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FOREWORD

"The Cretaceous Fossils of New Jersey," a standard
work for both amateur and professional paleontologists,
has been out-of-print for some time. Volume 1 was
published in 1958 and volume 2 in 1962. Despite their
age and their being long out of stock, a slow but steady
demand continues for these books. For several years it
has been necessary for the New Jersey Geological Survey
to refer investigators to libraries and used book dealers.

This new printing is intended to eliminate this
inconvenience. It is designed to satisfy the present-day
demands and those in the near future. Accordingly, the
re-issue is a new printing and not a new edition. Lack of
funds for revision means that coverage is incomplete and
nomenclature has not been updated. It is hoped that the
second printing will nevertheless serve contemporary
needs and that future funding may make possible a major
revision and updating work on the Cretaceous fossils of
the Garden State.
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Mg. Treopore J. Lianaan, Direetor
Division of Planning & Development

Sir: .

I am transmitting with this letter a much-needed report deseribing
the fossils which oceur in strata of Cretaceouns age underlying the coastal
plain of New Jersey. Those who seek water—or perhaps oil or natural
gas—{rom deep wells, know that these fossils provide the key by which
these strata can be recognized even though hundreds of feet beneath
the surface and many miles down-dip from the point where the same
strata are exposed at the surface.

Someone may ask, why mention oil and gas since neither of these
fuels have been found in New Jersey. To that I should like to answer
that large quantities of hoth oil and gas are now being obtained from
wells 30 miles and more off the coast of Lounisiana and Texas and to the
writer this is the logieal place to prospeet for the same fuels off New
Jersey. The increasing demands for water in our shore communities
also require the drilling of deep wells and the fossils obtained from these
are highly important in determining how deep the driller must go to
reach an aquifer.

All authors were requested to follow a specified coneise style in writ-
ing their descriptions of fossils. Nevertheless, it will be noted that there
is considerable variation in style and no attempt has been made in edit-
Ing manuseript to eliminate this; first, because it was felt that each ex-
pert was best acquainted with the descriptive style generally used by his
colleagues in the same field ; and secondly, because it was felt that any
request for drastic revision by the authors would be an unwarranted
additional burden upon these men who had already contributed so gen-
erously of their time and expert knowledge.

A Geologieal Survey is known by the work it does. Although local
recognition may be won because of aid on specific problems, broader
recognition comes only from its published works—particularly those of
this type which provide the fundamental information upon which many
investigations of the state’s natural resources must depend. I am there-
fore happy in the knowledge that publication of this report will be a
eredit to all concerned as well as econtributing to the economic well-being
of the state.

Respectfully submitted,

MerepiTH E. JOHNSON
State Geologist
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It was originally planned to publish this re-
port in a single volume. However, for praetical
reasons it has been necessary to issue the work in
two parts. This has created certain difficulties in
regard to the plates, A few of the illustrations of
species deseribed in Part I appear in Part IT.
Furthermore, certain of the plates which inelude
both Gastropods and Pelecypods will be repeated
in both parts (Plates 43 to 46). The table of
species and a bibliography wili éppear at the end
of Part 1L
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INTRODUCTION

by Horace G, Richards

Weller’s Cretaceous Paleontology of New Jersey has been out of
print for a number of years and is frequently difficult to cbtain through
second-hand book dealers. Since this book has a wide use among paleon-
tologists, both amateur and professional in New Jersey and elsewhere,
it seemed very desirable that the book should be reprinted. In the
interval since 1907 a great deal of work has been done on Cretaceous
paleontology . and therefore certain revisions in nomenclature, strati-
graphy and correlation are necessary. Furthermore, many of the notes
on the relative abundance of certain species are hased on localities no
longer available, For these reasons, a simple reprinting would be
unsatisfactory and misleading.

The present revision is an outgrowth of a cooperative program
arranged between the New Jersey Geological Survey and the Academy
of Natural Sciences of Philadelphia. It has been necessary to define
certain limits to the project. Many chapters have been completely
rewritten by experts in the particular fields, while others consist largely
of Weller’s original description with the synonomies, remarks and
distribution data brought up to date. Further details about the secope
of the respeetive chapters will be found elsewhere. (Page 27.)

Acknowledgments: Although most of the Cretaceous species of
New Jersey are represented by specimens {types or otherwise) at the
Academy of Natural Seciences of Philadelphia or the New Jersey State
Museum in Trenton, N, J., material has also been consulted at the
United States National Museum, Washington, D. C., Rutgers Univer-
sity, New Brunswick, N. J., Princeton University, Princeton, N. J.,
American Museum of Natural History, New York, N. Y., Wagner Free
Institute of Science, Philadelphia, Pa., Johns Hopkins University, Balti-
more, Md., Delaware Gleological Survey, Newark, Del., the University of
Chicago, Chicago, Ill,, and the Peabody Museum of Yale University,
New Haven, Conn. To all these institutions our thanks are tendered.

Next, the editor wishes to express his sincere thanks to Meredith E.
Johnson, State Geologist of New Jersey, whose interest and under-
standing of the difficult task of editing such a lengthy volume, written
by some eleven authors, has been of great help and encouragement
throughout the course of the work. Next, he wishes to express his grati-
tude to the various contributors, listed on page ii, who have generously
given of their time to help make this revision a success.

Finanecial aid for the project has been received from the New Jersey
- Ceologieal Survey, the American Philosophical Society,® the Academy
of Natural Sciences (Coastal Plain Fund) and the University of Penn-
gylvania?,

* Johnson Fund Grant.
2 Faculty Research Grant
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2 CRETACEOUS FOSSILS

It is impossible to acknowledge all the collectors—students, profes-
sionals and amateurs—who have supplied specimens for use in econnee-
tion with this revision. In many cases, important material has thus been
added to the ecollections of the Academy of Natural Seciences. Among
those who must be mentioned in this connection are Louis R. Beek, Jr.,
Larry Buehler, Paul Cresthull, Charles Dilks, Robert Doyle, Albert
(reenberg, Stephen Goldberg, Theodore Hesser, Jr., Leonard Johnson,
Virginia Lippinecott, Frank Markewicz, Halsey W. Mlller J r., James
L. Ruhle, and Stephen Wien.

The photographs of the corals, echinoids, nautiloids, ammonites, and
belemniteg have been prepared by the authors of the respective chap-
ters. The remaining photographs were taken at the Academy of Natural
Sciences by Louis R. Beck, A. Delwin Warden and Stephen F., Percival.
A few of the pictures were retouched by Arthur Bink.

Assistance in preparing the manuscript for publication has been
giver by James L. Ruhle, Juliet Reed and Joseph Camperson.

Since it was necessary to have the photographs taken at different
times by different photographers, it has unfortunately been impossible
to have the illustrations of uniform magnification, and frequently it has
been necessary to have pictures of related species on different plates.
This is regretted, but was made necessary by financial limitations of the
project.
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HISTORICAL REVIEW OF PREVIOUS WORK
ON THE CRETACEQUS OF NEW JERSEY!

by Robert C. Ramsdell

This chapter is not intended to be a complete summary of previous
work on the New Jersey Cretaceous. Only the more important refer-
ences are cited.* Except for a few pertinent works, articles of a strictly
paleontological nature are not discussed, although many such papers
are listed in the Bibliography. '

The sediments and fossils of the New Jeérsey Coastal Plain were
among the first to attract the attention of early students of American
geology. Many considered the deposits to be of alluvial origin, but
others recognized their marine origin. By 1820 interest in these forma-
tions and their eontained fossils was widespread. Among the early
workers were William Maclure, Charles Lyell, Samuel G. Morton,
Timothy A. Conrad, William Gabb and others. Their writings appeared
chiefly in the publieations of the American Philosophical Society, the
Academy of Natural Sciences of Philadelphia and in the American
Journal of Seience. The collections of many of these writers are pre-
served in the Academy of Natural Sciences of Philadelphia. Un-
fortunately the exact locality and horizon from which many of these
specimens were collected were not recorded and their labels read merely
“Cretaceous, New Jersey,’’

Many early attempts were made to correlate the deposits of the New
Jersey Coastal Plain with those in other regions. Finch (1824) at-
tempted to show that the sediments were ‘‘contemporaneous with the
newer secondary and tertiary formations’’ of certain European areas.
Vanuxem (1828) considered the New Jersey deposits to be Upper Cre-
taceous. Morton (1830) correlated them with Lower Cretaceous sedi-
ments ; however, he later (1832) recognized the presence of Upper Cre-
taceous fossils. Liyell (1845) correlated the New Jersey Cretaceous for-
mations with the divisions between the Gault and Maestrichtian of Eu-
rope. He also considered Morton’s uppermost division of the New
Jersey Cretaceous to be Eocene. Conrad (1848) similarly suggested
that the upper portions of the greensands® possibly were of Tertiary
age.
Morton’s Synopsis of the Organic Remains of the Cretaceous Group
of The United States was published in 1834, The Tertiary forms were
described by the same author in 1835, A large number of the fossils de-
seribed in these articles were collected in New Jersey. These publications
were the most important contributions to New Jersey paleontology until
Whitfield's monographs appeared in 1885 and 1892,

1 This chapter is adapted partly from Johnson and Richarda (1952}, and Groot, Organist
and Richarda (1954).

. 2An excellent historical account of the early studies on the Coastal Plain of New Jersey
is contained in Clark, Bagg and Shattuck (1898).

? The green color of these sediments is derived chiefly from the presence of large amounts
of the mineral glauconite.

3
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4 CRETACEQUS: FOSSILS Colafn

Rogers was commlsswned to study the geology of New Jersey in
1834, His first report (1836) and-his ‘‘Final Report” (1840) ¢ontained
a general classification of the Cretaceous and Tertiary strata of the
state. Except that he considered the clays tolie on the marls, his reports
gnerally were accurate. Although his elassification did not eontain the
details now recognized, it did inelude the more evident main divisions.
He included within the Cretaceous: ‘‘ the blue plastic, sandy and micace-
ous clays, with plant remains ; greensand or marl ; yellow granular lime-
stone, sometimes siliceous; yellow ferruginous sandstone and conglo-
merate’’ {Greacen, 1941, after Rogers, 1836). He called this entire
sequence the ‘‘Greensand Series.”” His Tertiary series contained ‘‘a
bluish or lead-colored clay with sand and some calcareous marl. >

The greensand or marl belt of New Jersey was recognized early as
being exceptionally fertile. Rogers was very interested in both the
greensand and limestone {or limesand) as fertilizers. He included many
details in both his *‘Preliminary Report’” and ‘“Final Report’’ on how
best to use these materials. The marl deposits were mined extensively
and the industry expanded rapidly, reaching its elimax in the latter
part of the nineteenth century. Most of these pits now are filled or so
overgrown that many of the previous exposures no longer are available.
Some of these greensands currently are used in the manufacture of water
softener.

In 1854 Cook undertook a detailed study of the Cretaceous and
Tertiary sediments of the state. He included these formations in three
major divisions to which he applied the names: ‘‘Plastic Clay’’ (oldest),
“Clay Marls’’ and “‘Marls’’ {youngest). Because of the large number
of pits in the ‘‘Marl’’ series associated with the flourishing marl indus-
try, Cook probably had an unexcelled opportunity to study these forma-
tions.! The resultant subdivision of this series was more detailed than
that of the other divisions. His clasmﬁcamon, based on the hthologw
and economic characters of the strata, is shown in Table 1.

Cook’s Geology of New Jersey, published in 1868, was & very com:
prehensive work and contained an excellent and generally aceurate.ae-
count of the Cretaceous and Tertiary formations of the state. This
volume also contained a faunal list of the New Jersey mvertebrates
compiled by Conrad.

From the study of well-drilling records Cook (1883) coneluded that
the upper part of the Upper Marl was Eocene ; however, he: was uncer-
tain as to the age of the lower and middle portions of the Upper Marl.
He considered the Lower and Middle Marls to be Cretaceous. .In the An-
nual Report for 1886 Cook included all exeept the upper. part of the
Upper Marl in the Upper Cretaceous.

Under Cook’s direction a study of the fossils of the Cretaceous and
Tertiary strata of the state was undertaken by Whitfield, The results
~ of this study were published in two volumes, the first in 1885, and the

1 Detailed records of the marl pits and chemical analyses of the various marls and of the
timesand were included in the Annual Reports of State Geologist until 1897.
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" HISTORICAL REVIEW

.second in-1892. No new collections were made by Whitfield and he was
dependent mainly upon the collections of the State Survey and those
of ““*Rutgers College’’ . and of the Academy of Natural Sciences of
Philadelphia. Because no differentiation of the strata comprising the
“‘Clay Marls’’ had been madé in these early vollections, the true strati-
graphic position of many of the specimens was uncertain. The speei-
mens with which Whitfield had to work often were poorly preserved and
were generally few in number, the type specimen often being the only
representative of a particular species. :

Clark began his investigations of the New Jersey Coastal Plam in
1891. He-vised similar stratigraphic divisions as Cook, but he substi-
tuted’ geographic names derived from their fype localities instead of the

‘prekusly used lithologic equivalents. His classification (Clark, Bagg
and Shattuck, 1897) of the Cretaceous, modified from earlier studies, is
also given in Table 1.

Beginning in 1894 Knapp spent several years doing detailed map-
ping of the Cretaceous and Tertiary formations and in revising earlier
maps and correlations. His work served as the basis of the present map-
ping of these formations as they appear on the present State Geological
Map. Knapp first applied most of the currently used formational names
of the Matawan group. In 1904 Kummel and Knapp presented a report
on the New Jersey clays in which they interpreted the Cretaceous and
Tertiary formations as shown in Table 1.

On the basis of floral evidence Clark (1904) considered the Raritan
to be Albian in age and the Cliffwood (i.e., Magothy) to be Cenomanian.

Weller’s extensive report on the Cretacecus paleontology of the
state appeared in 1907, His stratigrahic interpretations, given in Tables
1 and 2 are held valid today except that a Tertiary age has been estab-
lished for the Hornerstown, Vincentown and Manasquan formations.
Weller noted that the Wenonah sand was readily distinguished lithologi-
cally from the overlying Mount Laurel in Menmounth County, but that
further south the two formations were almost indistinguishable. He also
thought it impossible to make a faunal distinction between the Mount
Laurel and the overlying Navesink, These observations are considered
valid today.

-The report contamed a detalled diseussion of the New Jersey- Cre-
taceous invertebrates. Weller was the first to eritically analyze this
fauna. This analysis led him to the conclusion that two major faunal
divisions could be recognized ; these were designated the *‘Ripleyian’’
{lower) and ‘* Jerseyian”’ (upper) faunas., The latter now is considered
to be of Tertiary age. Weller’s studies indicated that the Ripleyian
fauna in New Jersey was a

“‘complex ‘assemblage of organisms with two or more distinet
facies which were doubtless associated with different environ-
mental eonditions’’ (Weller, 1907, p. 180).
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6 CRETACEOUS FOSSILS

In considering the ages of the formations Weller suggested that the
evidence supplied by the fauna of the Raritan was
‘‘too meager to be of practical use in correlation, and the cor-
relation of that formation must rest upon the evidence of the
fossil plants™ (Weller, 1907, pp. 183-184).
On the basis of the invertebrates he correlated the Magothy through
the Tinton inclusive with the Senonian of Europe; the Hornerstown,
Vincentown and Manasquan were correlated with the lower Danian
{Maestrichtian),

““The Geology of New Jersey,”’ a general summary of the geology
of the state, was written by Lewis and Kummel in 1915 mainly to ex-
plain the State Geological Map (1910-1912). This report as revised and
rewritten' by Kummel in 1940, contained a general description of the
lithology, fauna and geologie history of the Coastal Plain sediments.
Several editions of the map have been published with minor changes,
the latest in 1950,

Mansfield’s work on the New Jersey greensands was stimulated by
the need for additional sources of potash during World War I. This
study of the marl pits and well records was made by the United States
Geological Survey in cooperation with the Geological Survey of New
Jersey. The maps accompanying the report (Mansfield 1922) showed
the areal distribution of the greensands superimposed on the topogra-
phy. These maps were compiled by Knapp.

Until 1928 the Hornerstown, Vineentown and Manasquan gener-
ally had been considered as late Upper Cretaceous in age. In that year,
however, Cooke and Stephenson on the basis of faunal and lithologie
evidence, established the Eocene age of these formations. Although
some writers assert a Paleocene age for the Hornerstown and Vincen-
town, most Ameriean workers agree at least with the Tertiary age.?

After studying the bryozoans of the Vincentown, Canu and Bassler
{1933) maintained an Upper Cretaceous age for the Hornerstown and
Vincentown. Greacen (1941), concluded that the evidenee for an early
Eocene age of the Vincentown as indicated by most of its fauna, out-
weighed the evidence for a Cretaceous age as indicated by the bryozoans
alone.

Stephenson ¢f al. (1942) correlated the outcropping Cretaceous
formations of the Atlantic and Gulf Coastal Plain and Trans-Pecos
Texas. The Raritan was correlated with the Cenomanian of Europe;
the Magothy with the lower Senonian {Coniacian); the Merchantville
with the middle Senonian (Santonian) ; the Woodbury, Englishtown,
Marshalltown and Wenonah with the upper Senonian (Campanian) ;
and the Mount Laurel, Navesink and Red Bank (including the Tinton)
with the lower Maestrichtian.

In discussing the aquifers of Middlesex County, Barksdale et al.

! Several recent papers concerning the exact Tertiary age of these formatipns have been
written. Since the present report is concerned with the Cretaceous, these articles are not
discussed here.
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HISTORICAL REVIEW 7

(1943) first applied names to the sand members of the Raritan. In the
same year Richards described several new species of invertebrates from
the Raritan (Richards, 1943). He also discussed the subsurface geology
of the Atlantic Coastal Plain and he first recorded the presence of
Lower Cretaceous nonmarine sediments (Potomac group) in New
Jersey in well samples from Salem, New Jersey.® Shell fragments and
foraminifera from the Englishtown also were reported. This was the
first record of fossils from this formation.

Spangler and Peterson (1950) discussed the geology of the Coastal
Plain of New Jersey and adjacent states southward through Virginia.
A large part of the article concerned New Jersey. These authors reach-
ed three main conclusions rgarding the Cretaceous of New Jersey: (1)
that the Matawan and Monmouth groups should be reduced to the rank
of formations and the various formations within these groups should
be reduced to members; (2) that the Mount L:aurel should be included
in the Matawan rather than in the Monmouth ; and (3) that the Raritan
is both upper Lower Cretaceous (Albian) and basal Upper Cretaceous
(Cenomanian). (See Table 2,)

Johnson and Richards (1952) eritically reviewed the New .Jersey
section of the above paper. These writers maintained the validity of
the Matawan and Monmouth as groups and the Merchantville, Wood-
bury, ete. as formations; believed that the Mount Laurel is the basal
portion of the Monmouth group ; and reaffirmed the Late Cretaccous age
of the entire Raritan. New information gained through the study of ex-
eavations and core borings connected with the New Jersey Turnpike
also was included.

On the basis of a reexamination of the faunal and floral evidence,
Dorf (1952) maintained that the Raritan is early Liate Cretaceous in
age, He also suggested that the Raritan may range from the Ceno-
manian inte the early Turonian, and that the Magothy may extend
from late Turonian into the Senonian.

Stephenson’s recent paper {1954) is of particular interest because
it contains descriptions of a large number of new Raritan fossils,

Groot, Organist and Richards have recently (1954) described the
stratigraphy and paleontology of the Chesapeake and Delaware Canal.
This article should be mentioned in the present summary because of the
large number of geologic comparisons made between Delaware and New
Jersey and because of references made to New Jersey geology.

1Statement bhased upon unpublished work of Dr. Lincoln Dryden of Bryn Mawr College.
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PREVIOUS WORK ON CRETACEOQUS INVERTEBRATE FOS-
SILS FROM THE ATLANTIC AND GULF COASTAL PLAIN
OTHER THAN NEW JERSEY

by Horace G. Richards

No attempt will be made to give a detailed review of the Cretaceous
paleontology and stratigraphy of the Atlantic and Gulf Coastal Plain.
This section will merely list a few references for the various areas be-
tween Georges Bank and Texas so that the interested reader can find
further information on the presence and correlation of Cretaceous in-
vertebrate fossils.

Georges Bank. Stephenson (1936) has diseussed the mollusks from
geveral dredgings on Georges Bank and the Banquerean (off Nova Seo-
tia). Correlations are suggested with formations of New Jersey.

New England. Very few Cretaceous fossils have been found in New
England. A few from Marthas Vineyard are listed by Stephenson
(Woodworth and Wigglesworth, 1934) and are correlated with some
part of the Matawan group of New Jersey.

Long Island. There are few Cretaceous outerops on Long Island,
although numerous occurrences have been reported from the subsurface.
At present it is only possibie to subdivide the Cretaceous into the Raritan
and the post-Raritan, A few fossils—plant and mollusk-—are listed by
Fuller (1914, p. 78).

. Delaware. Exposures of the Upper Cretaceous deposits of Delaware
are largely limited to those along the Chesapeake and Delaware Canal;
the Lower Cretaceous deposits eontain only a few plant remains. Many
of the invertebrates common in the Cretaceous of New Jersey also oeeur
along the canal and not a few were originally described from Delaware.
Gardner (1916) in her report on the Cretaceons mollusks of Maryland,
discussed many records from the canal, while Stephenson et al (1932)
in the Guidebook for the 16th International Qeological Congress gave
several geologieal sections and lists of fossils, Carter (1937) discussed
the stratigraphy of the canal banks in some detail and listed many spe-
cies, The marine Upper Cretaceous of Delaware was recently reviewed
by Groot, Organist and Richards (1954) and an attempt was made to
redefine the stratigraphy. A history of previous work in the state is
ineluded in the latter report.

" Maryland. The most complete report on the Upper Cretaceous of
Maryland is the well illustrated two-volume report issued by the Mary-
land .nglogteal Survey (Clark et ¢, 1916). This volume includes a

- Iengthy report on the Upper Cretaceons floras of the world by Berry

as well as s7stematic sections on the different groups of animals and

_ plants by variois authors,

. Lists and defgiptions of the Cretaceous mollusks from wells near
~ s
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12 CRETACEOUS FOSSILS

Salisbury, Berlin and Ocean City, Maryland, were given by Stephenson
and Vokes in a volume edited by Anderson (1948).

Virginia. No marine fossiliferous Cretaceous deposits are known
to crop out in Virginia. However, the Raritan formation is known from
the subsurface in the vicinity of Norfolk, from which the index fossil
Ezogyra woolmant was described (Richards, 1947).

North Caroline. Numerous Cretaceous loealities as well as lists of
species were given by Stephenson (1912) as part of a general survey
of the Coastal Plain of North Carolina. The fossils were deseribed and
fully illustrated in a later volume (Stephenson, 1923), with a few addi-
tional species described still later (Stephenson, 1927). A brief sum-
mary of the Cretaceous of the state was included in a volume by Rich-
ards (1950).

South Caroling. Many species from the Cretaceous of South Caro-
lina are included in the above mentioned North Carolina reports (Ste-
phenson, 1923, 1927). A discussion of some localities with lists of fossils
was given by Cooke (1936).

Georgia. Although many species were described by early workers
from Pataula Creek and other localities in Georgia, no complete report
on the Cretaceous fossils of that state has ever been published. Lists of
localities and species have been given by Veatech and Stephenson (1911)
and Cooke (1943). The fauna of the Eutaw formation of Georgia and
Alabama has recently been described by Stephensen (1957).

Algbamae. Although the loeality at Fufaula, Alabama, on the Chat-
tahoochee River has yielded many species described by Conrad and
others, there has never been a ecomplete report on the Cretaceous fauna
of Alabama. The most complete summary is that of Stephenson (1926)
which contains a few plates of typieal fossils.

Mississippi The most complete summary of the Cretaceous of .

Mississippi is the report of Stephenson and Monroe (1940). A-few
additional species from the vicinity of Dumas in Tippah County were
deseribed by Harbison (1945).

Tennessee. The fauna of the classie loeality at Coon Creek, McNau'y

\f"

s

County, Tennessee, has been fully described and illustrated by Wade / %

(1926).

Texas. Summaries of the Cretaceous of the state have been pre.
pared by Adkins (1928, 1932), while detailed reports on the faunas of
the Navarro and Woodbine formations have been published by Ste-
phenson (1941, 1953).

General. For a general discussion of the Cretaceous of the Allantic
and Gulf Coasts, the reader is referred to the the writings of Sfephenson

(1939) and Richards (1953) as well as to the chart by Stejhenson et-al

(1942) upon which Table 3-—~(page 13) is in part bassd. Works deal-
ing with special groups of fossils found in the Cretagus of the Coastal

Plain include reports on the echinoids (Cookr, 1953), the Exogyras

(Stephenson, 1914) and the corals (Wells, 1913)

NEW JERSEY GEOLOGICAL SURVEY

o




UPPER

LOWER?

Ezxogyra
Zone

E. costata -

{ E. cencelata

E. ponderosa

E. upatoiensis

E. woolmani

* Subsnrface

LONG
ISLAND

Post Raritan

Raritan

NEW JERSEY

Tinton
Red Bank
Navesink

Mount Laurel

Wenonah
Marshalltown
Englishtown
Woodbury
Merchantville

Magothy

Raritan

dnoxs Inowuo

dnoxn uems)Bp

Potomac group*

DELAWARE

Reci i3.a.nk? ‘

Navesink
Mt. Laurel

Wenonah
1

Merchantville

Magothy

Raritan

Patapsco
Arundel*
Patuxent

MARYLAND

Monmouth

Matawan

Magothy

Raritan

Patapsco
Arundel
Patuxent

VIRGINIA

Patuxent

NEW JERSEY GEOLOGICAL SURVEY A i
TaBLE 3. Correlation of Cretaceous Formations of Atantiec Coastal Plain.

NORTH
CAROLINA

Peedee

Black Creek

Black Creek
(part)

Tuscaloosa

SOUTH
CAROLINA

Peedee

Black Creek

Tuscaloosa

GEORGIA

Providence

Ripley

) Cusseta
Blufftown

Eutaw

Tusealoosa

GULF COAST

Navarro

Taylor

Eutaw
Austin

Tuscaloosa
Woodbine

Comanche



CRETACEOUS FORMATIONS OF NEW JERSEY?

by Horace &, Richards

Lower Cretaceous. No deposits of Early Cretacecus age are known
to erop out in New Jersey. The three formations of the Potomae group,
the Patuxent (predominately a sand), the Arundel (elay) and the
Patapsco {predominately a sand) are widely distributed in the area
immediately to the south, but have not been reported from the surface
in New Jersey. There is a difference of opinion regarding the age of the
Potomae group. It has generally been placed in the Lower Cretaceous
on the basis of fossil plants. More recently, Anderson (1948) and
Spangler and Peterson {1950} placed the Patuxent in the Lower Cre-
taceous and the Arundel and Patapseo in the Upper Cretaceous. On a
reexamination of the fossil plants, Dorf (1952) rejects the Upper Cre-
taceous dating and places the entire group in the Lower Cretaceous.
Dryden, (quoted by Johnson and Richards, 1952 p. 2153) on the basis
of heavy mineral studies, states that the lower section of the deep well
at Salem, N. J. penetrated into the Lower Cretaceous. This is the only
record of the Lower Cretaceous in New Jersey.

Raritan formation. The Raritan formation was first named by Con-
rad (1869, p. 360), but was redefined and restricted by Clark (1904) to
exclude those beds now assigned to the Magothy. The Raritan formation
consists chiefly of alternating layers of sand and clay. The clays are
of various colors from nearly white to steel-blue, red and black; some
beds are sandy and at times considerable quantities of pyrite and lignite
are included. Some of the sands are nearly pure quartz, while others
are micaceous, lignitic or arkosic,

In Middlesex County, the Raritan formation has been divided into
seven beds but it is probable that they are rather loeal in distribution.
The older and newer terminologies are given below:

Kummel and Knapp, 1904 Barksdale, et al, 1943
7. Amboy Stoneware Clay Amboy stoneware clay (top)
6. Sand Bed No. 3 Old Bridge sand member
5. South Amboy Fire Clay South Amboy fire clay
4. Feldspar-Kaolin S8and Bed Sayreville sand member
3. Woodbridge clay Woodbridge elay
2. Fire Sand No. 1 Farrington sand member
1. Raritan Fire and Terracotta Raritan fire clay (bottom)

(Potter's) Clay

In the vicinity of Raritan Bay, the Raritan formation can easily be
distinguished from the overlying Magothy, but this separation is much
more difficult farther to the southwest. Consequently many geclogical
maps combine the two formations,

1 This chapter is partly adapted from Weller {(1907). Lewis and Kummel (1940}, Spangler
and Peterson (1950) and Johnson and Richards {1952).

14
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CRETACEQUS FORMATIONS 15

Fossil plants are known from most members (Berry, 1911), while
brackish and marine invertebrates are known only from the Wood-
bridge member where they occur in an impure siderite. It is probable
that the Raritan formation is predominantly non-marine in origin with
only a few thin lenses indicating marine conditions, as exemplified by
the fossils in the Woodbridge member at Sayreville and a few shell
fragments in wells at Fort Dix and Clementon.

Both the plants and animals suggest a basal Upper Cretaceous age
correlated with the Tuscaloosa and Woodbine of the southern coastal
plain and the Cenomanian of Europe.

Spangler and Peterson suggested that the Raritan of New Jersey
was equivalent to the basal Upper Cretaceous (Cenomanian) plus the
upper Lower Cretaceous (Albion), but this argument was refuted by
Johnson and Richards (1952) and Dorf (1952).

Magothy formation. In early reports the Magothy of New Jersey
was included with the Raritan. The name was first used by Darton
(1893) for exposures along the Magothy River in Maryland. It sup-
planted the local name *‘ Cliffwood clays’’ used for the fossiliferous ma-
terial exposed along Raritan Bay at Clifiwood, New Jersey. The Ma-
gothy formation extends across New Jersey from Raritan Bay to the
Delaware River below Camden; it is, however, difficult to distinguish
it from the Raritan south of Trenton.

The Magothy consists of beds of sand and clay, many of them highly
lignitie, with some glauconitic beds near the top. An extensive marine
fauna has been described near Cliffwood, N. J., but elsewhere the for-
mation is largely non-marine and frequently carries plant fossils. The
fauna suggests a correlation with the Eutah beds of the Gulf Coast.

MATAWAN GROUP, The term Matawan was first suggested as a
name for the glaueonitic sands and clays exposed along Matawan Creek,
New Jersey by Clark {1894). This unit had previously been known as
the ‘“elay marl series.”’ At first it was regarded as a formation, but
it was later raised to the rank of a group with the individual members
being called formations. In Maryland, where the individual units are
not readily recognizable, the Matawan is regarded as a formation.

Spangler and Peterson (1950) prefer the formational rank of the
Matawan, but Johnson and Richards (1952) argue that since the vari-
ous units are mappable for reasonably long distances, these units are
truly formations. This would make the Matawan a group.

_ The Matawan gronp is roughly equivalent to the Black Creek forma-
tion of the Carolinas, the Taylor group of the Gulf region and the
Campanian of Europe. For other correlations see table on page 13.

Merchantville formation. The clays overlying the Magothy were
defined as the Crosswicks formation by Conrad (1869). Although this
term is still sometimes used in Delaware and Maryland, in New Jersey
it has been broken down into two distinct units. The lower unit, the
Merchantville, was named by Knapp (Salisbury, 1899) and consists of
black, glanconitic, micaceous, and occasionally sandy clay. It is gen-

NEW JERSEY GEOLOGICAL SURVEY -



16 'CRETACEOUS FOSSILS

erally greasy in appearance, massive in structure, and weathers to &
brown earth. Its maximum thickness in outerop is 60 feet, but it prob-
ably thickens down dip. The Merchantville contains an extensive fauna,
especially from Maple Shade (Lenola).

Woodbury formatton. The upper part of the Crosswicks formation
was described as a separate formation, the Woodbury, by Knapp (Salis-

-bury, 1899, p. 35). It is a black, non-glauconitie, jointed clay which
weathers to a light chocolate color and when dry breaks into innumer-
able blocks. It is comformable with the underlying Merchantville and
the overlying Englishtown sand. It can be distinguished from the Mer-
chantville by its color difference, the absence of glaunconite, and by dif-
ferences in faunal content.

Englishtown formation. The Englishtown is a white or yellow quartz
sand, slightly micaceous and sparingly glauconitic., Locally parts of the
formation have been cemented into rather massive beds of sandstone.
The sand is frequently cross-bedded and occasionally there are beds of
clay. It represents the lower part of the ‘‘Hazlet sand’’ of Clark and
part of Cook’s “‘elay marl series.”” It was formerly ealled the **Coluin-
bus sand.”’ The term Englishtown was first used by Kummel (in Weller,
1907, p. 17). -

The Englishtown sand is best exposed in the northeastern part of its
distribution, near Englishtown, Browntown and Atlantic Highlands,
Tt can be traced southwest across the state through Moorestown and
Swedesboro to, or almost to, the Delaware River, It is not recognized in
Delaware (Groot, Organist and Richards, 1954),

The Englishtown sand is probably largely non-marine or estuarine
although a few marine fossils have been found in wells and bore holes
(see page 23).

Marshalltown formation. This unit was named by Knapp (in Salis-
bury, 1839, pp. 35-6) and consists of material ranging from a black
sandy clay to an argiliaceous glauconitic marl, It extends in a narrow
belt from Monmouth o Salem Counties but is'known in relatively few
outerops. Credner (1870} reported abundant fossils from a railroad
cut near Woodbury and Weller obtained excellent material near Swedes-
boro, but neither of these localities is accessible today.

Wenonah sand. Above the Marshalltown formation there is a con-
siderable thickness of sand. This has been separated into two formations
largely on the basis of the fossils, although the lower part (Wenonah)
is generally a fine micaceous sand and the upper part (Mount Laurel)
is coarser and contains considerable glauconite. Because of the differ-
ences in faunas, it is now believed that the Wenonah-Mount, Laurel
boundary is also the boundary between the Matawan group and the
overlying Monmounth group. Spangler and Paterson raised an ob-
jection to this correlation and would prefer to move the Matawan-
Monmouth boundary to the shell bed in the Navesink formation. The
geological map of New Jersey combines these sands as the Mount
Laurel-Wenonah, but in Delawarc the boundary is very distinet.

. NEW JERSEY GEOLOGICAL SURVEY
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- The Wenonah fauna is largely recurrent from the Woodbury and
contains few species in common with the Marshalltown or the overlying
Mount Laurel. The problematical fossil tube (1) Halyminites major is
characteristic of the Wenonah formation at a number of localities in New
Jersey and Delaware. A thin deposit of bentonite is known in the Weno-
nah near Runnemede, N. J. The term Wenonah was first used by Kuapp
(Salisbury, 1899, p. 35).

MONMOUTH GREOUP. The Monmouth formation was named by
Clark (1897) from Monmouth County, New Jersey, but later the mem-
bers were raised to the rank of formations. In Maryland, the Mon-
mouth was originally divided into the Navesink and the Redbank, but at
present it is regarded as a single formation. As in the ease of the Mata-
wan, Spangler and Peterson (1950} suggested reducing the Monmouth
to the rank of a formation with the subdivisions being classed as mem-
bers, but again Johnson and Richards point out the desirability of re-
taining the formational rank of the different units.

The Monmouth greup is roughly equivalent to the Peedee formation
of the Carolinas, the Navarro of Texas and part of the Maestrichtian of
Europe (see page 13).

Mount Laurel sand. The Mount Liaurel sand, named by Clark (1897),
is generally slightly coarser and more glanconitic than the Wenonah, al-
though they frequently eannot be separated. Faunally, however, the
Mount Laurel is very distinet and is characterized by Belemnitella
americana, Choristothyris plicata, Exogyre costata and E. cancellata.
Faunally the Mount Laurél is almost identical with the overlying Nave-
sink, In New Jersey the Mount Laurel and Navesink are very different
lithologically, although in Delaware they are combined into a single
unit (Groot, Organist and Richards, 1954).

Navesink marl. The Navesink formation (Clark, 1894, p. 336) con-
sists of glauconitic marl mixed with varying amounts of quartz sand.
The upper part of the formation is less glauconitie and more clayey. The
glaneonite is used in water-softening equipment and is dug at Sewell
where it underlies a somewhat similar glauconitic marl of the Horners-
town formation. The Navesink corresponds in general with Cook’s
““Lower Marl.”’ It is highly fossiliferous in places and contains such
species as B, americana, E. costata, Gryphea conveza and Choristo-
thyris plicata.

Red Bank send. This formation, named by Clark (1893, p. 337)
from Red Bank, N. J., is for the most part a fairly coarse yellow and
reddish brown quartz sand, locally indurated to limonitic sandstone.
The lower beds, which contain the better fossils, are somewhat clayey. It
is best developed in northern Monmouth County where it.attains a
thickness of 140 feet, but it thins out toward the southwest and pinches
out. completely near Sykesville, Burlington County. It is not known
from there to the Delaware River. A sand closely resembling the Red
Bark sand of New Jersey oceurs along the Chesapeake and Delaware
Canal but because it contains certain elements.of the Navesink fauna

NEW JERSEY GEOLOGICAL SURVEY



18 CRETACEOUS FOSSILS

it is possible that it is slightly older than the typical Red Bank (Groot,
Organist and Richards, 1954 p. 29). The Red Bank formation is, in part,
the ‘‘red sand’’ of earlier writers.

Tinton bed. Beds of green clayey and sandy glauconitic marl from
10 to 20 feet in total thickness overlie the Red Bank in Monmouth
County. These beds are frequently well indurated. They were named
by Weller (1904, p. 159) from Tinton Falls, N. J. The United States
Geological Survey regards the Tinton as a member of the Red Bank,
but in view of faunal and lithologieal differences, the State Survey gives
the Tinton formational rank.

EOCENE. At the time that Weller prepared his report on the
Cretaceous fossils of New Jersey the three next youngest formations—
the Hornerstown, Vincentown and Manasquan—-were regarded as of
Cretaceous age and their faunas were discussed and illustrated in the
1907 volume. Later, however, Cooke and Stephenson (1928) pointed out
that the faunas of these three formations suggested an Focene age.
‘While there has been some difference of opinion regarding the exact cor-
relation, most American writers have followed Cooke and Stephenson
in placing the Hornerstown, Vincentown and Manasquan formations
in the Tertiary,

The Hornerstown, and to a lesser extent the Vincentown, contain spe-
cies related to those of the Danian of Europe. Since the Danian is re-
garded by some as basal Paleocene and by others as uppermost Cre-
taceous, no convinecing evidence for the age of these three formations
can be reached by correlation with Europe.

MecLean (1952, 1953) believes that the foraminifera from the Vin-
centown formation suggest a Paleocene age, but other workers have
favored a Wilecox age. The problem of the age of these three New Jersey
formatipns is being studied by various workers and it is hoped that &
more positive correlation can be worked out soon. Table 4 gives the
eorrelation favored by the author.

TasLE 4. Correlation of Eocene formations of New Jersey with those
of the Gulf Coast.

NEW JERSEY GULF COAST
Shark River Claiborne
Manasquan Wileox (1)
Vineentown

} Midway (Paleocene)
Hornerstown

Whatever be the age of the Hornerstown, it is apparent that it rests
unconformably on the Tinton, Red Bank and Navesink formations pro-
gressively from northeast to southwest.

Alternation of founas. ‘‘The strata from the Magothy to the Tinton,
inclusive, contain a complex assemblage of organisms with'two distinet
facies. One of these, a Cucullaea feuna, characterizes the more glauconitic
formations—the Merchantville, the Marshalltown, the Navesink, and the
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Tinton—and may be regarded as a deeper-water fauna. The second
faunal facies, characterized by Lucina eretaceq [Lucina glebula] or its
associates, oceurs in the clay and clayey sand of the Magothy, the Wood-
bury, the Wenonah and the Red Bank formations and was a shallower
water fauna. ‘

“‘Both of these facies probably lived side by side in their respective
zones off the shore and migrated back and forth across the Coastal Plain
region with the gradual advance and retreat of the sea. During the
periods of depression the deeper water with the accompanying glau-
conitic sediments and the Cuculleca fauna gradually entered this region
from the southeast and oceupied a belt that had formerly been occupied
by the shallower water fauna and in which chiefly land-derived sedi-
ments had been deposited. With a later period of emergence both
faunas shifted to the southeast and the shallower water facies again
oceupied the region.”” (Lewis and Kummel, 1940 pp. 121-22)

It need not be assumed that the difference between the shallow
water and the deeper water was very great. It was formerly believed that
glauconite formed only under conditions of moderately deep water
(at least 600 feet), but this has now been shown to be erroneous and
that it can form even in very shallow water. This fact plus the fact that
fossil wood has been found in most of the Cretaceous formations in New
Jersey suggests that the water was never very deep and that the shore-
line was never very far west of the Delaware River.

Ezogyra zones. Paleontelogists have found it eonvenient to recog-
nize certain zones within the Upper Cretaceous which are characterized
by certain assemblages of fossils. Among the fossils most useful for this
zoning are certain species of the palecypod Ezogyra. These species
with their associated fossils are very useful in long range correlation
of the Cretaceons deposits of the Atlantic and Gulf Coastal Plain. The
following zones have been recognized.

Ezogyre woolmani zone. This species has been found in the Rari-
tan and Tuscaloosa formations from New Jersey to South Carolina. It
is closely related to E. columbella from the Eagle Ford formation of
Texas which is approximately the same age as the Raritan and Tuseca-
loosa.

Ezxogyre upatoiensis zone. This zone was first recognized by Ste-
phenson from a well at Charleston, South Carolina. It is probably
equivalent to the older, continental phase of the Black Creek formation
of the Carolinas, the Eutah of Georgia and the Magothy of New Jersey,
although the species has not actually been found in the latter state.

Ezogyra ponderosa zone. This zone comprises the Marshalitown
formation of New Jersey, part of the Matawan of Maryland, the Black
Creek of the Carolinas, and the Taylor of Texas,

Ezogyra costata zone. This group comprises the formations of the
Monmouth group of New Jersey, the Peedee of the Carolinas, and part
of the Navarro of Texas.?

1 Exogyra costaia has noepﬂy been found in the Woodburs formation. See page 118.
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Ezogyrae cancellata zone. This is a more restricted zone forming the
base of the Exegyra costata zone. Tt has been traced a distance of 2500
miles from Atlantic Highlands, N. J. to Cardenas in the State of San
Luis Potosi in Mexico, (Stephenson, 1933).) In New Jersey the zone
is almost identical with the Mount Laurel formation although a few
specimens of E. cancellata have reeently been reported from the Nave-
sink. In Delaware, where the Mount Laurel and Navesink formations
are combined, E. cancelliata is found throughout the combined formation
(Groot, Organist and Richards, 1954). Some of the other species gen-
erally associated with the Ezogyra cancellata zone are: Ostrea falcate,
0. pandae, 0. plumosa, Q. tecticostate, Gryphaea convexe, E. costate,
Pecten simplicius, Anomig argentaria, A. tellinoides, Paranomia scabra,
and Belemnilelle americana. The only one of the above mentioned spe-
cies limited to the Mount Liaurel sand is Anomia tellinoides.

TaBLE 5. Average thickness {at outerop) and dip of Cretaceous forma-
mations of New Jersey

Average thickness at  Average southeastward

outerop in feet dip in fect per mile
TINTON 10-20 in Monmouth Co. 30
only
RED BANK 140 in Monmouth Co. Not 30-33
present south of Sykesville.
NAVESINK 3-40 33
MOUNT LAUREL 5-60 3b
WENONAH 20-35 36
MARSHALLTOWN 40-50 37
ENGLISHTOWN 140 in Monmouth Co. to 39
about 35 feet in Salem Co.
WOODBURY 50 - 41
MERCHANTVILLE 4b-60 42
MAGOTHY 175 on Raritan Bay and 4045
diminishing to less than 20
feet along Delaware River.
RARITAN 150-300 top about 45;
base 65-100.
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LIST OF CRETACEQUS FOSSIL LOCALITIES IN NEW JERSEY
by Horace G. Richards

No attempt is made to record all localities within the state from
which fossils have been collected. The following list eovers most of the
important localities of early collectors as well as those available today.
The list is partly adapted from Weller (1907} but has been brought up
to date by the inclusion of numerous localities discovered during recent
years. The information is not as detailed as given in Weller’s original
volume, but it is believed to be sufficient. In many cases, labels or pub-
lished records of collected fossils merely list the nearest fown such as
Haddonfield or Cliffwood. In this case, the general region is given a
number while the exaect locality, when known, is given a subheading
such as la, 1b, ete. Thus a specimen recorded from locality 5 came from
Cliffwood, exaet spot not known, while specimens recorded from 5d
came from Oschwald’s pits at Cliffwood.

Those localities from which fossils have been collected within the last
five years and which presumably are still accessible to the fossil hunter
are designated by the symbol *.

For more detailed information on some of the localities mentioned,
the reader is referred to Weller (1807}, Spangler and Peterson (1950),
and Johnson and Richards (1952).

RARITAN FORMATION
1. Sayreville, Middlesex County, N. J.
*1a. Sayre and Fisher pit (Woodbridge member)
*1b. New Jersey Clay Products Company pit (Woodbridge mem-
ber)
le. Furman’s pits {Weller)
2. Woodbridge, Middlesex County, N. J. Valentine pits (Whitfield)
3. East Brunswick Township, Middlesex County, N. J. (Whitfield)
4. South River, Middlesex County, N, J.‘“Washington’’ of old labels
of Conrad.
In addition, unidentifiable Raritan fossils have been found in wells
at Fort Dix and Clementon, N. J.

MAGOTHY FORMATION

5. Cliffwood, Monmouth County, N. J.
*5a. Bluff along Raritan Bay
*5b. Material loose on beach near bluff
5¢. Old pits near Cliffwood (Weller)
*5d. Oschwald’s pits (near Whale Creek)
6. Matawan, Monmouth County, N. J,

MERCHANTVILLE FORMATION

*7. Cliffwood, Monmouth County, N. J. (Osehwald’s pits, Overlies
the Magothy formation}.
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22 . CRETACEOUS FOSSILS

8. Matawan, Monmouth County, N. J.
8a. Along west bank of Matawan Creek, north of town of Mata-
wan { Weller)
8b. Small ravine tributary to Cheesequake Creek, two miles
northwest of Matawan (Weller).

9. Lorillard, pits east of Keyport, Monmouth County, N. J. Lower
part of pit (Weller).

10. Jamesburg, Middlesex County, N. J.

10a. 3.5 miles a little north of east of Jamesburg on Matchaponix
Brook (Weller)

10b. 3 miles east of Jamesburg on side of road (Weller)

10e. First railroad eut 1 mile south of Lower Jamesburg sta-
tion (Weller)

11. Yardville, Mercer County, N.J. Exposures in bed of small trib-
butary of Doctors Creek.

12. Bordentown, Burlington County, N. J. (Exact locality not re-
corded).

12a. Chureh pit, two miles southwest of town. This pit is now
abandoned.

13. Burlington, Burlington County, N. J. (Exaect locality not
given).

14, “Burlington County’’

15. Lenola, Burlington County, N. J. Reeves clay pit on north bank
of Pensauken Creek. Weller reported a very extensive fauna from this
locality. It is very close to the present Graham brickyard at Maple
Shade (locality 16).

*16. Maple Shade, Burlington County, N. J. Graham brickyard,
near junction of Main Street and Route 73. During recent years an ex-
eellent Merchantville fauna has been obtained from this pit.

17. Merchantville, Camden County, N. J. Railroad cut just east of
Merchantville (Weller).

WOODBURY FORMATION

*18. Lorillard, cast of Keyport, Monmouth County, N. J. Many fos-
sils were obtained here by Weller and other early collectors. At the pre-
sent time only poorly preserved impressions can be found near the
south end of the pit.

19. Matawan, Monmouth County, N. J. Farry brickyard, east of
Matawan {Weller).
20. Crosswicks, Burlington County, N. J.

*20a. J. Braislin and Son’s clay pits on Crosswicks Creek half a
mile west of Crosswicks (Weller). Later operated by Franklin Brick
Company. (A few fossils found during recent years).

*2]. Bordentown, Burlington County, N, J. Church Brick Company
pits, ane mile south of town,

22. Mount Liaurel, Burlington County. A fauna of well preserved
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FOSSIL LOCALITIES 23

unaltered shells was obtained between the depths of 150’ and 160’ in an
artesian well near the town of Mount Laurel (Johnson, 1899).

23. Fellowship, Burlington County, N. J. Unaltered fossils, some-
what similar to those from the Mount Laurel well, were obtained from
a well on the Rhule property at the corner of Church Road and the
New Jersey Turnpike between the depths of 130’ and 175’ (Richards,
1954).

24. Haddonfield, Camden County, N. J.

*24a. Small stream tributary to Cooper Creek (near the corner
of Maple Avenue and Grove Street). It was near this locality that the
duck bill dinosaur Hadrosaurus foulkil was found in 1858, Many in-
vertebrate fossils were reported from this locality by Weller, and it is
still possible t0 obtain material from the clay in the stream bed.

24b. Dobbs clay pits, 1.5 miles northwest of Haddonfield and
about 1 mile southeast of Collingswood station. (Weller) ).

24¢, At crossroads 14 mile southwest of Dobbs clay pits (Wel-
ler).

25. Collingswood, Camden County, N. J. Sewer excavations at
Cooper Creck and Harvard Avenne. (Several specimens of Placenti-
ceras plecenta found in 1937).

ENGLISHTOWN FORMATION

The only recognizable macrofossils from the Englishtown formation
are some specimens of Turritella sp., Cardium tenuistriata and Lunatia
haili from a well at Lavalette. Unidentifiable fragments from wells at
Fort Dixz, Holmdel and Mantoloking and from test borings for the New
Jersey Turnpike between Runnemede and Woodbury Heights have been
recorded. (Johnson and Richards, 1952, pp. 2155-6).

26. Lavalette, borough well No, 2,

MARSHALLTOWN FORMATION

27. Marshalltown Salem County, N. J. Marl pits (Weller).
28. Swedeshoro, Gloucester County, N. J.

*28a. One mile a little south of west from Swedesboro. Aecord-
ing to Weller (p. 82) the clay is well exposed in the banks of the brook
in the woods at this locality and he reported an extensive fauna of well
preserved mollusks from it, However, eareful investigation during re-
cent years has failed to rediscover it and the only fossils found in that
locality were a few specimens of Ezogyra ponderosa and Gryphaea.

28b. 2.5 miles southwest of Swedesboro and 2.5 miles northwest
from Harrisonville. (Weller) .

29, Harrisenville, Gloucester County, N. J. Old mill pond 1.5 miles
northwest of Harrisonville station. {Weller).
30. Woodbury, Gloucester County, N. J. (Exaect locality not given).
*31. Penns Grove, Gloucester County, N. J. Abandoned marl pits
along Route U.S. 40 between Penns Grove and Woodstown.
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24 CRETACEOUS FOSSILS

*32, Fellowship, Burlington County, N. J. Excavations for the New
Jersey Turnpike at crossing of Pennsauken Creek.

WENONAH FORMATION

33. Matawan, Monmouth County, N. J.

*33a. Road cut 1.5 miles south of Matawan on east side of Route
34. Numerous tubes of Helyminites major and a few obsecure mol-
1usks.

*33b. Same locality, but new exposure in borrow pit 200 yards
east of highway.

34. Crawfords Corner, Monmouth County, N. J. Longstreet’s marl
pit, a little less than a mile southeast of Crawfords Corner. (Weller, p.
91). .

35. Marlboro, Monmounth County, N. J. A little over a mile east of
Marlboro, in the south bank of Hop Brook. Many fossils reported by
Weller. Not observed during recent field work.

*36. Runnemede, Camden County, N. J. Numerous tubes of Haly-
minttes major can be seen along the New Jersey Turnpike north of In-
terchange 3 and along the Kings Highway south of the Turnpike.

MOUNT LAUREL AND NAVESINK FORMATIONS

Weller (1907 p. 103) stated ‘‘the faunas of the Mount Liaurel and
the Navesink marl constitute a single unit, and in any discussion of
them they must be considered together.’” The accompanying list of lo-
calities, since it is partly based upon Weller’s text, will also group the
two formations, although when possible the different units will be indi-
cated, ..

*37. Atlantic Highlands, Monmouth County, N. . Bluff along Rari-
tan Bay east of the railroad station. (Mount Laurel and Navesink).

38. Red Bank, Monmouth County, N. J. Ravine on east side of rail-
road,, 134 miles northwest of Red Bank station. (Navesink) {Weller).

39. Middletown, Monmouth County, N. J,

#3%9a. Along Poricy Brook on both sides of bridge 2.5 miles south
of Middletown on road to Lincroft. (Navesink).

39b. Marl pit about 1% mile west of railroad station. (Mount
Laurel and Navesink) (Weller).

40, Crawfords Corner, Monmouth County, N. J. The Navesink was
formerly exposed in the Longstreet marl pit. (Weller).

41, Holmdel, Monmouth County, N. J.

41a. Holmes’ marl pit, 1 mile northwest of Holmdel. (Weller),

41b. Edgar Schenck’s marl pit, 1.5 miles northwest Holmdel.
{Weller).

41c. Henry Conover’s marl pit over 1.5 miles a little west of
north from 