the base of the leaf is figured, and
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here the resemblance to Cinnamomum will strike any observer; fig. 12 rep-
resents the panduritorm variety of the leaf, while fig. 11 shows a summit—
the most complete of any found.

Localities: Woodbridge, South Amboy.

Myrica acura IHollick n. sp.
Pl XLIL, fig. 35.

Leaf about 3 long by 1 wide, lanceolate, acute, sharply and irreg-
ularly denticulate in the upper part of the margin, lower part entire; second-
aries leaving the midrib at a wide angle, bending upward sharply near the
margin, anastomosing and connecting by cross veining.

This species is represented only by the upper two-thirds of a single
leaf, so that the characters of the lower part have not been determined

No indication of locality or probable botanical affinities accompanied
the figure or specimen.—A. II.

Myrica rARITANENsIS IMollick n. sp.
Pl XLII, fig. 34.

Leaf about 32™ long by 12™* or 13" wide, broadest in middle and
tapering acutely to both ends, margins dentate in upper half of leaf, entire
below; nervation obscure, sparse, and thin.

Dr. Newberry left no indieation as to his ideas concerning its prob-
able relationship or any information as to the exact locality where it was
found.—A. I

Order SALICACEZ.
Porurus? apicurara Newh. n. sp.
PL XV, figs. 3, 4.

Leaves ronnd-ovoid or ovate; 8 to 12" in length by 6 or 7" in
hreadth, pointed or acuminate at summit, rounded or slightly wedge-
shaped at base, petioled, margins entire; nervation delicate, midrib slender,
slightly flexuous, lateral branches about six on a side, gently curved upward
and uniting in a festoon near the margin.

These leaves have been placed in Populus with mueh hesitation.

They are not three-nerved, as are most leaves of that genus, and the ner-
MON XXVI—b5
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vation is more flowing and simple, less contorted and tangled, than in any
species of the genus Populus known to me. They elosely resemble, how-
ever, those leaves found in the Upper Cretaceous of Greenland which have
been called by Professor Heer P. hyperborea and P. Berggreni (Fl. Foss.
Aret, Vol. VI, Abth. IT, pp. 63, 64), and since no generie relationship that

is more plausible suggests itself, perhaps it is well enough to leave them
there for the time being.

Locality: Woodbridge.
SALIX PROTEAEFOLIA Lesq.
PL XVIIL, figs. 3, 4.
Saliz proteccfolin Lesq., Am. Jour. Sei., 2d series, Vol. XLVI, p. 94; Cret. FL, p. 60,
PL V, figs, 1-4.

In the figures cited above are represented two slabs of clay upon the
surface of which are spread out twigs and leaves of a willow which T have
been unable to distinguish from Saliz proteefolia Lesq. (Cret. FL, p. 60,
PL V, figs. 1-4), and yet, as the nervation is too imperfectly represented
in both the impressions in the Dakota group and those from the Amboy
Clays, it is impossible to insist upon the identification. It is manifest,
however, that this species differs from Saliz membranacen from the same
beds in having the base wedge-shaped instead of rounded. Further com-
parisons will be necessary before the relations of these leaves to the genus
Salix and to the species with which they have been compared can be satis-
factorily determined.

Locality : Woodbridge.

SALIX MEMBRANACEA Newh.
Pl XXIX, fig. 12,

Satiz membrangeea Newb,, Later Extinet Flovas, p. 19; Ilustrations of Oretaceons and
Tertiary Plants, Pl II, figs. 8, 8a.!

Leaves petioled, smooth and thin, lanceolate, long-pointed, rounded or

abruptly narrowed at the base, near which they: are produced, margins

i Thereference is to the plates of an nnpublished work. Twenty-sixof these plates were, indeed,
published in 1878, under the title Ilustrations of Cretaccous and Terfiary Plants, the figures having
been independently identified by Professor Lesqnerenx. Dr. Newberry, however, did not unccept all
these identifications, For example, on the above-quoted PL. 11, figs. 5-8 were referred to this species,
while Dr. Newberry refers figs. 5-7 to §. cuneata (see hibliograply, p. 18).—A. H.
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entire; medial nerve glender, often curved; 5(«;011(1;11‘).' nerves remote, very
regularly and uniformly arched from their bases, terminating in or produced
along the margins until they anastomose; tertiary nerves given off at vight
angles, forming a uniform network of which the areoles are polveonal,
often quadrate.

This is a well-marked leaf of what I had supposed to be a species of
Salix.  Without more material this can not be proven, but the form and
nervation harmonize well with that of many species of the genus. Like
the leaves of many of the willows, these are frequently unsymmetrical, one
side being most developed and the midrib eurved. The leaf is broadest
next the base, and is thence narrowed to a longe and acute point.

=

Localities : Sayreville, Woodbridge.

SALIX INEQUaLs Newh. 1. Sp.
PL XVI, figs. 1, 4, 6; PL XVII, figs. 2-7.

Leaves lanceolate, long-pointed, generally broadest near base, some-
times in the middle, 8 to 12°™in length by 4 to 5™ wide, long-petioled
to sessile, margins entive; midrib slender, generally flexuous, always or
mostly eccentric, dividing the blade longitudinally into two unequal parts;
secondary nerves slender, often invisible, curved upward and apparently
connecting near the margins.

A large number of specimens of the leaves of this plant are contained
in the collection. On PL XVII are given six figures illustrating the pre-
dominant forms. The eccentric position of the midrib is perhaps their most
striking character, and this has thrown a little doubt upon the propriety of
their reference to Salix and has suggested Sapindus, but the flexuous form
of the leaves is much more like the willows than like Sapindus, in which the
leaves are pinnately arranged, with a certain rigidity of structure. Hence,
until farther light is thrown upon the plant, I have thought it better to
leave it in the genus Salix.

Locality: Woodbridge.
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Savix NEwsErryana Hollick n. sp.t
Pl XTIV, figs. 2-7.

Leaves 10 to 15™ in length by 1 to 3 in width, lanceolate in out-
line, elongated at summit, wedge-shaped at base, petioled; finely and
sharply serrate; nervation fine, invisible on the upper surface, sharply defined
in the impression of the lower; medial nerve straight and strong; lateral
nerves given off at an angle of about 45%, numerous, inosculating at their
summits; intervals between them filled with a polygonal and relatively
coarse network.

These leaves are referred to Salix with doubt, although they possess
the outline, nervation, and margins of some of the willows of the present
day. The general appearance is somewhat like that of Celastrophyllum
angustifolium, deseribed in this monograph, but in that species the margin is
crenulate, while here it is finely and sharply denticulate. Professor Ieer
enumerates a number of species of Salix from Greenland, but they are from
the Tertiary and none from the Cretaceous beds.

Localities: Woodbridge, Sayreville, South Amboy.

Savix sp.?
Pl. XLII, figs. 6-8.

Leaf ovate-lanceolate in outline, 3 long by 1°* or more broad, entire,
tapering to a point above, rounded below, short petioled; nervation obscure.

These leaves have the general appearance of Saliv Reana Heer, as
figured in Flora Fossilis Arctica, Vol. VII, Pl. LXIX| fig. 2, but the nerv-
ation in our specimens is too indistinet for definite comparison. They
also closely resemble Saliz Hayei Lesq., although considerably smaller, as
figured at PL ITT, fig. 7, in the Flora of the Dakota Group. The affinity of
this latter species with 8. Reana is noted by Professor Lesquereux, and I
have thought it jprobable that all three species may have to be ultimately

'Dr. Newberry, in his manuscript, called this species Salic denficulata, a name which is preoccu-
pred by a Miocene species of Switzerland described by Heer. 1t was therelore decided to name the
Amboy species atter Dr. Newberry,—A. H.
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united under one speeific name. IHence it has seemed the wisest course to
leave this speecific name for future determination, when more and better
material may assist us in arriving at a definite conelusion.

The exact locality I have not been able to ascertain.—A. IL

Order FAGACEZ.

Quercus Jornstrupr Heer?.
Pl XIX, fig. 7.
yuercus Johnstrupi Heer, Fl. Ioss, Aret., Vol. VII, p. 24, P1. LVT, figs. 7-10, 11, 11b, 12a.
L ) 1 1

This is a somewhat obseure impression of the summit or upper half of
a notched leaf which, when complete, must have been very like some of the
specimens of the species to which it is provisionally referred, and which is
figured and described in Heer’s Flora Fossilis Aretica (loc. eit.).  Without
more material it will be impossible to assert the identity of the New Jersey
and Greenland plants, but they present no ditferences which would justify
us in separating them.

Locality : Sayreville.

Order ULMACEZE.

Praxera Kxowrnroniana Hollick n. sp?

1. XLII, figs. 1-4.

Leaves 2.5 to 5™ in length by 1" to 2°" in breadth, ovate, pointed;
margins coarsely serrate; nervation distinet, midrib flexuous, lateral nerves
numerous, simple, parallel, given off at an acute angle and terminating in
the serrations of the edges.

Of this little leaf quite a number of specimens are contained in the
collection, but none in a very good state of preservation. They are quite
elm-like in character, and closely resemble some of the species of Planera
that have been deseribed from the Upper Cretaceous and Tertiary rocks.

Locality: Woodbridue.

i Named for Dr. F. H. Knowlton on information from Prof. Lester F. Ward that the name P. antiqua,
which Dr. Newberry had given to this leaf, was preoccupied.—A. H.
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Order MORACE Z.
Ficus Woorsont Newb. n. sp.
Pl. XX, fig. 3; Pl XXIII, figs, 1-6.

Leaves ovate or heart-shaped, 8™ or 10™ broad, 10"™ to 12°* in length;
summit pointed, base emarginate, rounded or slightly wedge-shaped; mar-
gins entire; essentially three-nerved, the middle nerve being the strongest,
the basal lateral nerves reaching above the middle and giving off a series
of branches which inosculate near the margins.

The form and nervation of these leaves are very like those of Ficus
latifolia of the Laramie group, and they apparently represent a group of
species of the genus Ficus which had great development in Cretaceous
times, being represented in the Laramie by F. speciosissime Ward, F. plani-
costata Lesq., and F. latifolia Newb., and by F. tiliefolic Heer and F. sordida
Lesq. in the Tertiary. The species is dedicated to Mr. I. H. Woolson, of
the Columbia College School of Mines, who collected this, with many of
the other fossil plants described in this volume.

Localities: Woodbridge, Sayreville.

Frous ovara Newb. n. sp.
Pl. XXIV, figs. 1-3.

Leaves ovate, 8° to 12 in length by 4" to 5™ in width, petioled,
rounded or slightly wedge-shaped at base, long-pointed above, margins
entire; nervation that of F. Woolsoni, F. speciosissima, ete., that is, the leaves
are three-nerved, the midrib being the strongest, the lateral nerves reaching
above the middle of the leat and giving off parallel secondary branches,
which inosculate in a festoon near the margin, the space between the mid-
rib and lateral nerves, as well as between the secondary branches, being
filled with elongated arcoles formed by generally simple hranches which
span the interval.

This species is evidently closely allied to I. Woolsoni, from which it
differs chiefly in its ovate and long-pointed outline.
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Fig. 1 represents a large leaf, nearly entire; fig. 2, a specimen below
the middle size; fig. 3, a portion of the base, to show the petiole and the
blade decurrent on it.

Locality : Woodbridge.

Freos myricomnes Iollick n. sp.
PL XXXII, fig. 18; PL XLI, figs. 8, 9.

Leaves narrowly lanceolate in outline, apparently about 10°* long by
a little more than 2°" broad, blunt-tipped, entire; midrib straioht, second-
aries all of equal rank, straight, regular, parallel, and numerous, forming an
angle of about 45° or greater with the midrib, connected by fine cross-
veining near the l'nzhi'g'ins, where they form polygonal areoles.

[ have decided with some lesitation to unite under this name the
figures above indicated, although the imperfect base of fig. 9 and the absence
of a tip in fig. 18 render accurate comparison impossible.

No name or indication of locality accompanied either of the figures or

their corresponding speuimuns.—A. 5L
Order PROTEACEZ.

Prrsooxia LesQuerevxirt Knowlton.
Pl. XLI1I, fig. 16.
Persoonia Lesquerewrii Ku., FL. Dak. Gr., p. 89, PL. XX, figs. 10-12.

This is apparently a small leaf of the above species. Its identity with
Persoonia is apparent, and it so closely resembles the species quoted that I
have not thought it advisable to separate them.

No memorandum of either name or locality accompanied the figure or

the spechncn.—}L .
Prrsoonia spatunata Holhek n. sp.
Pl. XLII, fig. 14.

Leaf about 85™ long by 11™ or 12" wide at broadest part, ohovate-

spatulate in outline, rounded at the apex and tapering into a long, narrow
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base, margin entire; nervation fine, lower nerves forming an acute angle
with the midrib, upper ones more obtuse.

I have not seen another specimen exactly comparable to this, either in
our collection or in any from other localities, and it is with some hesitation
that I have placed it in the above genus.

No loeality is given, and no indication appears as to Dr. Newberry's
ideas in regard to its probable botanical relations.—A. H.

Prorrzommes papHNoGENOIDES Heer.
Pl XVII, figs. 8, 9; Pl XXXII, figs. 11, 13, 14; PL XXXIII, fig. 3; PL XLL fig. 15.

Proteoides daphnogenoides Heer, Phyllites Crétacées du Nebraska, Nouv. Mém. Soe.
Helv. S¢i. Nat., Vol. XXII, No. 1, 1867, p. 17, PL IV, figs. 9, 10.

Leaves lanceolate, 15 to 25 long by 2°™ to 3 wide, more or less
abruptly narrowed to the base, gradually tapering upward to a long, acute,
generally flexuous point; margins entire, surface smooth; medial nerve well
marked toward base and thread-like at summit, lateral nerves slender, leav-
ing the midrib at an acute angle, connected in a flowing festoon near the
border; tertiary nerves forming many rounded or subquadrate areoles.

The leaves represented by the figures now given and many other
specimens in our collections seem to be identical with those deseribed by
Heer in his Phyllites Crétacées du Nebraska (p. 17, PL IV, figs. 9, 10) and
ficured and described more in detail by Mr. Lesquereux in his Cretaceous
Flora, p. 85, PL. XV, figs. 1, 2. Such leaves are not at all uncommon in the
Dakota group of the interior of the continent, and while the finer details
of nervation are generally wanting, so far as observable they correspond,
to what we find in a rather common group of leaves in the Amboy Clays.
The figures now given will serve for a comparison with those published by
Heer and the still better ones given by Mr. Lesquereux. These leaves
afford another point of identity between the flora of the Amboy Clays and
that of the Dakota group at the West, still further strengthening the conclu-
sion drawn from the other identical species that the geological level of the
two formations is nearly the same.

Localities: Woodbridge, Sayreville, ete.
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Order MAGNOLIACEZE,

Macenouia Lacosava Lesgt
PL XV, figs. 1, 2.

Leaves round-ovoid, 15™ long by 10* wide, blunt-pointed at summit,
slightly wedge-shaped at base: nervation regular and characteristic of the
genus, midrib slightly flexuous, lateral nerves almost uniformly spaced,
simple until they approach the margins, when they conneet in a regular and
graceful festoon.

We have too little material which we can consider as representing this
species to insist npon its definition or classification. The two specimens
represented in the figures now given are from the same locality and presum-
ably represent the same species; but if so, we have no other representatives
of that species, and if not, the two leaves belong to two species of which
we have no other traces in the colleetion. Though in a somewhat different
state of preservation, they agree well enough as regavds their form and
nervation, and it has seemed to me better to consider one the summit
and the other the base of a leaf of a species of Magnolia which differs from
any other in the collection by being much broader and rounder. In form
and in nervation it strikingly resembles some leaves we might select of
Magnolia acuminata.

Locality : 'Woodbridge.

MacNorniA ALTERNANS Heer?.
PL LV, figs. 1, 2, 4, 6.

Magnolia alternans Heer, Phyllites Crétacées dn Nebraska, p. 20, PL 111, figs, 2-4;
Pl IV, figs. 1, 2,
I have with some hesitation considered the plant represented in the
figures now given as identical with ITeer’s species from the Dakota group
of Nebraska, the chief difference being that in M. alternans the leaf is

wedge-shaped at the base, while in our species from the Amboy Clays

' The original manuseript name hy which Dr. Newherry designated this species is Magnolia lafi-
folia, n. sp. 1t is, however, manifestly identical with M. Lacoeana Lesq. (I'l. Dak. Gr., p. 201, . LX,
fig, 1.)—A. H.
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the base i3 sometimes rounded and sometimes wedge-shaped. 1 doubt if the

latter character can be insisted upon as a characteristic feature of M. alter-

nans. In other respects the leaves are essentially identical. The middle

nerve is strong and persistent, lateral nerves fine, generally alternating and

forming a continuous and marked festoon parallel with the margin.
Locality: Woodbridge.

Maeyorta eravcomms Newb. n. sp.
Pl. LVII, figs. 1-4.

Leaves elliptical, 10™ to 12°™ in length by 4" to 5 in width, long
petioled, rounded at summit, slightly wedge-shaped at base, margins entire;
nervation delicate or sunk in the integument ot the leaf, midrib strong,
lateral nerves numerous, fine, leaving the midrib at an acute angle, uniting
to form a festoon near the margin.

It would be difficult for anyone to discover any marked difference
between these leaves and those of the common Magnolia virgiviana 1.
(M. glauca). The petiole is perhaps longer, but this is a variable character
in the living species, and yet we should hardly be warranted in consid-
ering this as identical with the common plant of our Atlantic States.
Possibly in the future the fruit and foliage may be found so fully repre-
sented that it may be possible to establish the identity; at present it seems
better to indicate by the specific name the close resemblance between them.

Locality: Woodbridge.

Maayonia woonsripgeNsis Hollick n. sp.!
Pl. XXXVI, fig, 11; Pl LVIL, figs. 5-7.

Leaves 12°™ to 18" in length by 5™ to 8™ in greatest breadth, long-
ovate in outline, broadest near base, rounded below, blunt-pointed at
summit, margins entive; nervation delicate.

These leaves have somewhat the form of those of M. longifolia, but are
much smaller, more wedge-shaped, broadest near the base, rapidly drawn

into a narrow but obtuse summit.

"In Dr. Newherrys manuseript this species is named Magnolic cuneata, hut as he had already
given that name to a fossil plant from the Cretaceous of Oreas Island (Geol. Rept. of the Exploration
of the Yellowstone and Missouri rivers. 1869, p. 168), it became necessary o change it, and it was
accordingly named for the locality at which it was colleeted.—A. H.
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The texture of the leaf would geem to have been thin, as the margins are
generally somewhat warped and the surface undulate, as though yielding
readily to local pressure.

Locality: Woodbridge.

MaGNoLIA AURICULATA Newb. n. sp.
Pl. XLI, fig. 13; Pl LVILI, figs. 1-11.

Leaves ovate, 8™ to 12" long, petioled, acute or blunt-pointed, base
rounded, more often auriculate, margins entire; nervation that of the Mag-
nolias, viz, lateral nerves given off at a large angle, widely separated,
inosculating at the ends to form a festoon parallel with the margin.

I have included these leaves in the genus Magnolia with much hesita-
tion. They are sharply defined, beautifully preserved, and exhibit some
features unlike any others in the collection—that is, the base is generally
somewhat truncated or eared, as in figs. 1, 4, 6, and 11 of PL LVIII, and
sometimes the auriculation is peculiarly complete and exact, as in fig. 1,
where the ears are symmetrieal and helicoid. It is quite possible that
ultimately facts will be brought to light which will require the reference of
these leaves to a new genus, but since the nervation is similar to that pre-
railing among the Magnolias, and there is developed among them a marked
tendency toward the auriculation of the hase of the leaf, as is seen in M.
Fraseri and M. macrophylla, it has seemed to me that our plant could not
be far removed from this group. In studying these leaves, Aristolochia,
Polygonum, and Maclura have suggested themselves. In Aristolochia we
generally find a deeply cordate leaf which is sometimes almost auriculate,
but the nervation is always different from that before us. In Polygonum
it is common to find auriculate and hastate leaves, but the plant is herbace-
ous, with thin and delicate leaves, and with a nervation different from that
under consideration. In Maelura the form, consistence, and nervation of
the leaves are much like these, but there iz apparently no tendency to the
formation of the hastate or auriculate base. Hence the weight of proba-
bility seems to be in favor of Magnolia, and for the present we leave it
there. In consistence the leaves seem to have had smooth surfaces and to
have been rather thick.

Locality : 'Woodbridge.
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Maeyonra LoNgipes Newb. n. sp.
Pl LIV, figs. 1-3.

Leaves ovate-oblong, rounded or wedge-shaped at base, obtuse at sum-
mit, very long petioled; nervation open, midrib very strong, lateral nerves
relatively remote and delicate, uniting above to form a festoon of large
meshes parallel with the border.

The most striking feature in these leaves is the length of the petiole,
which sometimes reaches 12°™ or 13 whereas in M. glaucoides and M.
longifolia it does not exceed 5 in length. Another distinguishing feature
is the loose and open character of the secondary nervation.

Locality: Woodbridge.

MaenoLia LoNeIFoLIs Newh. n. sp.
PL LV, figs. 3, 5; Pl LVI, figs. 1-4.

Leaves oblong or long-ovoid, 30*" or more in length by 10° in width at
the broadest part, petioled, base narrowed or rounded, summit subacute or
obtuse; nervation characteristic of the genus, midrib strong, lateral nerves
nearly uniform in strength, running parallel toward the margin, there
uniting in a festoon or rather large loops.  Between the prineipal lateral
nerves issue shorter secondary nerves which branch at the summit and are
lost among the areoles of the tertiary nervation.

[ include in this species a group of quite large Magnolia leaves, of
which a fair idea can be obtained from the figures now given. These leaves
are so large that we have never suceeeded in taking out one of them entire;
yet in fig. 1 on PL LVI we have what is approximately the full form of the
leaf. The summit belonged to a different leaf from the base, but the por-
tion represented corresponds very nearly to that which was broken away.

Locality : 'Woodbridge.

Genus Lirtopenprox Linnseus.
The genus Liriodendron, as all botanists know, is represented in the
living flora by a single species, “the tulip tree,” which is confined to

eastern America, and a doubtful variety, from ecastern Asia, L. tulipifera
chinense. It is a magnificent tree—omn the whole, the finest in our forests.  lts
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cylindrical trunk, sometimes 10 feet in diameter, carries it beyond all its
associates in size, while the beauty of its glossy lyre-shaped leaves and
tulip-like flowers is surpassed only by that of the flowers and foliage of ifs
first cousin, Mugnolia grandiflore. That a plant so splendid should stand
quite alone in the vegetation of the present day excited the wonder of the
earlier botanists, but the Sassafras, the sweet gum, and the great Sequoias
of the far West afford similar examples of isolation, and the latter are still
more striking illustrations of solitary grandeur.

Before the study of fossil plants threw its light upon the history of our
living flora sueh cases admitted of no satisfactory explanation, but we now
know that all the trees enumerated above, with our magnolias, button-ball,
and deciduous cypress, are relics of the golden age of North American
vegetation; of a time when a genial climate prevailed all the way to the
Arctie Sea, and when a well-watered and fertile soil supported forests in
which our now lonely giants lived surrounded by brothers, cousins, and
more distant relatives as gigantic as themselves, and all combined to form
the greatest forest growth the world has ever seen.  Buf this glorious sum-
mer, which continued perhaps a million of years, and created or fostered
all the noblest forms of forest life that have come down to us, and many
perhaps nobler that have perished, was followed by a winter of correspond-
ing severity and duration—the Ice age—in which snows and glaciers
spread from Greenland and Alaska southward until two-thirds of the con-
tinent was under snow and ice. All the region north of New York and
Cincinnati was then changed from a paradise to a howling wilderness,
where not a trace remained of the luxuriant vegetation that before covered
the surface, or of the varied fauna that was associated with it, except where
leaves, trunks, and bones, relics of earlier generations, were buried in rock
or soil too deep to be reached by the grinding glacier or the burrowing
torrent. These relics we have disinterred on Greenland, Disco Island, on
the McKenzie River, and in Alaska, as well as at many places farther
south, ag in the country bordering the Columbia, or the Missouri, and in
New Jersey and Virginia. Seven quarto volumes filled with descriptions
and plates of fossil plants constitute the contribution that Prof. Oswald
Heer has made in hig Flora Fossilis Arctica to our knowledge of the veg-
etation that covered the circumpolar lands before the Ice age, and an equal
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mass of material has been gathered by Lesquereux, Ward, Fontaine, and
the writer, as a preparation for the work of illustrating the wonderfully
vich Cretaceous and Tertiary flora of North Ameriea. Although but a
beginning has yet been made, already the remains of at least a thousand
distinet species of arbovescent plants have been brought to light. The
botanieal velations of many, perhaps most of these, are vet to be aceu-
rately determined, but the general character of the vegetation which
covered our continent in the later geological ages has certainly been
ascertained, and much light has been thrown on the dervivation and
history of our present flora.

With the facts before us we are fully warranted in making the state-
ment that our angiosperm flora began its existence on this continent in
early Cretaccous times; that even then its present aspects were distinetly
developed, and subsequent changes have been rather of degree than of
kind. In the banishment of our Tertiary flora from the great area it
once oceupied, and its restriction to the narrow space at the south into
which it was forced, many of its finest elements were destroyed; and
when, with an amelioration of climate, the exiles returned to that portion
of their former home again opened to them, they came as a handful repre-
senting a host, perhaps as solitary species, remnants of generic groups that
had mostly perished by the way.

Among these survivors the Sequoias stand first in magnitude and
interest, and their story has been admirably told by Dr Gray in his
Sequoia and its History. Gingko and Platanus have heen deseribed by
Prof. Lester F. Ward in several memoirs. The Liriodendron, the Magnolias,
the Liquidambar, the Cypress, and the Sassafas will also, I hope, have
their biographers, and to aid in the task of one of these I new give some
of the facts which have come to my knowledge in regard to the history of
our lyre-leaved tulip tree.

At least two species of Liriodendron are indicated by leaves found in

the Amboy Clays—Middle Cretaceous—of New Jersey, and others have
been obtained from the Dakota group, from the Upper Cretaceous strata
of Greenland, and the Laramie of the West. Though differing considerably

among themselves in size and form, all these have the deep sinus of the



DESCRIPTION OF SPECIES. 79

upper extremity so characteristic of the genus, and the nervation is also
essentially the same. Hence we must conclude that the genus Lirioden-
dron, now represented by a single species, was in the Cretaceous age much
more largely developed, having many species, and those seattered through-
out many lands. In the Tertiary age the genus confinued to exist, but the
species seem to have been reduced to one, which is hardly to be distin-
guished from that now living. In many parts of Europe leaves of the
tulip tree have been found, and it extended as far south as Italy. Its
presence there was first made known by Unger in his Synopsis (p. 232)
and in his Genera et Species (p. 443), where he describes it under the
name of Liviodendron Procaccinii. Later it was mentioned by Massalongo
(Studii F1. Foss. Senigall,, p. 311) and Heer (Urwelt der Schweiz, p. 332),
and it is enumerated and figured among the fossil plants of Iceland by Heer
in his Flora Fossilis Aretica, Vol. I, p. 151, PL. XXVI, fig. Th; Pl XXVII,
figs. 5-8; and from the Tertiary of Greenland, Vol. VII, p. 121, PL
LXXXIII ‘Leaves of similar form are deseribed and figured in Heer’s
Flora Tertiaria Helvetize, Vol. III, p. 29, PL CVIIIL, fig. 6, with the name
of Liriodendron helveticum Fiscly; also Ettingshausen, in his Flora v. Bilin,,
Part 111, p. 9, PL. XLI, fig. 10, describes a fragment which he names L.
Haueri.  All these are, however, so much like the living species that it is
impossible to distinguish them, and they should probably be united with it.
We here have a striking illustration of the wide distribution of a species
which has retained its characters both of fiuit and leaf quite unchanged
throughout long migrations and an enormous lapse of time.

In Europe the tulip tree, like many of its American associates, seems
to have been destroyed by the cold of the Ice age, the Mediterranean
cutting off its retreat; but in America it migrated southward over the
southern "extension of the continent, and returned northward again with
the amelioration of the elimate.

Of the species of Liriodendron found in the Dakota group of Kansas,
the leaves of one, L. primevum Newb. (Later Hxtinet Floras of North
Ameriea, ete., Ann. N. Y. Lye. Nat. Hist, Vol. IX, p. 12), are much like
those of the living species, but considerably smaller. Another species (L.
Meekii Heer) has small, fiddle-shaped leaves. Professor Heer considers this
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identical with L. primevum, but the form is quite different, and no connect-
ing links have been found.  Professor Heer also unites with L. Meekii some
ovate emarginate leaves from the Dakota and Greenland strata, to which he
formerly gave the names Plyllites obeordatus and Leguminosites Marconanus ;
but it is by no means certain that they were borne by the same tree that
carried the leaves called Liriodendron Meekii. Tndeed, the probabilities are
against it, since no intermediate forms have been found, and none of the
panduriform leaves of L. Meekii have been obtained from Greenland, where
obovate, entire, or emarginate leaves similar to those given the above names
do oceur, and also many of the emarginate, oblong-ovoid, or lanceolate
leaves which I have called Liriodendropsis simplez.

Several additional species of Liriodendron are enumerated by Mr. Lesq-
uereux among the fossil plants of the Dakota group, viz: L. gigantewm Lesq.,
L. intermedium Lesq. (Cret. FL, p. 93, PL XX, fig. 5; Pl XXII, fig. 2), L
acuminatum Lesq., L. cruciforme Lesq., L. semi-alatuim Lesq., L. pinnatifidum
Lesq. (Bull. Mus. Comyp. Zool, Vol. V11, No. 6, p. 227). As only the first
two are figured, and these from fragments, and the others very briefly
described, 1 am unable to make any satisfactory use of this important
material in tracing the life history of the genus.

I have! elsewhere reported as a remarkable fact that among all the
great collections of Laramie and Eocene plants made in Washington, Wyo-
ming, and Colorado, and in the country bordering the upper Missouri, not
a single leaf of Liriodendron had yet been identified. Since then a frag-
mentary specimen has been described from the Laramie strata, Point of
Rocks, Wyo., by Prof. Lester F. Ward (Bull. 37, U. 5. Greol. Survey, p. 102,
Pl XLVIII, fig. 2), and during the summer of 1889 numerous leaves of a
marked species of this genus were obtained by Mr. R. C. Hills from the
Lower Laramie at Walsenberg, Colo?  Thus another link in the chain has
been supplied.

NorE.—At the time when the above was written the Flora of the Dakota Group,
as edited by Dr. Knowlton from Professor Lesquereux’s manuseript, had not been
published, and Dr. Newberry never saw the still fursher development of this genns
as there depicted.—A. L

L Bull. Torrey Bot. Clab, Vol. X1V, p. 8.
2 1. alatum Newh., Hollick in Bull, Torrey Bot. Clab, Vol. XXI, p. 167, Pl COXE—A, H.
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LLirIODENDRON QUERCIFOLIUM Newb.
Pl. LI, figs. 1-6.

Liviodendron quercifolium Newberry, Bull. Torrey Bot. Club, Veol. XTIV, Jannary, 1887,
p. 6, Pl LXII, fig. 1.

Leaves large, 15°™ long by 10°" broad, long petioled, base horizontal
or slightly cordate, summit deeply emarginate, sides bearing each three or
four pointed, sometimes spatulate lobes, separated by narrow sinuses which
reach nearly to the midrib; nervation regular, midrih straight or curved,
terminating at the bottom of, the sinus of the summit, strong side branches
traversing each lobe and terminating in the point between these more
delicate, generally simple branchlets.

The general form of these leaves is considerably like that of some
of the oaks, Quercus alba, (. nigra, ete., a character which has suggested
the name. The strong terminal emargination and the nervation suffice,
however, at once to separate them from Quercus and bring them into
Liriodendron. As will be seen by the figures now given, there is consid-
erable diversity in these leaves, some having broader lobes and shallower
sinuses, approaching the form of those of L. oblongifolium, with which they
are associated in the Amboy Clays. As a whole, they show a variation
from the leaves of the living species in an opposite direction from those of
L. oblongifolium, the latter being more simple in outline, oblong in form,
with small points or lobes on the sides, whereas these are much more
deeply lobed.

Locality: Woodbridge.

LirtovexprON opLONGIFoLIUM Newb.
PL LII, figs. 1-5.
Liriodendron oblongifolivm Newberry, Bull. Torrey Bot. Club, Vol. X1V, Janunary, 1887,

Pi3y Bl X, fial 1,

Leaves 15 to 20" in length by 10°* to 12° in breadth, oblong in
outline, long petioled, base rounded, square, or slightly cordate, summit
deeply emarginate, sides bearing three or more obtuse or acute points, sep-
arated by shallow sinuses; nervation distinet, moderately strong, midrib

MON XXVI—6
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straight, terminating in the bottom of the sinus of the upper extremity,
lateral nerves nearly straight, parallel, forming two series, the stronger ones
separated by intervals from 6™ to 12™ broad, branching and inosculating
at their extremities, and forming a series of loops near the margin; between
these are shorter and more delicate nerve-branches, which are usually
simple and equally divide the interspaces.

Unfortunately, but few of these leaves have been found, and none of
them are quite perfect. Together, however, they are sufficient to determine
the general form and nervation. Their resemblance to the leaves of the
living species, L. tulipifera, is striking, bat the form is more oblong. In
the living species the lobes of the margin are quite variable; generally the
basal pair are much developed, and above these a deep sinus on each side
leads up to the terminal points. Not infrequently, however, we find two
and sometimes three points on a side, and a much nearer approach to the
form of the leaves before us. The leaves of the living species are, how-
ever, always shorter, and relatively broader, yet the resemblance on the
whole is so close that it is impossible to avoid the conclusion that we have
in these Cretaceous leaves relics of the progenitor of the living species,
with all the more important characters of form and nervation already
distinetly specialized.

Locality: Woodbridge.

Genus Lirtopexprorsts Newberry gen. nov.

Leaves ovate, oblong, or lanceolate, petiolate, base wedge-shaped or
rounded, summits broadly emarginate, margins entire, sometines undulate
or slightly constricted to almost fddle-shaped: nervation crowded and fine,
but distinet, midrib slender, generally flexuous, terminating in the bottom
of the apical sinus; secondary nerves leaving midrib at a large angle,
uniting in festoons near the margins; tertiavy nervation distinet, filling the
space between the secondary nerve-branches with a rather fine network;
meshes elongated near the midrib, rounded or polygonal near the margins.

I have thought it best to distinguish by a new generic name a group
of leaves which are numerous in the Amboy Clays and the Atane beds of
Greenland. They have been hitherto included in the genus Liriodendron
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by Professor Heer and myself, but while they are evidently related to the
tulip tree, their simple ovate or lanceolate form, relatively small size, and
strongly marked, reticulated nervation separate them into a group by
themselves possessing characters which seem to have more than a specifie

value.

Lirtopexprorsis stMpLEX Newh.
Pl XIX, figs. 2, 3; Pl LIIL figs. 1-4, 7.
Liviodendron simplex Newberry. in part, Bull. Torrey Bot. Club., Vol. X1V, 1887,

p. 6, PL. LXII, figs. 2, 3.

Leaves 8™ to 10°™ in length, long petioled, ovate-lanceolate in outline,
sometimes undulate to slightly fiddle-shaped or constricted, from 3" to 6
in width at the broadest part, summit emarginate, wedge-shaped; nervation
fine but distinet, midrib strong, terminating abruptly in the sinus of the
summit, lateral branches forming two sets, the first and larger being sepa-
rated by intervals of about 6™, branching near their extremities, and
anastomosing to form a coarse network along the border; the spaces
between these divided unequally by one or several smaller, shorter, and
generally simple nerve-branches which run parallel with the large ones,
sometimes connecting with the exterior network; all the spaces between
the lateral nerves oceupied by a relatively coarse reticulation.

Although so different from the leaves described under the names of
Liriodendron oblongifolium and L. quercifoliwm, these have in common with
them the peculiar angular emargination so characteristic of the genus, and
essentially the same nervation. The more elongate and lanceolate form
represented on PL LIIL figs. 3, 4, oceurs in considerable numbers, and
apparently represents a distinet species, but others are broader and more
ovate or irregular in outline, like those represented on PL XIX, figs. 2, 3;
Pl LIII, figs. 1, 2, 7.

Professor Heer, in his Flora Fossilis Aretica, Vol. VI, Abth. II, PIL
X XTI, has represented a number of leaves which apparently belong to the
same species with those now under consideration. All these he regards as
varieties of L. Meckii, first deseribed by him from the Dakota sandstones,
but it scems to me that they do not represent either of the two forms



84 THE FLORA OF THE AMBOY CLAYS.

from the Dakota group, neither of which has yet been found in Greenland.
Ilence, until more material shall show the simple, ovate, or lanceolate
farms to be connected by insensible gradations with others, I must regard
them as specifically distinet.

Locality: Woodbridge.

LIRTODENDROPSIS ANGUSTIFOLIA Newh. n. sp.

PL LIII, fig. 8.

Lirviodendron simplee Newherry, in part, Bull. Torrey Bot. Club, Vol. X1V, 1887, p. 6,
PL LXTI, fig. 4.

Among the elongated leaves that have been eredited to Liriodendropsis
a large number occur in the collection which are well represented by fig. 8.
They may be surmised to be but varieties of Liriodendropsis simplex, but
the outline is so different, so narrow and elongated, that it has seemed to me
improbable that they belonged to the same tree.  For the present at least,
therefore, I have thought it best to congider them representatives of a dis-
tinet species.  In some places the clay is literally packed with, them, pre-
senting essentially the same outlines, and there can be no doubt that if a
new variety it was a permanent variety and such as deserves to be desig-

nated by a distinct name.

Order MENISPERMACE A.
MeNispERMITES BOREALIS Heer?.
Pl. L, figa. 1-6.
Menispermites borealis Heer, Fl. Foss, Avet.,, Vol. VI, Abth. IT, p. 91, PL XXXIX, fig. 2.

Many fragments of leaves have been found which I have been inelined
to refer to this species. Unfortunately, Professor Heer's deseription was
founded upon a single fragment of a large leaf, which failed to give to him
a clear idea of its outline and structure. It was, however, apparently
unsynmetrica,], and, g0 far as we can judge from so little material, must
have been similar in outline and nervation to the leaves figured on PL L.
These are triangular in outline, with the midrib much nearer one side than
the other, as though one-half of a large cordate leaf had been developed at
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the expense of the other side. Professor Heer’s leaf would seem to have
been very much of the same character; so provisionally I unite them.
Fig. 3 gives nearly the entire outlineg of the leaf. It will be seen to have
somewhat the shape of Menispermites obtusiloba Lesq. (Cret. I'L, p. 94, PL
XXV, fig. 1; PL XXVI, fig. 3), with which Heer compares his plant; but
our leaves are smaller, are more decidedly unsymmetrical, and have entire
margins. Supposing Heer's figure to represent a normal leaf of his species,
those we find in New Jersey are too closely allied to it to permit us, with-
out more material, to separate them,

Locality: Woodhridge.

Mexispermites Warnrmanus Hollick n. sp.

Pl XXIX, figs. 9, 11.

Leaves about 8™ long by 4 broad at widest part, unsymmetrical in
shape, the midrib being nearer to the concave side, strongly triple-nerved,
and with a subsidiary nerve near the convex margin, giving the appear-
ance of unequal quadruple nervation; margins entire, apex pointed, base
cuneate.

In placing these specimens under the above genus I have followed Dr.
Newberry’s probable disposition of them as indicated by his comparison of
other similar unsymmetrical leaves with this genus. (See Pl L of this
monograph.)

The specific name is given in honor of Prof. Lester . Ward, of the
United States Geological Survey.

Exact locality not recorded.—A. H.

Order LAURACEZ.

Lavrus pruroNia Heer.
PL XVI, figs. 10, 11.

Lawrus pudtowia Heer, T'L Foss. Avet., Vol. VI, Abth. [T, p. 75, PL. XIX, figs. 1d, 2, 3, 4;
Pl XX, figs. 3a, 4-6; Pl. XXIV, fig. 6b; P1. XXVIII, figs. 10, 11; PL XLII,
fig. 4bs Vol VII, p. 30, P1. LVIIL, fig. 2; PL. LXIL, fig. la.

The numerous figures given by Professor Ileer of his species are
so fragmentary that they leave much to desire in reference to the form
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and nervation of the leaves, Among our Amboy Clay fossils there are,
however, a number of lanceolate leaves which resemble so closely those
figured by Heer as to lead me to refer them to his species.  As a general
rule our leaves are bhroader in proportion to their length, but this is the
only perceptible difference.

LavrorPuyLLUM MINUS Newh. n. sp.
PL XVI, figs. 79,

Leaves elongate, obtuse at summit, \Vedge-slmped at base: midrib very
strong, lateral nervation invisible, indicating a thick and coriaceous leaf.

In general form and consistence these leaves approach those which
have been described under this generic name, and whicl, are 80 common in
the Dakota sandstone. For the present I have thought best to associate
them, although tlie generic affinities are yet doubtful.

LavrorayLLUM ANGUSTIFOLIUM Newb. n. sp.
Pl XVIL, figs. 10, 11.

Leaves 12 to 15 iy length by 2 wide, long lanceolate, widest
above, summit subacute, base wedge-shaped, short petioled, marging entire,
straight, pronounced secondary nervation delicate, often invisible; general
surface smooth.

We have in our collections a group of very symmetrical, lance-linear
leaves, of which the smooth surface, the coriaceons texture, the symmetrical
outline, and strong midrib are features whicl ally them to Laurophyllum.
I therefore provisionally place them in that genus, giving them a specific
name indicating their narrowness,

Among the leaves figured by Heer in his Floga Fossilis Aretica some
of those which he has callad Myrica longa (Vol, VI, Abth. IT, p. 65, Pl
XXIX, figs. 15-17; Vol. V I, p. 21, ete.) resemble in form those under
consideration, hut others are much broader and must beloug to a different
species from ours.

Locality: Woodbrid ze.
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LAUROPHYLLUM LANCEOLATUM Newb. n. sp.
Pl, XVII, figs. 1, 12

Leaves lanceolate, 10° to 15 in Jength by 2°® to 3" in width, short
petioled, margins entire, qummit narrowed to an obtuse or rounded point,
base wedge-shaped; medial nerve strong, lateral neryes fine, subequal,
arched upward, and’ connecting near the margin; surfaces smooth, consist-
ence apparently coriaceous.

Leaves similar to those represented in the figures cited are quite com-
mon in the New Jersey clays. They may be recognized by their smooth,
shining surface, the nervation for the most part lost in the parenchyma, the
strong midrib, the short but robust petiole, and the narrowed but obtuse
apex. Ingeneral character they agree well with the somewhat larger leaves
common in the Dakota sandstones, to which Mr. Lesquereux has given the
name of Lawrophyllum reticulatum, and which are rather inadequately rep-
resented in his Cretaceous Flora, p. 76, PL XV, figs. 4, 5. The leaves were
evidently thick and leathery; hence the details of the secondary and ter-
tiary nervation are rarely seen. Until the fruit is found in connection with
these leaves, or at least until the nervation is well known, any attempt to
determine their botanical relations must be unsatisfactory, but an indesc ib-
able something about them impresses the observer with the conviction that
they belong to the laurel family.

Locality: Woodbridge.

SassAFRAS AcurinosuM Lesq.
P1. XXV, figs, 1-10; PL XXVT, figs. 3-6.
Sassafras acutilobum Lesq., Cret. FL, p. 79, P1. XTIV, figs. s

One of the most common of the trilobed, sassafras-like leaves of the
Amboy Clays offers no character by which 1 can distinguish it from S.
acutilobum of the Dakota sandstones of Nebraska. A number of figures
are now given iMustrating the variations in size and outline, but nearly all
these forms could be duplicated at the West. Velenovsky has found what
seems to be this same species in the Upper Cretaceous rocks of Bohemia
(Flora der Bohm. Kreidef,, Part 111, p. 2, PL I1, fig. 1).

Locality: Woodbridge.
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SASSAFERAS PROGENITOR Nowh, 11, sp.
PL XXVII, figs. 1-3.

Leaves trilobed, 8 to 9¢em long, lobes pointed or obtuse, central lobe
somewhat spatulate, base somewhat \-\-“edg'e-shaped; nervation and outline
that of normal leaves of . sassafras (L.) Karst.

Among the trilobed leaves which form so strikihg a feature in the
Cretaceous flora there are several that have so strong a resemblance to our
living Sassafras that they have been provisionally referred to that genus.
S. eretaceum Newh. of the Dakota group has been generally accepted as a
Sassafras, while some authors, noting the tendency of these sassafraslike
leaves to run into those more like the living palmate-leaved Aralias, have
suggested that all should he placed in a provisional genus, Araliopsis. Tt is
doubtless wise to avoid hasty generalization or positive assertion in regard
to the botanical relations of plants which have left us only their toliary
appendages, in better or worse state of preservation. There can be little
doubt, however, that in the present case the :Lssé:mhptiou that we have here
the remaing of a species of Sassafiras very closely allied to the living one is
well founded. A glance at the outlines and nervation of the three figures
which have been cited will show s0 close a resemblance to the living Sas-
safras as to make a generic separation of these two plants unwarranted,
When it is remembered that our commaon Sassafras stands alone in our
flora, it is evident that its history reaches far back into the past, and, as in
the case of the tulip tree and sweet gum, we must look for its kindred
in the remains of the forests of the Tertiary and Upper Cretaceous periods.
Doubtless we shall sooner or later find the fruit connected with the leaves,
and thus have all our doubts put at rest.

Locality : Woodbridge.

SassAFRAS HASTATUM Newh. n. sp.
Pl XXVLL, figs. 4-6; P1. XXVIL, figs. 1, 2; pI, X1, fig, 4.

Leaves trilobed, lohes conical, entire, middle one largest, laterai lobes
nearly horizontal, giving a hastate outline to the leaf.

Very considerable diversity is seen in the forms of the leaves which T
have united in thig species, and perhaps they should be separated into two
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or more groups, The normal form of the hastate leaf is seen in Pl. XXV1I,
fig. 6; DL XXVIII, figs. 1, 2; but oceurring with these arc forms like figs.
4 and 5, PL. XXVII, in which the lateral lobes are turned up and there is
a near approach to the form of 8. progenitor. There is, however, so wide ¢
difference between the prevailing forms of these halberd-shaped leaves and
others with which they are associated that it seems necessaty to regard
them as forming a distinet gpecies.

Locality: Woodbridge.

(INNAMOMUM INTERMEDIUM Newh. n. sp.
Pl. XXIX, figs. 1-8, 10,

Leaves symmetrically lance-oval or lentiform, petioled, 10°™ to 12" in
length and 3™ to 4 in width, blunt-pointed at summit, narrowed to the
base; nervation strong, lateral nerves ‘springing from the midrib either at
the base or a little above and reaching almost to the summit, giving off
lateral branches from the base up, which unite to form a festoon parallel
with the edge. On the inside the branches from the midrib are delicate
and inconspicuous until above the middle; three or four alternate pairs are
then given off, which converge in a festoon o the summit.

The leaves of this species of Cinnamomum are intermediate in character
between those of C. mississippiense, C. Heerii, and C. affine, all of Lesque-
reusx, which have the base broad and rounded, and C. sezannense Wat. and
. Scheuchzeri Heer. They have more the form of C. ellipsoidewm Sap. et
Mar., Révision de la Flore Heersienne de Gelinden, p. 61, PL IX, figs. 7-9,
but are larger, generally more wedge-shaped at the base, are longer peti-
oled, and in cases have the lateral nerves brought much nearer the point.
If, however, they had been found in the same country and beds of the
same age, 1 should feel compelled to consider them as but forms of that
species.

Tocalities: Woodbridge, Sayreville.
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Order ROSACEZE,
ProNus? acurronia Newb. n. sp.

PL X1V, fig, 1.

Leaf ovate, acute at summit, slightly wedge-shaped at base, margins
servate; nervation unknown; dimensions, about 4 long by 2 to 3™ wide.

The name given above is applied to a unique and imperfect leaf, and
one which presents all the ordinary characters of Prunus, and yet it is far
tfrom being conclusive evidence of the presence of this genus in the Amb ¥
flora.  Doubtless other leaves of the kind will be hereafter found which will
throw some light upon the question of its botanical relations.

Locality : Woodbridge.

Order LEGUMINOS.Z=.
HyMEN#A DAKOTANA Lesq.

Pl XLI, fig. 14. *

Hymencea dalotana Tesq nereux, Fl. Dak. Gr., p, 145, PL LV, figs. 2, 3; Pl LVI, figs.

1, 2; P1. LXII, fig. 2.

This species is represented by the single specimen as above indicated.
I am unable to separate it from the species deseribed and fioured under
this name by Lesquereux in Flora of the Dakota Group, p- 145, PL LV,
figs. 2, 3.

Dr. Newberry left no memorandum of any description concerning this
specimen —A, H.

DALBERGIA APICULATA Newh. n. sp.
Pl XLII, figs. 17-19,

Leaves 2°™ to 5°* in length, quite unsymmetrical, narrowed to the base,
which is sessile or short petioled, expanded and rounded above, with a
peculiar point at the summit,

Among the numerous smaller leaves contained in the collection there
are a few which have the general character attributed to Dalbergia by Heer.
These are represented on Pl XLIT, figs. 17, 18, and perhaps 19. As they
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are quite distinet from any other leaves in the collection, I have thought
best to designate them by the above name.
Locality: Woodbridge.

BAUHINIA CRETACEA Newb.

PL XLIII, figs. 1-4; PL XLIV, figs. 1-3.

Bauhinia cretacea. Newberry, Bull. Torrey Bot. Club, Vol. XILI, New York, May,

1886, p. 77, PL LVL, fig. 5.

Leaves large, from 10°" fo 18°" in diameter, general outline circular,
deeply two-lobed, sinus reaching below the middle, margin entire, base
rounded, lobes oblong or broadly spatulate; nervation strong, radiate or
bilateral, midrib slender, from 17 to 4% 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, usnally two, rvarely
one on each side, springing from a common bhase, the interior lateral nerve
strongest, forking several times and giving off fine branches, which inoscu-
late to form a graceful festoon near the upper margin; the exterior lateral
nerves throwing off numerous branches which anastomose in loops near the
margin, producing a camptodrome nervation. In those which have but a
single lateral nerve ihe lobes are narrower, and each is covered with the
ramifications of the branches, which spring chiefly from the outer side of
the single main nerve.

The form and nervation of these leaves are so precisely those of some
of the Bauhinias of the present flora that there ean be no reasonable doubt
that we here have the remains of a well-marked speeies of this genus,
which grew near the mouth of the Hudson River in the middle of the
Cretaceous age, and was the associate of the Magnolias, tulip trees, Aralias,
otc., which composed the angiosperm forest of eastern North America. In
gize 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 Banhinias inhabit the tropical and subtropical regions of
the Old and New Worlds, India, Mauritius, Surinam, Cuba, Mexico, ete.

The geuus is closely related to Cereis, and most of the species have a
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similar habit. In a few the leaves are orbicular or slightly emarginate,
but they are generally hilobed, 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. lunarioides Gray of Texas and Mexico.

In most of the Kast India species the nervation is more crowded than
in the fossil leaves before us, each nerve having three and sometimes four
lateral nerves, the medial nerve, however, being quite the same.  In several
oriental species, and all those of the New World, the nervation is simpler
and especially like that of the fossil. In the Texan species the leaves are
generally divided to the base, and the medial nerve is therefore obsolete;
the lateral nervation is, however, precisely that of our fossil. As the depth
of the sinus is a variable character, differing greatly in the leaves of the
same tree, it is quite possible that Bawhinia lunarioides is only a dwarfed
and slightly modified descendant of the Cretaccous species.

Prof. Oswald Teer, in his Flora Fossilis Arctica, Vol. VII, p. 45, PL
LX, fig. 4a, describes and figures, under the name Dipluyllites membranaceus,
a bilobed leaf which in general form is much like those | have called
Bauhinia cretacea, but the nervation as given by Heer is quite different.
The leat is divided to within an inch of the base, and a slender nerve,
which would be the midrib in an ovate or lanceolate leaf, reaches nearly
to the sinus, there forking symmetrieally, the branches running near the

‘margins of the sinus on either side. So far we have the nervation of
Bauhinia, but in Heer's Diphyllites the lobes of the leaf are traversed by
a number of lateral nerves that spring from the base. Only one specimen
seems to have been seen, but I strongly suspect that when others shall be
obtained in a better state of preservation the nervation will be found to be
different from that figured by Heer, and that his bilobed leaf will prove
to be generically if not specifically identical with those which we have in
the Amboy Clays.

_ Velenovsky has described, in the Flora der Bohmischen Kreideforma-
tion, Part IV, Vol V, p. 12, a bilobed leaf which is almost certainly a
species of Bauhinia. The specimen figured by Velenovsky, like Ieer's
Diphyllites, seems to be as yet unique, and it is also evidently malformed.
One of the lobes is nearly complete, and in form and nervation practically
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identical with that of some species of Bauhinia, e. g., B. fomentosa, oW
living in India. The other lobe is not much more than half as long, is
truncated, and in all probability abnormal. When other specimens are
found T shall be surprised if they are not symmetrical and so much like
the leaves of Bauhinia that it will be impossible to separate them from this
genus. It will, however, prove to be, if generically identical with our
bilobed Amboy leaves, specifically different, for the sinus extends almost to
the base of the leaf. Some of the living species of Bauhinia arve almost
completely divided in the same way, and this is the case with Bauhinia
lunaricides, as has been mentioned.
Locality: Woodbridge.

Bavamvia? cicantes Newb. n. sp.
Pl XX, fig. 1.

Leaves large, a single lobe or leaflet, 20°™ long by 7°" or 8 wide,
unsymmetrically sp tulate in outline, inner margin nearly straight and
entire, outer margin strongly arched and undulate; nervation distinet, con-
sisting of one strong primary nerve springing from the inner margin at the
base, gradually diverging from this until it becomes central in the rounded
summit; lateral nerves spring from this as follows: one of medium strength
at the base which follows for a time parallel with, finally approaching, the
outer margin, and having a length of perhaps 5™ above this a strong lat-
eral nerve is given off 29 or 3™ above the base; this arches gently upward
and reaches the outer margin considerably above the middle of the leaf;
still higher smaller lateral nerves are given off to supply those portions of
the leaf which lie on both sides of the primary nerve. _

Unfortunately, but two specimens of this inferesting leaf have yet
been found, only one of which is complete. This is conspicuously unsym-
metrical and was probably one of a pair which combined to form a leaf
not unlike those of Bawhiwia cretacea, but much more deeply cut. It is not
certain, indeed, that the lobes were not separated quite to the base, as in
the living Bauwhinia lunarioides. The nervation is neavest that of Bauwhinia

eretacea, hut shows this marked difference, that the principal nerve is much
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nearer the inner margin. It is also much like that of some species of
Hymenzea, and it is quite possible that future discoveries will show that it
should be referred to that genus.  One species of Hymenwma (H. primigenia
Sap.) has been found in the Upper Cretaceous rocks of Europe and is there
associated with Aralias and Hederas, as are our Bauhinias from the Amboy
Clays, so that it is probable the genus was represented in the forests of New
Jersey during the Cretaceous age.
Locality: Woodbridge.

CasavriNia Coogtaxa Holliek n. sp.

PL XLII, figs, 49, 50.

Leaves orbicular in outline, entire, 1200 op 14mm long by 5" hroad,
midrib slender, secondaries few, forming a large angle with the midrib
and anastomosing in wide loops.

I have not been able to determine satisfactorily the affinities of these
small, delicate leaves, and have placed them with some hesitation in the
above genus. They appear to be leaflets belonging to some compound
leaf, such as we find in many of the Leguminose.

The specific name is given in honor of the late Prof. George H.
Cook, State geologist of New Jersey.

No indication of the exact locality where they were found or any
speculations as to their probable botanical relations were left by Dr.
Newberry.—A. H.

Genus Fonranga Newberr}’ Zen. nov.

Shrubby or arborescent plants with opposite or alternate leaves, below
unsymmetrically lanceolate, above forming one or two pairs which are
united in a common petiole that is unsymmetrically winged by the decur-
rent blade of each leaf, Apparently related to IIymenwa, to the extinet
genus  Sapindopsis described by Fontaine from the Potomac group of
Virginia, and perhaps to Aralia elegans Vel (F1. der Bshm. Kreidef, Part
111, p. 13, PL IV, fig )

In Sternberg’s Flora der Vorwelt, Vol. I, p. 34, PL XXIV, fig. 7
are given a deseription and figure of a plant from the greensand at Schoena,

1
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near Freiberg, Saxony. This was discovered by Reich and deseribed in
manuseript under the name Fucoides dichotomus. For this name Steruberg
substituted Haliserites Reichii, because, as he thought, it had so much
affinity with Haliseris polypodoides Ag., a well-known alga (Ffucus membra-
nacens Stackh.).

On PL XLV, fie. 5, is given a copy of Sternberg’s figure, and it will
be necessary only to compare this with the other figures on the plate, even
hastily, to detect a resemblance that can scarcely mean anything else than
generic identity. TReich’s plant is much smaller than ours and undoubtedly
helongs to a different species, and yet, as far as we can judge from the
imperfect material before us, their botanical affinities bring them within
generic limits. It is impossible that our plant should be a seaweed, and
hence I have ventured to give it a new generic name, sinee that chosen by
Sternberg, if retained, would perpetuate a misconception.

In Professor Fontaine’s monograph of the Flora of the Potomac Forma-
tion he describes several species of a genus which he calls Sapindopsis (see
Pls. CLIV and CLV). All the species are peculiar and, it seems to me, have
little . common with Sapindus; but what he calls Sapindopsis variabilis
(Pl. OLIV, figs. 2-4; PL CLYV, figs. 2-5) is in some respects so like the
plant before us that I am inclined to regard them as botanically related.
With more material we may establish a closer union between the plant now
under consideration and Fontaine's Sapindopsis, but L do not now feel justi-
fied in uniting them. [ have concluded, therefore, to designate the plant
figured by Sternberg and that which we have recently discovered i the
Amboy Clays by a new generic name; and supposing the type may be
brought into intimate relationship with Fontaine’s Sapindopsis, I venture to
dedicate the new genus to him as a slight tribute of esteem for one who
has proved himself among the most important contributors to the science
of fossil botany.

The foliage of the plant figured by Sternberg is considered by him as
. “dichotomous, bipinnate frond, almost pedate,” and a not dissimilar strue-
ture is visible in the leaf or leaves of Velenovsky's Aralia elegans, but it is
difficult to see how such a structure could prevail in the strong and woody

plant which is the type of the genus under discussion; and yet 1 ean not
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but feel that all these plants are closely related, and that their nearest living
allies are Hymenwea and Bauhinia.

Nori.—In connection with the discussion coneerning the probable botanical affin-
ities of Fontainea, I have concluded to appeud the following, kindly communicated to
me by Prof. Lester F. Ward.—A. T,

“In discussing the genns Fontainea Dr. N ewberry mentions Sternberg’s figure of
Haliserites Reichii and reproduces it on PL XL V, fig. 5. This fignre is much smaller
than any of the forms of Foutainea, but in Bronn's Lethxa Geognostica, P1L. XX VI LI,
fig. 1,1is represented a form much more like those of the Amboy Clays and nearly as
large, this figure being only half the natural size, Broun regarded itas a Chiropteris,
but Sehimper (Pal. Vég., p. 185) says that this plant more nearly resembles Halyme-
nites, although on p. 178 of the same volume he rvefers it to Delesseria. 1 am inclined
to believe that the form figured by Bronn, at least, is a dicotyledon.”

Foxramvea araspiroria Newb. n. sp.

PL XLV, figs. 1-4.

Leaves in part simple, unsymmetrical, lanceolate, petioled, partly in
pairs united on a common petiole, winged by the decurrent blades;
nervation fine, pinnate, apparently camptodrome.

I have here represented all we have yet found of this remarkable
and interesting plant. It will be seen that the specimens drawn are but
fragments, and yet they reveal enough of the foliage to show that it is
highly specialized and apparently distinet generieally from any hitherto
described. In each of the figures given we have represented the base of a
pair of leaves which spring from a common petiole, and of which the out-
side web descends to form a broad wing to that petiole. Apparently lower
down on the branches which bear these double leaves are single ones which
are unsymmetrically lanceolate in form, as shown in fig. 4, and it is possible
that these leaves also formed pairs like the upper ones, but more distinetly
separated.

In the preceding generic deseription all has been said in regard to the
botanical relations of this plant warranted by our present knowledge.
Doubtless in the future more material will permit more positive statements
on this subject.

Locality : 'Woodbridge.
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CoLutea privorpiaLis Ileer.
Pl XIX, figs. 4, 5.
Colutea primordialis Heer, T1. Foss, Avet.,, Vol. VI, Abth. 1T, p. 99, PL. XXVIL figs.
7-11; Pl. XLIIT, figs. 7, 8.

In the figures now given arve represented two leaves of a species of
Colutea which, though presenting some minor differences, are so like Heer's
species that T have not felt justified in considering them as distinet species.

Locality : 'Woodbridge.

LEGUMINOSITES OMPHALOBIOIDES Lesq.
PL XTIT, fie: 39
Leguminosites omphalobioides Lesquereux, FL Dak, Gr., p. 149, L. XXXVIIL, fig. 4.
I am unable to separate our specimen from the species described and
figured under the above nanfe by Lesquereux.
No memorandum of any kind by Dr. Newberry was found in connection
with our figure or specimen.—A. H.

LecuMINOSITES ATANENsIS Heer.
PL XLII, fig. 40,
Leguminosites atanensis Heer, F1. Foss, Aret., Vol. ITI, Abth. II, p.119, Pl. XXXTV,
fig. G.

This species is represented by the one specimen here indicated, of the
identity of which there can be but little doubt, the only difference being
that Heer's fioure represents a specimen somewhat larger than ours.

Dr. Newberry left no memorandum whatever in connection with the
figure or specimen.—A. .

LEGUMINOSITES CORONILLOIDES Heer,
P1. XLIL fig. 48.
Leguminosites coronilloides Heer, FL. Foss, Arct., Yol, ITI, p. 119, Pl. XXXTV, fig. 14,

This somewhat imperfect leaf appears to be so nearly like Heer's

species that I have decided to consider them as identieal.
MON XXVI—T
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I have no memoranda which would guide me in knowing what Dr.
Newberry’s impressions were regarding the specimen, nor is any locality
indicated. —A. H.

Order AQUIFOLIACEZE.

TLex? EvoNeaTa Newb. n. sp.
Pl. XVIII, figs. 1, 5.

Leaf lanceolate, 10 long by 3™ wide, margins set with remote spiny
teeth,

Ounly two specimens of this plant have vet been obtained, and they
are in an imperfect state of preservation. They show enough, however,
to prove that they are distinet from any other leaf in the collection, and
are remarkable for the series of spiny teeth with which the margins are
defended. In this respect they closely resemble several species of Ilex,
and we may assign them a provisional place in that genus.

Locality : Sayreville. '

Itex? ovara Newb. n. sp.
PL. XVIII, fig. 2.

Leaves small, lanceolate in outline, blunt-pointed above, narrowed
below, margins set with numerous small and large subacute teeth.

We have but a single leaf of this species in the collection. It is,
however, distinet from any others and therefore deserves enumeration.
Its reference to the genus Ilex is only provisional, and its true botanical
relations,can be determined only by the discovery of more material.

Locality : Sayreville.

Order CELASTRACEZ.
Cerastrus arcTicA ITeer.
PL XTII, figs. 8-18.
Celastrus arctica Heer, F1, Foss. Arct., Vol. VI1, p. 40, P1. LXI, figs. 5d, Se.

Professor Ieer in his Flora Fossilis Aretica, Vol. VII, PL LXI, fig.

5d, represents a small lanceolate leaf with remotely toothed margins, which

he compares with the Tertiary Celastrus Ettingshauseni and calls Celastrus
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arctica. Of leaves which are plainly identical with this we find many in
the upper layers of the Amboy Clays. On PL XIIT asufficient number of
these are represented to show the prevailing forms and the details of the
nervation. They are generally much larger than the specimen figured by
Heer, and the plant which bore them would seem to have been much more
common in New Jersey than in Greenland. Ettingshausen, who first
desceribed the Tertiary species referred to, called it C. acuminatus (Tert.
Fl. von Hiiring, p. 71, PL. XXIV, fig. 16), but this name had been antici-
pated and it was therefore changed by Ieer. That species, tl wugh evidently
distinet, is much like the one before us, and they both resemble so closely
some living species of Celastrus now growing in Australia and the East
Indies (€. ramulosus, for example)! that it is highly probable that Heer is
right in referring them to the genus Celastrus. The oval leaves now fig-
ured and named Celastrophyllum are, however, quite as closely allied in
form, nervation, and marging with the living species of Celastrus, such as
(. scandens, and it would be equally proper to refer these to that genus.
Doubtless the fruit will some time decide the question, and it is probable
that they will prove the broad and rounded leaves, rather than the narrow
ones, to belong to Celastrus, so that it would have been perhaps wiser to
place them all provisionally in the genus Celastrophyllum.

Loeality: South Amboy.

CErasTROPHYLLUM crRENATUM Heer.
Pl. XLVIIIL, figs. 1-19.
Celastrophyllum crenatum Ieer, F1. Foss. Arct., Vol. VII, p. 41, P1, LXIT, fig, 21,

Leaves ovate or elliptical, 2" to 8™ in length by 1% to 5™ in
breadth; summit rounded, rarely pointed, not infrequently slightly emargi-
nate, with a prominent scallop in the center; base wedge-shaped; margins
closely crenulate or crenulate-dentate, except near the base, where they
are entire. '

With some hesitation I have adopted for these leaves the name given

by Professor Heer to one which he has figured and described (loe .¢it.) from

{The name Celastrus ramulosus oceurs in Ettingshausen’s Blattskelette, p, 153, P1. LVILI, ﬁg, 63
Pl, LXIII, fig. 8; baut I have been unable to find it histed 1 any work on Australian or Bast Indian
floras to which T have aceess.—A, 1.
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the Patoot beds of the Upper Cretaccous in Greenland. Unfortunately, he
has given but a single figure, and that represents a leaf more pointed than
is often seen in the group with which [ have compared it, and of which
numerous figures are now given. In size, form, and nervation Professor
Heer's leaf is more like those of the smaller and more abundant species
which I have deseribed in this monograph under the name of Celastrophylium
denticulatum [ = C. Newberryanum Hollick: see below], but in that species
the margin is always denticulate, if not spinulate.  As will be seen from
the figures now given, our leaves are generally much larger and more
coarsely erenulate than that from Greenland, but some may be found in
the collection which approach it so closely in all important characters that
[ do not feel justified in considering them distinet.
Localities: South Amboy, Sayreville,

(CELASTROPHYLLUM CRETACEUM Lesq.
Pl XLII, fig. 13.

Celastrophylivm eretaceiwm Lesquereux, FI. Dak. Gr., p. 173, P1. XXXVTII, figs. 12-14.

The single leaf here represented appears to be so closely allied to
the species figured by Lesquereux in his Flora of the Dakota Group,
PL XXXVILI, fig. 14, that it seems needless to separate them, although it may
be noticed that our specimen is somewhat more obovate or spatulate in out-
line. The differences between Lesquereux’s figs. 12 and 14, however, are
far greater than are those between his fig. 12 and our specimen, and under
the circumstance it does not seem advisable that they should be separated.

Exact locality not known.—A, II.

CELASTROPHYLLUM ANGUSTIFOLITM Newb. n. sp.t
Bl XTV, fles 817,
Leaves lanceolate, pointed above and more or less wedge-shaped below,

6% to 15" in length by about 1.5 to 2.5 in width; nervation fine and

delicate, very numerous lateral nerves springing from the mideib, simple at

!This apecies is munifestly very close to (. decurrens Lesq. (FL. Dak, Gr., p. 172, PI. XXX VT, fig. 1),
but differs slightly in the erenate rather than serrate denftation and the somewhiat more polyzonal
areolation. I awm inelined to thinl that more complete materinl from the Wost may prove thea to
be identical.—A. IT.
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base, but branching above and forming an intricate network along the
marging, which are finely and uniformly crenate-dentate.

In his Kreideflora von Niederschoena (pp. 257, 260, PL 111, figs. 1, 8,
9, and 11) Ettingshausen deseribes some lanceolate leaves with serratad
borders, which he calls respectively Dryandroides Zenkeri and Celastrophyllum
lanceolatum; and Velenovsky, in Die IFlora der Béhmischen Kreideforma-
tion (Part 11, p. 13 [38], PL III, figs. 1-9), describes a series of similar
leaves, all of which he regards as of the same species, and calls themn
Myrica Zenkeri. So also he claims Celastrophyllum ensifolivm Lesq. (Cret.
Fl, pp. 108, 109, PL. XXI) and Heer’s Proteoides ilicoides (Kreideflora
von Quedlinburg, p. 13, PL IIT, figs. 7, 8) as only forms of Myrica Zenkeri.
Doubtless the leaves which we now figure and name Celastrophylluin angus-
tifoliwm would be thought by him also to belong to the same species; but
there is one distinguishing mark which separates them, and that is that all
of our leaves are beautifully crenate, while those described by Ettings-
hausen and Velenovsky are dentate, and so I am led to bhelieve that,
though perhaps generically identical—but rather as Celastrophyllum than
Myrica—specifically our leaves arve distinct. The relationship of these
leaves to the still more common ones by which they are accompanied,
C'. grandifolivm, is intimate and interesting. There can hardly be a doubt
that they are members of the same genus, and that genus, it seems to me. is
Celastrophyllum.

Locality: Woodbridge.

CeLastropHYLLUM NewserrvaNum Hollick n. sp.!
Pl. XLIX, figs. 1-27.

Leaves small, 2.5 to 6°* long by 1" to 2.5 wide, generally ovate,
often obovate, in outline, somewhat narvowed and wedge-shaped at the
base; margins usually set with sharp, appressed, spiny denticles, but
sometinmes entire; summit generally acute, sometimes apiculate, but not
infrequently evenly rounded; mnervation distinet, camptodrome, and very
closely resembling that of Celustrus scandens L.

FThe original mannseript name by Dr. Newherry is €. denticulatum n. sp., but this name was Pre-
viously used by Professor Fontaine in hiz Potomac or Younger Mesozoie Flora, p. 306 (1889). This
specific name is therefore preoccupied. and in its place I have associated Dr. Newberry’s name with
the species.—A. .
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In size, general form, and nervation these leaves, of which we have
compared some hundreds, are closely allied to that figured by Heer (FL
Foss. Aret,, Vol. V11, p. 41, PL. LXIIL, fig. 21), but differ from that in havin o
the margins sharply denticulate instead of crenate. There can be no doubt
that they belong te the same genus, however, and to a closely allied species,
and both are as much like the leaves of Celastrus scandens as they are like
each other.

This iz one of the most common leaves found at South Amboy, and a
sufficient number have been drawn to give a good idea of their general
characters. Tt will be necessary to have the fruit hefore any positive state-
ment can be made in regard to their generie relations, but the form, margins,
and nervation are so entirely like those of the leaves of some species of
Celastrus that they will probably be brought very near to, if not united
with that senus.

Although plentiful at South Amboy and Sayreville, not a single leaf
of this species has been found at Woodbridge. The South Amboy beds
are very near the top of the clay series, and those of Woaodbridge near the
bottom. ITence this plant formed a conspicuous element in the later phase
of the Cretaceous vegetation in New Jersey.

Localities: South Amboy, Sayreville.

(CELASTROPHYLLUM UNDULATUM Newh. 1. sp.
Pl. XXXVIIL, figs. 1-5.

Leaves oblong or ovoid, 10™ to 159 in length by 4 to 8= in width,
narrowed to base, obtuse or blunt-pointed at summit, margins undulate or
coarsely crenate; nervation consisting of a strong midrib, giving off at
a large angle frequent secondary nerves which run simply or branched to
the margin; generally they unite in a festoon which follows the outline
of the undulations.

This large speecies resembles Celastrophyllum crenatum Heer, in the
character of its marginal ornamentation, but the leaves are much longer
and larger and more oblong. They differ, too, markedly from the leaves
of C. grandifolium, whieh are lanceolate and have margins that are finely
denticulate or undulate.
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From €. ensifolinm Lesq. (Cret. F1, p. 108, Pl. XXI, figs. 2, 3) these
leaves differ in being generally broader and more ovate, and especially in
the coarse erenulation of the margins, in contrast with the comparatively
fine denticulation of the borders in €. ensifolivm.

Velenovsky intimates that the latter species is identical with his Myrica
Zenkeri, but a comparison of specimens would show him that they are
evidently different.

Localities : Woodbridge, Sayreville.

(ELASTROPHYLLUM SPATULATUM Newb. n. sp.
Pl XTLII, figs. 43-45,

Leaves 4 long by 1.5 wide at broadest part, spatulate in outline;
midrib slightly curved, giving the leaves an unsymmetrical appearance;
margin dentate above, entire below, tapering into a narrow base; second-
aries leaving the midrib at an acute angle, curving upward, anastomosing
and uniting by fine cross-veining.

The above mame, without any description or other memoranda,
was given to these specimens by Dr. Newberry, but no locality was

indicated.—A. H.

CBELASTROPHYLLUM ROBUSTUM Newbh. n. sp.
P1. XLII, figs. 41, 42.

This may perhaps be an extreme form of C. spatulatum Newh., from
which it differs mainly in the much broader upper part. No memoranda
were left by Dr. Newberry, but the specimens were plainly labeled with
the name here adopted, and it was his evident intention to maintain them
as a distinet species.'—A. IL

IFigs. 24 and 25 on Pl XLIT were apparently introduced by Dr. Newberry for comparisen with
other leaves on this plate. They evidently represent living species in the Celustracew, and I have
endeavored to compare them with Mygieda integrifolic Lam. and other species of the ovder, hint
without entirely satisfactory resnlts. T am satisfied, however, that they are not meant to represent
any of the fossil species from the Amboy Clays, They may be compared with this species.—A, H.
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CELASTROPHEYLLUM GRANDTFOLIUM Newb. n. SP.
Pl XIX, fig. 8; P1, XXI, figs. 14,

Leaves large, 15 to 25°™ long, petiolate, lanceolate in outline, rounded
or subacute at summit, rounded or rarely wedge-shaped at base; margins
above the base undulate or closely serrate, entire near the base; nervation
regular, midrib strong, secondary nerves numerous, emerging at an angle
of 45°, anastomosing and forming a network near the margin; tertiary
nerve branches leaving the secondary nerves generally at a right angle,
dividing the intervening spaces into a coarse quadrangular reticulation.

The normal appearance of these leaves is well shown on PL XXI,
but of the large number which have been collected some are rounded at
base and summit, and the margins are almost entire, being slightly undu-
late in some parts.  Such leaves resemble those of some species of Juglans,
and one of these is shown on Pl XIX, fig. 8, but they shade into the
normal form in such a way that they can not be separated.

These leaves are much like those deseribed by Lesquercux under the
name of Celastrophyllum ensifolivm (Cret F1, p. 108, Pl XXI, figs. 2, 3),
which were found in the Dakota group of Kansas, and it is quite possible
they ave specifically identical; but they are represented as being more cori-
aceous in texture, having a much stronger nervation, and a base abruptly
narrowed, with a coneave curve; the summit truncated or “hbroadly deltoid-
pointed.” If these characters should he found to be constant in the Kansas
leaves they would plainly separate the species, for in those under consid-
eration the summit is always eradually narrowed and broadly or narrowly
rounded; the texture also seems to have been much lighter.

Among the foreign Cretaceous species of Celastrophyllum, this may

o

be compared with C. lanceolatum Ett. (Kreideflora von Niederschoena, p.
260, P1 111, fig. 9).  But the single figure given by Ettingshaunsen shows
the margins to be set with coarse, acute serrations, such ag are only very
exceptionally seen on the margins of our leaves. ‘In other respects the
resemblance is close, and with more material we may find that the species
should be united.

Heer, in his Flora Fossilis Aretica (

Vol. VII, p. 40, PL. LXIV, fig. 9a;

PL LXYV, figs. 7, 8), gives figures of three imperfect leaves which he refers to
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(. lanceolatum. These show only the basal portions, and are scarcely suffi-
cient for aceurate determination. Two of these have the margins coarsely
serrate; in the third they are represented as entire. Under the circum-
stances we are searcely justified in considering our leaves specifically
identical with either ITeer’s or Ettingshausen’s, but they are very closely
allied. Another leaf figured by Heer (op. cit, Pl LXV, fig. 6) he calls
Celustrophyllum serratum Sap. et Mar., but in this the long wedge-shaped
base is coarsely serrated nearly to the petiole, a charaeter which we have
never found in our leaves. Saporta and Marion obtained the leaves upon
which the deseription was based from the Upper Cretaceous strata at Gelin-
den, and it isan interesting fact that leaves so closely allied, if notidentical,
oceur in strata approximately of the same age at these so widely separated
localities. ‘
CrLastropHYLLUM MINUS Hollick n. sp.
Pl XLII, figs. 51, 52.

Leaves broadly spatulate in outline, 12" or 13" long hy 8™ broad,
entire or somewhat undulate-crenate near the apex, narrowed to the base;
nervation obscure or obgolete.

These are the smallest leaves which I have referred to this genus. The
absence of nervation makes it almost impossible to know where to look for
their affinities, but the spatulate outline and crenate margin give a ceneral
impression of the genus.

No memoranda in regard to name or locality were found in connection

with thenm.—A. H.

CrLastropaynuum Brrrroniaxum Hollick n. sp.
PL XLII, figs. 37, 38, 46, 47.

Leaves lanceolate or slightly lanceolate-spatulate in outline, finely
denticulate above, entire below, tapering to the petiole; secondary nerva-
tion fine, but clearly defined, anastomosed in irregular loops, and connected
Ly numerous reficulations.

The several leaves included under this name differ from C. spatulatum
chiefly in having a nearly symmetrical lanceolate outline and finer denta-
tion. That they are generically velated there can be but little question,
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and it may be that they and C. robustum Newh. should all be considered s
varieties of one species. It was, however, the evident imtention of Dy,
Ne:*wl,werr‘\,' to keep them separated, and hence they are so retained.

Dy, Newberry left no memoranda in connection with these specimens,
and T have named the species in honor of Dr. N. L. Britton, of Columbia
College.—A. II.

Order ACERACEZE.
ACER AMBOYENSE Newb, n. sp.
Pl XLVI, figs, 5-8.

Leaves unknown; samarse 15 to 25™ in length and 8™ to 10m=m i
width; the wing is broad, rounded, membranous, and veined.

These seeds of a species of maple are quite unmistakable, and 2 num-
ber of them have heen found in the Aml)ny Clays; but up to the present
time we have no leaves that in any way correspond to those of Acer or
Negundo. The samare are about the form and size of those of the red
maple (Acer rubrum), but the wing is rather broader.

We find in the eollection a few samare which arve different from the
usual form. One of these is represented by fig. 5, in which the wing is
nearly straight. This, T have fancied, might very well be the winged seed
of a pine, the presence of which genus in the Amboy flora is proven by
fascicles of leaves.

Localities - \-Vc;n(‘;(lln'idge, South Ambny.
Order RHAMNACE ZE.

Ruamyrres mivor Hollick . sp.
Pl XLII, fig. 36,

Leaf small, about 19mm o 9(juu long by 22™2 op 23" hroad at middle,
slightly decurrent at the wedge-shaped base, rounded at apex; nervation
fine, camptodrome, lower secondaries leaving the midrib at an acute angle,
upper ones less so.

It is not unlike B. apiendatus Lesq. (F1. Dak. Gr., p- 171, Pl. XXXVII,
figs. 8-13), but is considerably smaller and is not mueronate.

Dr. Newberry left no indication of name or locality in connection with
either figure or specimen.—A, H.
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Paviurus ovarnis Dn.
P1. XXIII, figs. 8, 9.
Palivrus ovalis Dawson, Mesozoie Floras of Rocky Mountain Region. Trans. Roy.
Soc. Canada, Vol, 111, sec. 4, 1885, p. 14, P1. IV, figs. 4, 8,

The leaves now figured are rather smaller than, but otherwise indistin-
guishable from, those figured by Sir William Dawson, which he collected
at Mill Creek, Canada, from ahout the middle of the Cretaceous series
Lesquereux describes a somewhat similar leaf, P. membranaceus, from
the Dakota group (Cret. FL, p. 108, PL XX. fig. 6), but it differs mani-
festly in this, that the lateral nerves arve relatively finer and do not reach
to or near to the summit, as they do in the leaves figured by Dawson
and myself. There is little doubt in my mind that our leaves should be
set off in a new genus, as they are almost equally three-nerved, and the
lateral nerves are drawn in to join the midrib at the summit, as in Smilax.
Sir William Dawson suggests that there are scarcely any good characters
by which these leaves can be distinguished from those of Ceanothus, but
while this is true of the Cretaceous and Tertiary species, such as F. mem-
branaceus Lesq., from the Dakota group, P. ovoidens Heer, from the Tertiary
of (Eningen, and of a part of the leaves described by Heer under the name
of P. Colombi, the leaves now under consideration—those deseribed by Sir
William Dawson (loe. ¢it.) and that figured by Heer (FL. Foss. Arct., Vol.
VII, PL LXIX, fig."9), with entire margins, ovate elliptical outlines, and
three nerves which come together at the summit—jpresent characters so
unlike those of the serrated or erenulated leaves called Paliurus that they

should be placed in a distinet genus.
Order VITACEZA.
Crssives rormosus Heer.
P1. XLVIIL, figs. 1-8.
Cissites formosus Heer, Fl. Foss. Aret., Vol. VI, Abth. IT, p. 85, P1. XXI, figs. 5-8.
Quite a number of leaves are here represented which I have referred
to the above species. Unfortunately, most of the specimens ave in a bad
state of preservation, owing to the fact that at the locality where they were
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found the leaves are all coated with a thick sheet of lignite, whicly, con-
taining much water, cracked and fell to pieces on exposure. When first
obtained the leaves were perfect and beautiful, but before they could he
drawn they had suffered irreparable harm.  Possibl y more than one speeies
is represented in these figures, as those represented by figs. 1, 4, and 5
seem to have heen trilobed, while in the others the lobes were subdivided
30 that they might he called five-lobed. Doubtless in the future more
perfect specimens will he obtained, which will permit a more thorough
comparison among themselves and with the Greenland plant. It seems
to me, however, that we can not doubt that among these lobed leaves
from the Amboy Clays we have a number that are identical with those
found in the Atane beds of € ireenland.

Among the leaves figured on Pl XLVII those represented by figs. 1, 3,
and 6 are from beds in which the coating of the leaf was thin, amounting
in some cases to a mere coffee-colored stain.  These have been perfectly
preserved, and in beds where the loaf impressions are of this character others
no doubt will be found in the future that will present the complete outlines
aud the range of variation of these leaves. Those shown at figs. 4, 5, 17,
and 8 are, however, from the clays where the sheet of carbonaceons matter
over the leaf impressions was less oxidized and thicker, and which failed to
be preserved by any method adopted.  Colodion, glue, mucilage, paraffin,
water glass, all were ilwﬁeutually tried. Possibly a solution of shellac in
aleohol, in which the leaf impressions had been dipped or sprayed, would
have been more successful, We have here an illustration of the great
difficulty which has attended the collection and study of the fossil plants of
the New Jersey clays.

Localities : Sayveville, South Amboy, Woodbridge.

Crssires orispus Vel ?
PL XLII, figs. 20-23,
Clssites orispus Velenovsky, Fl. Bihm, Kreidef,, Part IV, p. 12, PL IV, fig. 6.
We have figured here a number of small leaves with deeply toothed

or incised margins. Among all fossil plants which have come under my
observation that figured and deseribed by Velenovsk v with the above name
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comes nearest to these, and while without much more material it will be
impossible to assert the identity of our leaves with those found in the
Upper Cretaceous of Bohemia, still the resemblance is so close that it
seems extremely probable that they are related, if not identical.

Locality: Woodbridge.

Order TILIACEZA.
TicrerayLLum pusium Newh. n. sp.
Pl. XV, fig. 5.

Leaf 9 wide by 10 long, ovate, cordate, pointed at the summit,
margins uniformly and strongly dentate; nervation delicate, but well
defined; midrib slightly arched upward, two basal nerves strong, throwing
off branches to the margin on either side, above these the side branches
and branchlets terminate in the margins, but near the summit are appar-
ently camptodrome.

But a single leaf of this species is contained in the collection. It is
in a rather bad state of preservation, but is very distinet from any other
plant yet found in the Amboy Clays, and therefore deserves notice. By
the general plan of its nervation, by its dentate margin, and by its want
of symmetry it resembles some leaves of our basswood, such as could he
collected in almost any forest. The texture of the leaf would seem to have
been thin and the surface not polished. Doubtless collections made in the
future at the locality where this specimen was found will yield material for
a more complete deseription.

Locality : Fish House.

Order PASSIFLORACEZ.
PassirLora ANTIQUA Newb. n. sp.
Pl. XXIII, fig. 7.

Leaves medinm size, petiolate, margins entire, two-lobed, lobes widely
divergent, rounded at swmmit; primary nerves, three, all diverging from
the base of the leaf, the central one running directly to the bottom of the

broad sinus, the others passing from the base to the point of the lobes, in
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which they are lateral below, central above; secondary nerves very fine,
alternate branches given off from each of the primary nerves, but lost
before reaching the margin.

The leaves of this species are smaller than those of Bauhinia cretacea,
with which they are associated, and may be distinguished at a glance by
the different nervation and the very much broader sinus, the lobes being
divergent at an angle of 45°,

Locality : Very rare at Woodbridge.

Order MYRTACEZ:,
Evecavyprus Grinirzr Heer.
PL. XXXII, figs. 2,12,15, 16.)
Eucalyptus Geinitzi Heer, Fl. Toss, Aret.,, Vol. VI, Abth. 11, p. 93, Pl XLVI, figs,

12¢, 13.

Leaves lanceolate, pointed above and below, 10 to 15 long by
15™™ to 25™™ wide, margins entire; nervation open and flexuous, lateral
nerves numerous, arched upward, connecting above to form a festoon
parallel with the margin, united by tertiary branches which divide the -
spaces between them into square or oblong areoles.

A considerable number of leaves answering to the description given
above oecur in the Amboy Clays, and so nearly coincide with those figured
by Heer under the name of Eucalyptus Geinitzi that T have been compelled
to consider them the same. The plan of nervation is essentially the same
as that of the other leaves T have grouped in the same genus, but the
nervation is more open and the leaves are broader and larger.

One of the supposed fruits of this species as figured by Heer is
represented on Pl X, fig. 10, of this monograph. (See supra, p. 46.)

Localities: Woodbridge, Sayreville, ete.

"I doubt very much that fig. 16 represents a specimen of this species, or even genus. [If is
unquestionably so included, however, in Dr. Newberry's manuseript.—A. I1.
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Evcaryprus? arreNvara Newb. n.-sp.

PL XVI, figs. 2, 3, 5,

1

Leaf 10°™ to 15 in length, narrowed or rounded at the base, pointed
or attenuated at the summit, margin entire; nervation strongly reticulate.

Numerous leaves of this speeies occur, generally in an imperfect
- state of preservation. The nervation, however, is nearest that of Euecalyp-
tus, or at least of the leaves so designated by Heer from the Atane beds of
Greenland.

More material will be required before the generic affinities can be
positively asserted.

Locality : South Amboy.

Evcavyprus!? axcustiFonia Newb. n. sp.
Pl XXXII, figs. 1, 6, 7.

Leaves long linear, pointed above, attenuated or rounded below, from
100 to 15" long, 8™ to 12" wide, margins entire; nervation rather
crowded, midrib slender, side branches numerous, leaving the midrib at an
acute angle and forming a festoon close along the margin.

These leaves apparently belong to the same genus as those that have
been called Eucalyptus by Ieer in his Flora Fossilis Avetica, Vol. VI,
Abth. 11, pp. 93, 94, PL. XLVT, figs. 12-14.  The general form of the leaf is
similar, and the peculiar nervation—that is, numerous lateral nerves uniting
to form a continuous festoon closely parallel with the margin—is essentially
that of Euealyptus. Professor Heer feels strengthened in his reference of
leaves having this nervation to Kucalyptus by finding in company with
them what he regards as the fruit of Eucalyptus; but in my judgment the
examples he gives of this fruit (op. cit., loc. eit,, and Pl. XLY) are rather
detached seales of the cone of some conifer, and probably generically
identical with the cone seales which he has called Dammara borealis (op.
¢it,, pp. 54, 55, PL. XXXVII, fig. 5).  The fruit of Euealyptus is a pyxis
or urn, circular in section, and with a lid; but in the large number of

specimens of organisms which T bhave found in the Amboy Clays and
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Lave considered identical with Heer's so-called Dammara I have looked in
vain for any evidences of a separation between the summit and base, and
have regarded them as the exposed and buried portions of cone scales.
(See supra, pp. H4-55.)

The leaves now under consideration differ from those I have considered
as identical with Heer's Eucalyptus Geinitzi in this, that they are much
longer and narrower and more attenuated at base and summit.

Locality : South Amboy.

Nore.—For representatives of fruit of Dammara m iwrolepis Heer and Buealyptus
tieinitzi Heer, from FI. Foss. Arct., see PL X, figs. 9, 10, of this monograph.—A. H.

Eucavyprus? servosa Newb. 11 sp.
PL XXXII, figs. 3, 4, 5, 8.

Leaves long-linear, rounded or subacute at summit, narrowed and
wedge-shaped at base, 15™ in length by 1% in widtl, margins entire; ner-
vation strong, crowded, midrib continuous from base to summit, lateral
nerves very numerous, generally parallel and uniting to form a continuous
nerve-thread near to and parallel with the margin.

The general aspect of these leaves is peculiar.  The style of nervation
is similar to that of all the elongated, lanceolate, or linear leaves which I
have grouped provisionally in the genus Encalyptus, but in this species
the nervation is much more crowded, and the union of the summits of the
lateral nerves forms a more straight and continuous nerve-thread.

Locality : South Amboy.

Kueanyprus? parvirFonia Newh. n. sp.
Pl XXXII, figs. 9, 10,

Leaves small, about 5™ to 6 in length by 12m= to 15™ wide in the
middle, strietly lanceolate in form, pointed above and below, margins entire;
nervation rather delicate and open, lateral nerves more or less numerous
united in a festoon somewhat removed from the margin.

The leaves deseribed above may be but one of the varieties of F,
Gretnatzi, but they arve so decidedly lanceolate in outline, so much broader

in proportion to their length, and so much smaller, that T have felt con-
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strained to consider them distinet. The characters of the form and
nervation exhibited by these leaves are well shown in the figures now
giver.

Locality : South Amboy.

Order ARALIACEZ.
[IEDERA PRIMORDIALIS Sap.
PL XIX, figs. 1, 9; PL XXXVII, figs. 1-7.
Hedera primordialis Saporta, Le Monde des Plantes, p. 200, fig. 29,

Normal leaves kidney-shaped or cordate, with a deep sinus at the base,
8% to 15 In diameter, long petioled, margins entire, sometimes waved;
nervation radiate, from five to seven nerves springing from a common
point at the base of the leaf, diverging toward the margin, branching
above, inosculating and forming a network of large meshes which are
filled with areoles of various sizes and dimensions.

Leaves which T can not distinguish by any constant characters from
Hedera primordialis of Saporta are rather common at Woodbridge. A
number of figures on Pl. XXXVII are given to show the variation in form
and for the purpose of identifying a characteristic plant of the forma-
tion, and one which possesses the additional intevest of being common to
the Amboy Clays, the Atane beds of Greenland, and the Cenomanian of
Bohemia. It will be seen that there is considerable diversity in the size
and form of the leaves, but the predominant and normal character is shown
by figs. 1, 2, 4, and 6 of Pl. XXXVIL

Locality : Woodbridge.

HepERA 0BLIQUA Newh. n. sp.
PL XXXVII, fig. 8; PL XXXVIIL, fig, 5.

Leaves large, 10™ to 15 in length and 8 or 10 in width, Unsym-
metrical, elliptical in outline, marging somewhat waved ; nervation radiate
from the top of the petiole, which is an inch or more in length; that one
of the nerve branches strongest which passes to the portion of the margin

most remote from the base; the other branches, three or four in number,
MON XXVI—3
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snosenlate with this and with one another to form an irregular and open
network.

These leaves have mueli in common with the much more numerous
ones that are associated with them and which I have considered as iden-
tical with Saporta’s Hedera primordialis, and it may prove that they are
but phases of the same foliage. It will be scen, however, that the leaves
of H. primordialis are symmetrically heartshaped, with more or less deep
sinuses, and with a midrib and correspe mding hranches radiating from the
base on either side. In the leaves now under consideration, however,
the want of symmetry is most marked. The leaves attain a larger size,
are not cordate, and are generally transversely or obliquely elliptical,
though sometimes nearly vound. Of H. primordialis we have thirty or forty
fairly well preserved leaves: of H. obligue, only three or four, so that
+ would seem that this species or variety was much less common than
the other.

Locality: Woodbridge.

Arania WeLLINGTONIANA Lesq.t

Pl. XXXV, fig. 1.
Aralia Wellingtoniana Lesquereux, 'l Dak. Gr., p. 131, P1. XXT, fig. 1; PL XXII,
figs. 2, 3.

~

Leaves medium size, 15 long by 12°" or 13 broad, petiolate, sym-
metrically three-lobed, lobes lanceolate, acute, sharply but remotely serrate,
basal margin entire; base long wedge-shaped; nervation strong, primary
nerves three, which meet before reaching the point of the base, secondary
nerves diverging at an angle of about 45°, parallel, gently curved, termi-
nating in the teeth of the border.

This very elegant leaf resembles those of A. Saportana Lesq. of the
Dakota group as far as regards the shape of the lobes and their denticu-
lated edges, but it may be at once distinguished from that species by its

having only three lobes instead of five. Avalia decurrens Vel. (Die Flora

| Dr. Newberry's original manuscript name for this species is 4. concinna, 1. 8p. 1t is, however,
manifestly identical with the three-lobed form of A, Wellingtoniana Lesy. a8 deseribed and fignred
in the Flora of the Dakota Group.—A. IL
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der Bohm. Kreidef, Vol. IV, Part IIT, p. 11, PL IV, figs. 5-7) is somewhat
like A. Wellingtoniana in its three-lobed and denticulate margins, but in
Velenovsky's species the lobes are relatively longer and narrower, the
denticulation is coarser, and the sinuses extend to the base of the leaf.

From the other species of Aralia with which this is associated in the
Amboy Clays this differs in having the margins of the lobes denticulate,
since they all have entire margins. A similar trilobate species of Aralia
(A. Looziuna Sap. ct Mar.) oceurs in the Paleocene heds of Gelinden, but
the leaves arve smaller, less deeply cut, and the denticulation is coarser.

A trilobate Aralia (A. formosa Ieer) also oceurs in the Upper Cre-
taceous strata of Moletein, and Lesquercux figures (Cref. and Tert. ¥1.,
p- 60, PL XI, figs. 3, 4) what hLe considers leaves of the same species from
the Dakota sandstones of Morrison, Colo., but these differ from those
now before us in the much coarser dentation of the margins. It may eveu
be said that in the Colorado species the margins are crenate, being set
with closely approximated obtuse teeth or scallops, while in the leaves of
A. Wellingtowiane the margins of the lobes—mnot the base—are set with
remote, acute, awn-like teeth, as in dA. macrophylla of the Green River
Tertiary.

Locality : Woodbridge.

ARALIA QUINQUEPARTITA Lesq.
Pl XL, figs. 1,
Aralia quinquepartita Lesquerenx, Cret. Fl., p. 90, Pl. XV, fig. 0.

Two specimens contained in our colleetions, those now figured, 1 have
been unable to distinguish from Lesquereux’s species from the Dakota
group mentioned above. They 'llsn“approach near to A. Raviiana Ileer
(1‘] Foss. Aret., Yol. VI, Abth. IT, p. 84, PL XXXVIII, figs. 1, J) hut have
the central lobe much narrower. Perhaps more material will bring out
differences between our plant and that deseribed by Lesquereux, but this
SEeMS l]npl()])(lhle Doubtless this should be added to the considerable
number of species of fossil plants common to the Amboy Clays and the
Dakota sandstones.

Locality : Woodbridge.



116 THE FLORA OF THE AMBOY CLAYS.

ArALIA GRONLANDICA Heer.
Pl XXVIII, fig. 4.
Aralia gronlandica Tleer, Fl. Foss. Arct., Vol. VI, Abth. II, p. 84, Pl. XXXVIIIT,
fig. 3; PL XXXIX, fig. 1; PL XLVI, figs. 16, 17.

Among the great nmunber of trilobate leaves which we have collected
from the Amboy Clays there is one variety which has considerable resem-
blance to that named by Heer A. gronlandica (loc. cit.).  In these leaves the
lobes are subequal, the lateral nerves leaving the midrib at an angle of about
45°. The leat now fignred is smaller and the lobes narrower than those
represented by Heer; and in one of his figures, on the under side of the
lateral lobes, there is a small sublobe; so that Professor IHeer'’s figures,
which he has included under one name, differ more among themselves than
they do from this, which I have supposed might be our representative of the
species. It will be seen by looking over the figures of the different leaves
of Aralia given in this monograph that there were evidently a number of
species in the Amboy flora, and also that, like the leaves of most trees,
there was considerable variation within the limits of a single species; so
that it is possible all the figures credited to A. grinlandica by Professor
Heer may represent one species; but it secems to me more probable that the
broad, entire lobed leat represented on Pl XXXVIIIL, fig. 3, of the Flora
Fossilis Arctica, should be regarded as distinet from that represented on Pl.
XXXIX, fig. 1. It is certain also that the fragmentary leaves represented
in figs. 16, 17, on PL XLV, do not belong to the same species, fig. 16 being
perhaps identical with the type of A.grinlandica, while the second was a
many-lobed leaf and probably belonged to Heer's species, A. Ravniana
(op. cit, p. 84, Pl XXXVIII, figs. 1, 2).

Locality : Woodbridge.

Arania rormosa Heer?.
P1. XXII, fig. 8.
Avralia formose Ileer, Kreidetflora von Moletein, p. 18, PL VIII, fig. 3.

A single and very imperfect specimen of what seems to have been a
trilobed Aralia with undulate margins has been found. The lobes of the
leaf must have been longer, more acute, and léss strongly cerenulate on
the marging than the tvpe of Professor Heer's description in his Kreideflora
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von Moletein; but Velenovsky, in his Flora der Bohmischen Kreideforma-
tion, Part T, Pls. VI and V11, gives figures of several specimens of what he
calls Aralia formosa, in which the sinuses arve deeper, the lobes narrower,
and the marginal teeth smaller than in the type, in these respects approach-
ing very closely to our specimen; hence, since that is different from any
other yet obtained from the New Jerscy clays and approaches so closely to
Velenovsky's figures, I venture to call it provisionally by the same name.
Locality : South Amboy.

Ararnia panvaTA Newb. n. sp.
Pl XXXIX, figs. 6, 7; PL XL, fig. 3.

Leaves palmate, five-lobed, lobes short, the upper three much larger,
than the lower, margins entire; secondary nervation either delicate or sunk
in the parenchyma of the leaf, often invisible.

In general aspeet thix species somewhat resembles Aralia Whitneyi
Lesq. (Flora Auriferous Gravels, p. 20, PL'V, fig. 1), but the leaf is smaller,
the number of the marginal lobes is less, and in that species they are acute.

Locality: Woodbridge.

AraLia PATENS Newh. 1. sp.
PL XXVIII, fig. 3.

Leaves petioled, 187" to 20°" in lateral diameter, palmately three-lobed,
lobes subequal, lance-linear in outline, subacute, lateral lobes broadly
divergent, with deep sinuses between them and the middle Jobe, margins
entire,

The above description is based on the leaf figured and what seems to
be a lateral lobe of another of still larger size. Both may be but forms of
A. gronlandica Heer, but the divergence of the lateral lobes is much greater
and the sinuses are much deeper than in any of the many leaves 1 have
supposed to represent Heer's species in our collections.

The angle of divergence of the lateral lobes is about as great as in
Sassafras hastatum, but in that species the lateral lobes are shorter and
broader, being triangular in outline.

Locality : Woodbridge.
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ArAvria porLymMorrmA Newh. n. Sp.
Pl XXXIX, figs. 1-3.

Leaves extremely variable in form, three- to five-lobed, frequently
unsymmetrical, the middle and larger lobe turmed to one side, margins
entire; nervation delicate, often invisible; lobes obtuse; petiole short or
wanting.

By reference to the figures now given it will be seen that this is a
protean species, fig. 2 being quite symmetrical, having the outline of so
many Aralias; that is, primarily three-lobed, but with a subordinate hasal
lobe on either side. TFigs. 1 and 3 represent the distorted form to which
allusion has been made in the deseription. Figs. 4 and 5 represent small
and abnormal forms which may or may not represent this species.

Locality : Woodbridge.

Ararra roruspiLosa Newb. n. sp.

Pl. XXVIIL fig. 5; Pl XXXVT, fig. 9.

Leaves five-lobed, 10 wide by 7** or 8 high; lobes all rounded and
comparatively short; margins entire; nervation delicate, camptodrome.

Only two specimens of the leaf of this plant have been obtained. The
most striking peculiarity is the rounded outline of each of the lobes. I
have seen some specimens of Liquidambar integrifolium Lesq. in which the
lobes are obtuse and somewhat rounded, giving the leaf very much the
aspect of those before us.  More material will be necessary, however, before
the identity of the two forms can be asserted.

Locality: Woodbridge.

CHONDROPHYLLUM 0OBOVATUM Newh. n. sp.
Pl. XTII, figs. 26, 27.

Leaves obovate to orbicular, 15™™ to 25™™ in length by 10™* to 20™="
wide, margins entire, base more or less wedge-shaped, summit rounded
and sometimes emarginate; nervation conspicuous and yet delicate, consist-
ing of a midrib which vanishes near the summit of the leaf and gives off
branches that unite to form festoous relatively remote from the margins,



DESCRIPTION OF SPECIES. 119

while all the intervals between the secondary nerves and between the
festoon and the margin are filled in with large polygonal areoles.

These leaves resemble those deseribed by Professor IHeer (FL Ioss.
Arct., Vol. I11, Part II, pp. 114-115, PL. XXXII, figs. 11-13). In outline
they seem intermediate between the two forms which he calls Chondrophyl-
lum Nordenskioldi and €. orbiculatum, the outline being somewhat more like
the former, the nervation like the latter. 1 have therefore thought it better
to give to our leaves a distinet name.

The genus Chondrophyllnm is ill defined, and more material will be
needed before anything definite can be said in regard to its limitations or its
relations to living plants.  Professor Heer puts the species referred to above
into the family of the Ampelidew, states that fruits which he considers
those of the Panax were found with them, and suggests that they belonged
to this genus or some related araliaceous plant.

Locality: Woodbridge.

CuoxproprYLLUM RETICULATUM Hollick n. sp.
Pl XLI, figs: 6, 7.

Leaves orbicular (¥) in outline, abruptly narrowed at the base, entire;
midrib and secondaries fine, abont equal in thickness, all gradually losing
themselves in the parenchyma of the leaf or merging info the delicate
reticulated nervation of the blade.

The two imperfect specimens represented are apparently referable to
this genus and have much in common with €. orbiculatun Heer. The
imperfect upper part of hoth of our specimens leaves us in doubt as to
the exact character of the apex, which may have been emarginate.

No memorandum in regard to either name or loeality accompanied
either the specimens or the fignres—A. H.

Order CORNACEZ.
(ClorNoraYLLUM VETUSTUM Newb. n. sp.
PL XIX, fig. 10,

Leaves elliptical, 7°* or 8 long by about 4" wide, points subacute,

base slightly wedge-shaped, short petioled, margins entive; nervation deli-

cate, midrib straight, lateral nerves opposite or alternate, about seven pairs,
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parallel, strongly arched upward, especially toward the summit, where they
connect in a simple festoon.

The form and structure of these leaves is altogether that of Cornus,
yet the nervation is more delicate than is known in that genus.  The lateral
nerves running out parallel, strongly arched upward, curving near the
margins to connect with those above, and drawn in at the summit, pre-
cisely as in many species of Cornus, tempt us to include it in that genus;
but a certain want of rigidity and exactness in the nervation suggests that
the relationship should be indicated rather than asserted. This is a rare
form in our collections, and more material will be needed for its exact
classification,

Locality : Woodbridge.

Order ERICACEZA,
AxproMEDA ParvaTori Heer.
Pl XXXI, figs. 1-T; PL XXXITT, figs. 1, 2, 4, 5.

Andromeda Parlatorii Heer, Phyllites Crétacées du Nebraska, p. 18, L. I, fig. 5.
Prunus (1) Parlatorii Lesquereux, Am. Jour, Sci., 2d ser., Vol. XLVT (1868), p. 102,

One of the most common leaves found in the New .J ersey clays is
indistinguishable from that deseribed by Heer (op. cit.) from the Dakota
of Nebraska, and as it is so characteristic a plant of the formation and one
found at wearly every locality opened, T have folt justified in giving a
number of figures of it. There seems to be little evidence that this really
represents the genus Andromeda, but aside from its botanical relations the
plant is an important one as showing the relation between the Amboy Clays
and the Dakota group of the West.

ANDROMEDA LATIFOLTA Newh. n. 8Pp-

Pl XXXIII, figs. 6-10; PL XXXIV, figs. 6-11; PL. XXXVI, fig. 10.

Leaves varying greatly in size and shape; 4 to 20 in length by
Lo to 7% in width, lanceolate or spatulate in outline, generally acute,
sometimes rounded at summit, wedge-shaped below; nervation strong and

simple, midrib very strong, lateral branches relatively few, slender, and
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fAexuous, leaving the midrib at an acute angle and inosculating to form an
open festoon near the margin; substance of the leaf coriaceous; surfaces
smooth.

With the leaves of A. Parlatorii oceur others which are larger, broader,
and less regular in outline. They have the same leathery consistence,
which frequently results in the peeling off and breaking away of the resid-
ual substance of the leaf.

Localities: 'Woodbridge, Sayreville, ete.

ANprOMEDA FLEXUOsA Newh. n. sp.
P1. XXXIV, figs. 1-5.

Leaves linear or lanceolate, 6™ to 12°" in length by 1.5™ to 3 wide,
pointed above, wedge-shaped below, margins entire; nervation relatively
strong and simple, midrib flexuous, giving off at the salient curves side
branches which are arched upward and inosculate very near the margin;
tertiary nervation mostly consisting of simple, sometimes forked nervelets
which connect the secondary branches dividing the interval into oblong
areoles.

The general aspect of these leaves is similar to that of those which [
have noted as A. Parlatorii and A. latifolia, and while their relation to the
living genus, the name of which was given them by IHeer, is doubtful, they
seem to be inseparably connected together and form a group which is a
marked feature of the flora of the Amboy Clays. As in the other species,
the leaves of A. flezuosa weve thick and leathery, though to a less degree.
Its most marked feature is the flexuous course of the midrib.

Localitics: Woodbridge, Sayreville, ete.

AxproMEDA NovE-casareX Hollick n. sp.
Pl XLIL figs. 9-12, 28-31.

Leaves lanceolate in outline, about equally acuminate at both ends,
entire, tapering to the petiole; secondaries more or less obscure, numerous,
leaving the midrib at an acute angle, subparallel, gradually nearing each
other at their extremities, where they are connected by fine cross-veining.

These leaves have somewhat the appearance of small specimens of
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A. Pluffiana Heer, and are not unlike the specimen deseribed and figured
by Professor Lesquereux (FL. Dak. Gr, p. 118, PL LII, fig. 5) under the
name A. linifolia; bat our specimens are not so long-acuminate, and are too
broad in proportion to their length, more nearly resembling A. Swowii Lesq.
(Fl: Dak: Gri, p. 117, PL X VII, fig. 16), but apparently sufficiently distinet
to be regarded as a separate species.

.Loc-ali'r;r not known.—A, H.

Order MYRSINACEZ.
MyrsINE BorREALIS Heer.
Pl. XXIV, figs. 4-6.
Myrsine borealis Heer, FL. Foss. Aret., Vol. VI, Abth, 11, p. 81, PL. XX1V, figs. 7b, 83
PL XXVIL, fig. 1b; PL XLIV, fig. 545 PL XLVI, figs. 19, 20.

Among the most common leaves in the Amboy Clays at all the locali-
ties where plants are found there is one which is small, sharply defined,
oval or oblong in outline, 2.5 to 4™ in length, and of thick and leathery
consistence. The nervation is generally lost in the parenchyma of the leaf,
but where seen it corresponds with the plant figured by Heer, which also
seems to have been common in the Patoot and Atane beds of Greenland.

Mygrsixe eroveata Newb. n. sp,
PI. XXT1, figg: 1-3,

Leaves lanceolate, obtuse, entire, petioled, tapering to a wedge-shaped
base, about 6.5 to 7™ long, including the petiole, by 2o wide at hroadest
part; nervation that of Myrsine.

No description accompanied these figures, but the above name appears
upon the specimen labels in Dr. N ewberry’s handwriting.

Locality: South Amboy.—A. 1.

Myrsive osroNaaTa Hollick n. sp.

PL XLII, fig. 15.

L mim

A single leaf with oblong outline and entire margin, 25" long by

1297 gr 13™ wide, blunt at both ends, is placed under the above name
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No memorandum in regard to locality or supposed botanical relationship

was found in connection with either the figure or the specimen.—A. H.

Order SAPOTACEZ.
Saroracires reTusus Heer.
Pl. LI, figs. 5, 6.
Sapotacites retusus Heer, Fl. Foss, Aret,, Vol. VIL, p. 32, Pl. LXI, fig. 10.

In the Amboy Clays, as in the Atane beds in Greenland, numerous
emarginate leaves are found which correspond to several of those figured
by Heer in his Flora Fossilis Arctica as either forms of Liriodendron Meekii
(Vol. VI, Abth. IT, P1. XXIT) or regarded by him as species of Colutea,
Sapotacites, or Leguminosites. Among others is a long-ovate leaf, of which
a figure is now given, that eorresponds closely with the one figured by Heer
as Sapotacites retusus. In some cases the emargination is much deeper
than in others, and such leaves would probably be referred by Heer to his
Liriodendron Meckii, but we have reason to believe that this leaf is not
a Liriodendron. We have several species of that genus represented in the
Amboy Clays, some of which have been already deseribed in the Bulletin
of the Torrey Botanical Club; and while one of these, which I have
included among the varieties of Liriodendropsis simplex, has the long-ovoid
and lanceolate form of the leaves under consideration, it always has the
margination angular and the lateral points acute.

I should also say that the forms figured on Heer's Pl. XXITII of Vol
VI, formerly described by him as Leguminosites Marcouanus and Sapotacites
obeordatus, but later considered by him as forms of Liriodendron Meekii,
have not been found in the Amboy Clays, and so far as known at present
they are confined to the Dakota sandstones of the West, and they should not,
in my judgment, be regarded as rarieties of any species of Liriodendron.

Locality: Woodbridge.
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Order EBENACEZ.
Diospyros privava Ieer.
Pl XXX, figs, 1-5.
Diospyros primeva Heer, Phyll, Crét., du Neb., p. 19, Pl. I, figs. 6, 7.

A number of leaves have been found which so closely resemble those
described by Ieer, first in the Phyllites Crétacées du Nebraska, and
afterwards in Vols. VI and VII of the Flora Fossilis Aretica, that 1 am
compelled to consider them the same. The form is ovoid, elliptical, the
base wedge-shaped, the summit obtuse or subacute, the margins entire,
the nervation very distinet and open, the midrid str mg, the lateral branches
forming a coarse festoon parallel with the margins, and all the included
areas filled with polygonal and relatively large areoles. This prominence
of the tertiary nervation is a marked feature of these leaves, as it is of
those obtained by Heer from the Upper Cretaccous of Greenland, as will
be seen in Vol. V11, Pl LXI, fie. 5b.

Locality: South Amboy.

Order ASCLEPIADACEZ.
ACERATES sp.?
Pl. XXXII, fig. 17; PL XLI, figs. 4, 5.

In regard to the specimen figured on Pl XXXI1I, fig. 17, there can
be little doubt that it belongs to the genus Acerates. A. arctica Heer is
described and figured in Flora Fossilis Aretica, Vol. VI, Abth. IT, p..82, Pl
XXX, figs. 19, 20, but our specimens seem to compare better with A. longipes
as deseribed and figured in Contributions & la Flore Fossile du Portugal,
pp- 81-32, Pl XXIV, figs. 1b, lc, 3a, 4, 5, 6, etc.

The specimens represented on Pl XLI, figs. 4, 5, while probably the
same, are destitute of any visible veining, and hence could be assigned
only provisionally to the same species. It would therefore seem safer
to place all three specimens under the same generic name, leaving the
specific status to be determined in the future in the light of more and better
material.

Locality: South Amboy.—A. H.
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Order CAPRIFOLIACEZE.
VIBURNUM INTEGRIFOLIUM Newb. n. sp.'
Pl 300 gl

Leaves cireular or nearly so, somewhat longer than broad, 7" or 8™
in diameter, margins entire; nervation strong, regular, craspedodrome.

One imperfect leaf of thig plant is contained in the collection.  The
general structure of the leat is that of Viburnum, and, except that the mar-
ging are entire, it fairly represents one of the larger and orbicular leaves
of Viburnum lantanoides. The base is probably heart-shaped, but both sum-
mit and base in the specimen arve defective. With so little material, of
course the reference to Viburnum is entirely problematical, but this deserves
to be enumerated as another of the extinet species of dicotyledonous leaves
in the Amboy flora.

Locality : 'Woodbridge.

GENERA AND SPECIES OF UNCERTAIN AFFINITIES,
PaLzaNtaus (WILLIAMSONIA) PROBLEMATICUS Newb. 1. sp.
Pl. XXXV, figs. 1-9.

Flowers, when fully expanded, discoid, 7** or 8™ in diameter, com-
posed of twenty or more narrow, strap-like floral envelopes set around the
edge of a discoid receptacle, which is conical in form, flat above, pointed
below, where it is eontinnous with the stem.

These remarkable objects have produced the greatest surprise, perhaps,
which has been met with in the disinterment of the representatives we have
collected of the flora of the Amboy Clays. Their general aspect is alto-
gether that of a helianthoid flower; so muech so that when drawings of
them were sent to Dr. Gray, the leading authority on the Composita, he
did not hesitate to say that they were composite flowers. Indeed, it would
be impossible to reproduce in a fossil state, at least embedded in clay, any-

thing more perfectly representative, in general and detail, of a composite

| The identity of this specimen with the genus Viburnum appears to be exceedingly doubtful, and
yet there can be no doubf of Dr. Newberry’s views in the matter; hence the original name remains
unaltered.—A. H.
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flower with twenty or more rayv-florets. Tt is evident, however, that the
material composing these florets of the ray was more substantial and per-
sistent than that of most helianthoid flowers, but it is well known that many
of the Composite, like Gnaphalium, Heliochrysum, ete., have the ray-
florets scarious or woody, and large flowers of the latter genus buried up in
mud and then baked would present practically the same aspeet and exhibit
apparently the same structure as these.

But it is well known that the Compositee are among the most special-
ized and, as we say, the highest, of the Howering plauts, and it would
require some modification of the generally prevalent ideas of the progress
of plant life on the globe to suppose that plants as highly organized as
any at the present time were not ouly present but abundant in the flora
that dates back to the middle of the Cretaceous age. And yet our explora-
tion of the Cretaceous flora has been full of surprises like this. That
the forests of North America at the date of the deposition of the Dakota
sandstones and the Amboy Clays were largely composed of trees which in
size, beauty, and botanical rank would compare favorably with the constit-
uents of our forests at the present day is indisputable. Magnolias and
Liriodendrous, the ornaments of our present forests, were there in abun-
dance and apparently in their greatest development, because they were
represented by a larger number of species than are found living at the
present time. The Liriodendrons were not only more numerous but more
varied and specialized, and it is evident that they were then in the golden
age of their existence. So the Sassafras, the sweet gum, and the Aralias,
and all the other conspicuous elements in this flora are of relatively high
botanical rank. Henece, in such a flora, owers of the Compositae would
not be out of place, and we should not hesitate to accept the obvious infer-

ence that these were such if it were not that a group of flower-like organs—

I mean the flowers called Williamsonia—hsd been found in the Mesozoic
rocks, possibly as low as the Trias, which are not without resemblance
to, and perhaps not without botanical affinity with, these, and whieh have
been proved to be the florescence of cyeads. The flowers of Williamsonia
have given rise to much discussion and have been regarded by botanists

as representative of very different botanical groups.  For example, Professor
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Williamson® considered the first discovered species as the flower of Zamia
gigas, an opinion concurred in by Carruthers,® who named the genus; Heer
considered Williamsonia as a parasite allied to Rafflesia, while Saporta con-
sidered the plant which bore these Howers as monocot vledonous and allied
to Pandanus.?

There is, however, this marked difference between Palwanthus and
any of the species of Williamsonia known, such as W. gigas Carr, W.
Leckenbyi Nath., W. Blanfordi Feistm., W. virginiensis Font., that these
all consist of a series of floral envelopes of a tenacious and permanent
character, swrrounding an internal, urn-like, pear-shaped, or sylindrical

o

spadix, the whole florescence sessile or short-peduncled; whereas in Palao-
anthus the ray-flovets surronnd a tessellated disk, closely resembling the
achenia-bearing receptacle of composite flowers, and are swrrounded by a
sealed involuere and supported by a well-defined stem.

Wirniamsonta Smockir Newb. n. sp.
P). XXXVI, figs. 1-8.

The flower cup-shaped or eylindrieal, open above, with a simple mar-
oin, which is generally expanded slightly, sometimes contracted; below
it rests upon a conical receptacle which reaches evenly downward, but
narrows to a comparatively slender stem. 7

The dimensions vary considerably, from 2.5°" to more than 3" in
breadth, and from 2.5 to nearly 4 in height. The base of the flower
and the stem seem to be covered with scales or bracts. Perhaps fifty of
these flowers have been found in the Amboy Clays, and yet nowhere has
any connection with any other plant heen detected. There is great simi-
larity between these flowers and those which T have called Palweanthus,
but in the latter the flower consists of a large number of distinet and sep-

arable scarious spiral envelopes, which are sometimes radiately expanded,

P Willismson: Linn. Trans. Vol. XXVI, p. 663-671, Pls, LII, LIII.

2Carrnthers: Linn, Trans. Vol, XXVI, pp. 680, 691, 1

3The following further references may be found of assistanece in this connection:

Phillips: Geol. Yorksh,, 3d ed., pp. 224, 225, P1. XXIV,

Feistmantel : Flora of Kach (Palwontologia Indiea), p. 52, Pl. XII, figs. 5-7.

Nathorst: Ofversigt af Kongl. Vetenskaps-Akademiens Forhandlingar, 1880, p. 33; 18858, p. 354.
Fontaine: Potomac Flora, p. 273, Pl. CXXXIII, figs. 5-7; PL. CLXYV, fig. 5.
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sometimes contracted to form an outline not unlike the flowers under con-
sideration.  These, however, seem to consist of a continuous sheet of what,
to have been preserved, must have been coriaceous material. This is
striated longitudinally and is divided into distinet organs. The receptacle
upon which each form of flower rests is essentially the same. It is a cone,
of which the point below conneets with the stem and the flattened base
formed the floor of the flower. The resemblance of our fossils to those
which have been called by Heer Williamsonia cretacea is so close that there
can be no doubt of their generic identity. Professor Heer's fossils arve
described in Flora Fossilis Aretica, Vol. VI, p. 59, and figured on Pls. XII
and XIIL.  The form of the flower cup in Professor Heer's species is much
the same as that of ours, except that it is more swollen, less eylindrical and
regular, and at the same time has a crenulated margin and is striated longi-
tudinally, as though composed of compacted petals, while in our fossil the
surface is essentially smooth. The pedicel, however, of Professor Heer's
species is very different from ours; it is no broader at the top, but contracts
much less rapidly, and descends to a thick, fleshy, scaled stem.

Professor Heer discusses at considerable length the relations of his
fossily, recognizing their resemblance to several species of Williamsonia
that have been described, and indicating their connection by taking the
generic name; yet he does not aceept the eonclusion of Professor Williamson
and others that it is the florescence of a cyead, but accepts the suggestion
of Dr. Nathorst that it should be regarded rather as a parasite belonging to
the order Balanophorese. But the recent discovery by Dr. Nathorst of a
species of Williamsonia on the same stem with the leaves of Anomozamites
places the subject in a new light and will probably compel us to return to
the original suggestion of Williamson.

Prororuyrrivm osovaTum Newh. n. sp.
E
Pl. XXXVTIII, fig. 4.

Leaf oval in outline, 10" to 12" in length by 7™ or 8 broad, con-
tracted at the base, the blade surrounding the petiole in a margin about
12" in width, margins entire; nerves delicate, pinnately arranged above,

Y = ¥ 1 1 o

radiate at base, camptodrome.
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Only one specimen of this interesting plant has yet been found in the
Amboy Clays. It differs from the species described by Lesquereux from
the Dakota group of the West (Profoplyllum Sternbergii, P. multinerve, P.
rugosum, ete.) in the simplicity of its outlines—as all the other species have

undulate or dentate margins—and in its obovate form. The character of
the base is, however, such as distinetly to bring it within the genus, and it
indicates that this feature, so striking in the flora of the Dakota, was not.
wanting on the eastern shore of the continent during the deposition of the
Amboy Clays.

The relations of Protophyllum to the flora of the present day have
never been satisfactorily determined, but 1 wonld suggest that the leaves
of some species of Coccoloba are very closely allied, both in form and
structure, to those of Protophyllum.

Locality: "Woodbridge.

DewarLquea GrONLANDICA Heer?.
Pl XTI, figs. 2, 3, 12
Dewalquea grinlandica Heer, F1, Foss. Aret,, Vol. VI, Abth. 11, p. 87, PL. XXIX, figs.

18, 19; PL XLIIL, figs. 5, 6; PL XLIV, fig.11; Vol. VIL, p. 37, PL LXII,

figs. 5, 6.

By comparison of our specimens with the figures represented by Heer
in Flora Fossilis Aretica, Vol. VII, PL. LXIIL, figs. 5, 6, under the above
name, there seems to be but little doubt that the two are identical and that
we are warranted in provisionally referring them to the same species.

No indication was given by Dr. Newberry as to his ideas concerning
the probable affinities of these leaves, nor was there any memorandum in

regard to locality.—A. H.
DEWALQUEA TRIFOLIATA Newh. n, sp.!
Pl. XXII, figs. 4-T.

Leaves in threes, springing from the same base, lance-linear, wedge-

shaped at base, margins entire, summits unknown.

I The two-leaved form shown at fig, 7 was not named by Dr. Newberry, although grouped with
the other figures, I am unable to determine whether he intended to regard it as a distinet species,
and have ineluded it provisionally with the others.—A. H.

MON XXVI 9
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Several of these trifoliate groups are contained in the collection, but
none in which the entire form of the leaflets is shown. Thisz material is
too meager to determine with accuracy their generic relations, but no other
has suggested itself than that with Dewalquea, a genus so frequently
represented in rocks of Upper Cretaceous age.

Locality: 'Woodbridge.

Povirires orBicULARIS Newh. n. sp.
Pl. XXTV, figs. 7, 8.

Leaves nearly orbicular, short petioled, about 4 in diameter, slightly
emarginate at the summit and wedge-shaped at the base, margins entire;
nervation fine, but distinet, regular; midrib slightly arched, side branches
nearly equally spaced, simple below, connecting in a festoon above.

Ounly two specimens of this leaf are contained in the collection, and
they present no characters by which they can be confidently referred to
their botanical position. They are not unlike some of the forms of Populus
hyperborea of Heer, but in my judgment they do not belong to the genus Pop-
ulus.  Hereafter more material will doubtless permit the generic relations
to be satistactorily determined.

Locality : Sayreville.
Puyrurres Erniericvs Newb. n. sp.
PL XXIV, fig. 9.

Leaf elliptical or long-ovoid, rounded at base, obtuse at summit,
margins entirve, slightly undulate; nervation fine, midrib somewhat curved,
gide branches delicate, set with considerable regularity, parallel, curved
upward.

Only a single specimen of this species has been obtained from the
Amboy Clays, and this does not suffice to determine its botanical relations.
It is, however, distinet from any other leaf contained in the collection, and
$0 it seems proper to call attention to it.

Locality: Woodbridge.
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PayLuires uNpburarus Newh. n. sp.
Pl XXIV, fig. 10.

Leaf nearly circular, about 6°* in diameter; margins broadly undu-
late; nervation distinet, but delicate, midrib thin and flexuous, side branches
remote, eurved upward, and connecting in a festoon along the margin.

Only a single incomplete specimen of this leat has been collected, and
this is shown in the above figure. The general aspect is that of a leaf of
Ilamamelis, but the nervation is different, inasmuch as it is camptodrome,
while in ITamamelis it is craspedodrome. We must wait for the collection
of more material before attempting to determine its botanical affinities.

Locality: Woodbridge.

Pryrrires osscura Hollick n. sp.
P1. XLII, fig. 33.

This single leaf appears like a distorted or abnormal specimen. Inas-
much as Dr. Newberry left no indication of his ideas regarding it, and no
memorandum of locality or collector, I have thought it best to designate it
by the above name.—A. II.

CavyciTes parRvus Newb. n. sp.
PL XLVI, figs. 28, 29.

Small calyx-like organisms, with (normally) five blunt sepals arranged
around a circular disk or center. Entire organism not more than 6™ or
7™ in diameter.

The name here adopted is that given by Dr. Newberry on the labels
attached to the specimens. Nomanuseript relating to them was found, and
I am unable to state whether or not he had formed any opinion in regard
to their probable botanical affinities.

Locality : Woodbridge.—A. H.
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CAvycITES DIOSPYRIFORMIS Newb. n. sp.
PL XLVI, figs, 39-41.

Organism about 12™ in diameter, calyx-like, consisting of a center,
around and connected with which are five blunt or slightly pointed lobes.
It resembles somewhat the dried calyx of Diospyros, for which reason 1
presume the above name was adopted by Dr. Newberry. No memoranda
coneerning the specimens were found except the labels which were attached
to them.

Locality : Woodbridge—A. H.

TricALYCITES PAPYRACEUS Newh. n. sp.
PL XLVI, figs. 30-38,

Organism consisting of a very small nuecleus to which is attached a
deeply triple-lobed or winged appendage; lobes broadly linear, obovate
or irregularly ovate, blunt, delicately veined or striated longitudinally.

The substance of the lobes is well preserved, and may be removed
from the surface of the clay like thin tissue paper. The lobes vary in
size, but the middle one is apparently always the longest, varying from
12" to 25" in length and from 6™ to 10™ in width. The name here
adopted is the one which Dr. Newberry gave to the specimens, without any
accompanying deseription.

Locality : Woodbridge—A. H.

TrRICARPELLITES STRIATUS Newh. n. sp.
Pl XLVI, figs. 9-13.

Among the most abundant fruits collected in the Woodbridge clays are
those to which Dr. Newberry gave the above name. They are nut-like in
appearance, irregularly ovoid in shape, inclosed in a longitudinally striated
husk or shell, 25™ to 40™ long and 20™" or more wide, terminated with a
sharp apex, rounded at the base, striated laterally, and normally grouped in
threes at the summit of a stem.
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No indication of their probable botanical affinities was given by Dr.
Newberry, and it seems best to leave them, without comment, under the
name with which he labeled them.

Locality: Woodbridge.—A. II.

JARPOLITHUS WOODBRIDGENSIS Newbh. n. sp.
Pl XLVI, fig, 22

A few subellipsoidal longitudinally striated fruits, 9™ or 10™* long by

3 or 4" hroad, were found, to which the above name was attached by

Dr. Newberry. Their probable botanical affinities were not indicated.
Locality: Woodbridge—A. H.

Carrorrraus prUNIFORMIS Newh. n. sp.
Pl XLV, fig. 42.

Somewhat irregular in shape, ovoid, pointed at both ends, striated
longitudinally, single, or connected at their ends in pairs, 15™ or 16™™
long by 6™ or 8™ wide.

These organisms are more or less abundant in the Woodbridge clays.

They were named as above by Dr. Newberry, but without any indication

A. T

of his opinion as to their botani cal affinities.

(JARPOLITHUS FLORIBUNDUS Newb. 1. sp.
Pl XL VI, figs. 17-21.

These organisms are apparently small seed pods, somewhat longer
than broad, 8™ or 4™ to 6™™ or T in diameter, with an opening at the
apex surrounded by sharp teeth. The opening is often elosed, in which
event the pod merely appears to have an acute apex, due to the coalesc-
ing of the sharp teeth. They occur singly or in pairs (fig. 18) on slender
branches, and one specimen (fig. 19) shows an apparently dichotomous
arrangement of the branches.

The name adopted is the one by which Dr. Newberry designated the
specimens from which the drawings were made.  No indication of probable
botanical affinities was given.

Locality: Woodbridge—A. H.
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JARPOLITHUS OVEFORMIS Newh. n. sp.
P1. XLVI, figs. 15, 16.

Ovate or, when young (?), slightly obovate in outline, 12™ to 20
long by 6™ to 10 broad; apex pointed; base rounded. Apparently a
several-chambered pod or capsule.

The name was given by Dr. Newberry without any description or
diseussion of probable botanical affinities,

Locality : Woodbridge.—A. H.
Carrorrtaus Hiksurus Newb. n. sp.
Pl XLVI, figs. 14, 14a.

Obovate in outline, about 1“"‘“‘lung by 6™ broad at widest part, appar-
ently consisting of two carpels, surrounded by a fringe of hair or bristles.

The above name is the one attached to the specimens by Dr. Newberry,
without any accompanying memoranda.

Locality: Woodbridge.—A. IL

STAMINATE AMENTS?
Pl XLVI, figs. 23-27,

Among the most common objects collected in the clays at certain
places are fruiting spikes or aments whose botanical affinities we have not
as yet determined. They vary from short, close, bud-like spikes, as shown
in figs. 23, 25, to a more elongated, ament-like structure, as shown in figs.
24, 26, 27.

Dr. Newberry labeled the specimens “Staminate aments,” without
describing them in any way. Under the eircumstances, I have thought
it best to include them without further comment.

Locality: South Amboy.—A. H.
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