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MIOCENE AND PLEISTOCENE FORAMINIFERA AND
OSTRACODA OF SOUTHEASTERN VIRGINIA

By

Jluns D. McLnlN, Jn.1

ABSTRACT

A review of the known stratigraphic ranges and ecologies of
Foraminifera and Ostracoda from the Virginia-Maryland Pleis-
tocene and Miocene sediments is incorporated into a study of well
sections and outcrop samples to determine the Pleistocene-Mio-
cene contacts in southeastern Virginia. Occurrences of micro-
fossils are plotted for all samples studied and lithologies are
given for well sections. Several species are reported from out-
crops of the Yorktown Formation that have not previously been
noted. In the Chesapeake Bay subsurface, the Yorktown is found
to have been planed off, leaving a contact between the Pleisto-
cene and the St. Marys (Miocene), with a remarkable uniformity
of thickness for the St. Marys Formation of about 50 feet. Re-
deposition of Miocene forms in the Pleistocene is discussed, and
the value of Elphil,i,um florenti,ttu,e as a local guide for the Pleis-
tocene is indicated.

INTRODUCTION

A number of persons working in the Virginia Coastal Plain
area have approached the writer at different times with the prob-
lem of differentiating Pleistocene sediments from older beds on

a microfaunal basis; this report is the culmination of work done

on the problem. As in any such work as this, the results must be

termed preliminary.

All material derived from this study has been placed in the
collections of the Paleontological Research Institution, including
the types and illustrated specimens. Quite aside from its suit-
ability as a depository in its own right, the Paleontological Re-

search Institution was selected in this instance because the ear-
lier collections of Miocene forms from the Yorktown Formation

lDirector, Mclean Paleontological Laboratory, Alexandria, Virginia.
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made by the author are absolutely essential to a full understand-
ing of the material developed here; it was decided that these two
sets of slides should be available together to supplement and
elucidate each other.

This study was well under way when it became evident that
the resulting report would be too large and would require too
many illustrations to allow the Mclean Laboratory to publish it.
The Virginia Division of Mineral Resources kindly agreed to
underwrite the costs of illustrations and manuscript preparation.
It is important to note, however, that the author is responsible
for whatever errors of any kind that may appear, and that the
conclusions arrived at are the author's own, and should not be
imputed to any other person or organization.

ACKNOWLEDGEMENTS

Dr. James L. Calver, State Geologist, kindly helped the au-
thor in this work. In addition, the author has had the usual very
kind and considerable assistance of the Paleontological Research
Institution and its Director, Dr. Katherine V. W. Palmer.

Samples were furnished by Mr. Nicholas K. Coch of Yale
University, Dr. Kenneth Bick of the College of William and Mary,
and Dr. Phillip Wyman Harrison, formerly of the Virginia Insti-
tute of Marine Science and now with the U. S. Coast and Geodetic
Survey, Oceanographic Data Analysis Branch. The major part
of the well samples used in this study was donated by Dr. Harri-
son, who has worked closely with the author on various aspects of
the study of the Chesapeake Bay subsurface problem as it par-
ticularly deals with the Pleistocene-Miocene contact and the Pleis-
tocene faunas. Dr. Horace G. Richards of the Academy of Natu-
ral Sciences of Philadelphia kindly allowed the use of his macro-
fossil data for the material supplied by Mr. Coch.

The drafting of the sections and maps was supervised by Mr.
Floyd K. Huston, who placed the various lines of correlation and
prepared the base diagrams of several of these figures. Last, but
certainly not least, the author acknowledges the patient and com-
petent work of his very efficient laboratory assistant, Mrs. Eliza-
beth C. Huston, who washed and picked samples, organized the
slides, and labelled them for final deposition. Mrs. Huston also
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participated in the research and organizational details that so
heavily weigh upon successful completion of this type of research.
Mrs. Elizabeth A. Aud patiently typed and revised the manu-
script time after time, and she and Mrs. Huston operated the
data-processing system that led to the production of the range
charts and the listing of species in the well sections. To all of
these kind people, the author extends his grateful appreciation
for making this report a possibility, and finally, a fact.

GEOLOGIC RANGES OF FORAMINIFERA AND OSTRACODA
IN VIRGINIA AND MARYLAND-

MIOCENE THROUGH RECENT

In Table 1 which shows the geologie ranges of species, all
range data available in the references cited have been included.
A number of species are listed that are not identified as to spec-
ies, but are given designations such as "sp. A," or simply "sp."
These are included because some of them appear on range charts
of the cited references and because they are found in the geologic
units assigned; in the Virginia-Maryland area these forms seem
to be restricted to certain stratal units.

There are some very definite ecological implications from
the distribution of species; most of the available published rec-
ord with regard to Miocene ecology is based upon the work of
Harbans S. Puri, and the results of his studies and those of
others indicate that many designations of stratigraphic units
are, in fact, ecologic rather than stratigraphic. Correlation of
stratal units must be done on the basis of discrimination between
purely ecologic and purely stratigraphic differences. When the
ecological factors are considered, it is found that some quite sig-
nificantlooking relationships between different beds are actually
of less stratigraphic importance than would otherwise be sus-
pected. Experience in Gulf Coast subsurface work, buttressed
by a large literature, shows that ecology is a much more con-
siderable factor than earlier workers ever suspected.

The range chart (Table 1) is constructed from a data-proc-
essing system utilizing the Friden flexowriter. Each species is
entered on a separate card along with the known range data. The
cards are stacked to demonstrate the stepped-down distribution
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Table l.-Geologic ranges of Foraminifera and Ostracoda from
Miocene and younger units, Virginia-Maryland and Florida. Vir-
ginia-Maryland units are shown in the column on the left; Florida
units are on the right. o d kI " t B"EEFb{+ lo dBett83$EB" Rb .1 a666doxaFoo!4904

Efligd833 SSEg;3t
CYTHERURA BAJACALA
HEM I CYTHERURA CLATHRATA
NONION GRATELOUPI D ONiICHV
BOLIVINA STRIATULA
VIRGULINA PUNCTATA
BUCCELLA OEPRESSA
BUCCELLA HANNAI
CYTHERURA ELONGATA
ELPHIDIUM AOVENA
LAGENA MELO
POLYMORPHINA NOVANGLIAE
QU I NqUELOCUL I NA WHEELDON I

SIGMOMORPHINA CONCAVA
S IGMOMORPH INA SEMI TECTA TERQUEMIANA
CYTHERURA WARDENSIS
AURILA CONRADI
NODOSARIA CATESBYI
POROEPONIOES LATERALIS
S IGMOMORPH I NA WI LL IAI{SON I
ANOMOCYTHER I DEA FLOR I OANA
PURIANA RUGIPUNCTATA
S IGMOMORPH I NA PEARCEY I

HULINGSINA ULRICHI
CYTHERURA FORULATA
ORIONINA BERMUDAE
PSEUOOPOLYMORPHINA CF. NOVANGLIAE
CASS I DUL INA LAEV IGATA CARINATA
PYRGO SUBSPHAERICA
ELPHIDIUH POEYANUM
ACUT ICYTHERE IS LAEV ISS II'tA
DYOCIBICIDES BISERIALIS
CANCRIS SAGRA
TEXTULARIA MAYORI
DISCORBIS CANDEIANA
S IGMOIDELLA KAGAENS IS
GUTTULINA PULCHELLA
ENTOSOLENIA QUADRATA
DISCORBIS VALVULATA
NONIONELLA AURIS
BOLIVINA PLICATELLA
GLOBULINA INAEQUALIS VAR. CARIBAEA
ENTOSOLENIA LUCIDA
ROTALIA BECCARII VAR. TEPIDA
ACTINOCYTHERE IS EXANTHEMATA MARYLANDICA
ROTALIA BASSLERI
TEXTULARIA CF. T. FOLIACEA
HANZAWAIA CONCENTRICA
LOXOCONCHA RET I CULARI S
HULINGSINA ASHERMANI
CYTHEROMORPHA CF. WARNERI
ACT I NOCYTHERE I S EXANTHEMATA
ELPHIOIUM INCERTUM
DISCORBIS FLORIDANA
LAGENA LAEVIS
QU INqUELOCUL INA SEMINULA
CASSIDULINA CRASSA
GUTTULINA AUSTRIACA
TEXTULARIA CANDE IANA
TEXTULARIA GRAMEI,I
BUL IMINELLA ELEGANT I SS II'IA
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Table 7.-Continued.

UVIGERINA AUBERIANA
CIBICIOES CF. LOBATULUS
GUTTULINA PROBLEMA
C I B ICIDELLA VARIABIL IS
DENTALINA CF. PYRULA
LAGENA HISPIDA
LAGENA TENUIS
ENTOSOLEN IA ORB IGNYANA
BULIMINA INFLATA
LAGENA ACUTICOSTA
LAGENA CLAVATA
ELPHIDIUM CLAVATUM
ELPHIDIUM FLORENTINAE
ANGULOGERINA OCC I DENTAL I S
TRILOCULINA CF. T. TRIGONULA
PSEUDOPOLYMORPH INA JONES I
BUCCELLA MANSFIELDI
ELLIPSOLAGENA BIDENS
NONION PIZARRENSIS
ORBULINA UNIVERSA
PSEUDOPOLYMORPH I NA DECORA
PSEUDOPOLYI'IORPH I NA RUT I LA
AMPHISTEGINA SP.
ANGULOGERINA SP.
ACT I NOCYTHERE IS GOI.iI LL IONENS I S
BA IRDOPP I LATA TRIANGULATA
BOLIVINA LAFAYETTE I
BUCCELLA ANDERSEN I
BUCCELLA PARKERAE
BULIMINA PREACANTHIA
CAI'IPYLOCYTHERE LAEVA
CIBICIDES SUBLOBUS
CL I THROCYTHER I DEA V IRG I N I ENS I S
CUSHMANIOEA ECHOLSAE
CYTHERETTA ULRICHI
CYTHERIOE IS AGRICOLA
CYTHERIDE IS RUGIPUSTULOSA
CYTHEROPTERON TALQU INENS IS
CYTHERURA RETICULATA
DENTALINA CF. INTERMEOIA
OENTALINA KAICHERAE
DENTALINA SP. A
DENTALINA SP. B
DENTALINA SP. C
DISCORBIS REHDERI
DISCOREIS TURRITA
DYOC I B IC IDES PERFORATUS
ELPH I D IUI'l JOHNSTONAE
ELPHIDIUM KAICHERAE
ENTOSOLENIA CARTERI
ENTOSOLENIA CARTERI ALPHA
EOCYTHEROPTERON YORKTOWNENS I S
GLOBIGERINA SP. A
GLOBIGERINA SP. B
GLOBIGERINA SP. C
GLOBIGERINA SP. D
GLOBIGERINA SP. E
GLOBIGERINOIOES SP. F
GLOBIGERINOIOES SP. G
GLOBOROTALIA MENARDI I
GUTTULINA PALMERAE
GUTTUL I NA PSEUDOCOSTATULA
GUTTULINA SP. A
GUTTULINA SP. B
HEMICYTHERE SCHMIDTAE
LAGENA GLOBULOH I SP I DA

.X.X.X...X.X.X.

.x.x.x.x.x.x.x.x..x.x.x....x.x..x...x..x,.x..x...x...x.x..x.....x.x.x.
..x.x.x....x.x..x.

.x.

.x.

.x. .X.X.

...x...x.

.x....x.x.

..x.. .x.. .x.. .x.. .x.. .x.. .x...x...x...x...x...x...x...x...x.. .x.. .x...x.
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Table L-Continued. o{!fi".-e" t .Ht.
rt$.E$EE" t8 i.atgd.:d.8t3 Ba$,93x.?eddsdSSd 3'3i9635

LAGENA HEXAGONA SCALARIFORMIS
LAGENA PALMERAE
LAGENA PSEUDOSULCATA
LAGENA SUBSTRIATA
LOXOCONCHA PUR I SUBRHOMBO I DEA
LOXOSTOMUM WILSON I

MASSILINA MARYLANDICA
r'tAss lL tNA qUADRANS CARTER I

MURRAYINA BARCLAYI
MURRAYINA HOWEI
NODOSAR IA SP.
NONION ? SP. A
NONION ? SP. B
PARACYPR IS CHOCTAWHATCHEENS IS
PARACYTHERIDEA MUCRA
PARACYTHERIDEA SHATTUCKI CURTA
PARACYTHER IDEA S IMIL IS
PARACYTHER I DEA VANDENBOLD I
PLAN I SP IR I LL I NA ORB ICULARIS
PLANUL I NA DEPRESSA
PSEUDOPOLYMORPHINA SP. A
PSEUDOPOLYMORPHINA SP. B

QU I NQUELOCUL INA SEMINULANGULATA

QU INQUELOCULINA TRILOCUL INIFORMA
RECTOC I B I CIDELLA ROBERTS I
ROBULUS PSEUDOIOTA
SIGMOILINA ? SP.
TEXTULARIA CF. BOCKI
TEXTULARIA EUSTISENS IS
TEXTULARIA PSEUDOBL IQUA
TEXTULARIA YORKTOWNENS I S
TEXTULARIOIOES ? CARTERI
UVIGERINA CF. TENUISTRIATA
VALVUL INERIA WASH INGTONI
ROTAL IA LIMBATOBECCARI I
I4ASSILINA MANSFIELDI
LEGUMINOCYTHERE IS ? WHITE I
S IGMOMORPHINA NEV IFERA
TEXTULARIA CF. T. BADENENSIS
UVIGERINA CF. CARMELOENS IS
LAGENA DORSEYAE
DISCORBIS CONSOBRINA
CYTHERETTA BURNS I
MURRAYINA HARTINI
SARACENARIA ? SP.
C I B IC IDES A''IERICANUS
ECH I NOCYTHERE I S CLARKANA
ROBULUS VAUGHAN I
S I PHOGENER I NA LAT,IELLATA
UV IGERINA CALVERTENS IS
PTERYGOCYTHERE IS AMERICANA
BULIMINA GRACILIS
TEXTULARIA ARTICULATA
DENTALINA BEVANI
BOLIVINA PAULA
TEXTULARIA OBLIQUA
MURRAYINA GUNTERI
CYTHERELLA CHIPOLENS IS
DISCORBIS WARRENI
NON I ON 

'VIARYLANO 
I CUH

SP IROPLECTAMMINA EX IL I S
UVIGERINA DIRECTA
GLOEIGERINOIOES SP. A
LAGENA SP. A
LAGENA SP. C

NONION HEDIOCOSTATUS

.x...x.

.x...x.

.X. ; . .X.

.x. .x.x. . .x.x.x. .x. .x..x.x.x.x. ..x"...x..x.x....x.x....x.
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Table l.-Conti,nued.
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V IRGULINELLA MIOCENICA
VALVULINERIA FLORIDANA
CYTHERURA CORYELLI
HEMICYTHERE PUNCT ISTRIATA
MASSILINA GLUTINOSA
MASS ILINA QUADRANS
PARACYTHERIOEA SHATTUCKI
qUINQUELOCULINA CONTORTA VAR. STRIATA
TEXTULARIA CONSECTA
TTXTULAR'A ULT IMA- INFLATA
BOLIVINA OBLIQUA
BULIMINELLA CURTA
CL I THROCYTHERIDEA D IAGONAL I S
CYTHERIDE IS SUBAEqUAL IS
DENTALINA CF. D. COMMUNIS
GTOBIGERINA ALTISPIRA
HAPLOCYTHER I OEA SUBOVATA
POLYMORPH I NA SCHLUMBERGER I
PSEUDOPOLYMORPH I NA STR IATA
UV I GER I NA SUBPEREGR I NA
VIRGULINA FUSIFORMIS
BOLIVINA FLORIDANA
GLOBULINA FIMBRIATA
GLOBULINA MINUTA
GLOBULINA INAEQUALIS
PSEUOOPOLYMORPH INA DUMBLE I

ROBULUS AMERICANUS
BOLIVINA CALVERTENSIS
BOLIVINA MARGINATA
CANCRIS SAGRA VAR. COMMUNIS
CYTHERETTA INAEQUIVALV IS
CYTHERETTA PLEB IA
DISCORBIS CAVERNATA
GLOBIGERINA SP. B., CLAPP
GLOBIGERINOIDES SP. B.
GUTTUL I NA ELEGANS
GUTTULINA RECTIORNATA
MARGINULINA SP. D CLAPP
MARGINULINA SP.
NODOGENgRINA ADVENA
NONION GRATELOUPI CLAPP
PLANULARIA SP.
PSEUDOPOLYMORPHINA ADVENA VAR. NUOA
ROBULUS AMER I CANUS VAR. SP I NOSUS
ROBULUS BRANNERI
SIGMOIDELLA SP.
S I PHOGENER I NA SP I NOSA
TEXTULARIA SPINOSA
TRACHYLEBERI S DORS ICORN I S
HENRYHOWELLA EVAX
TRACHYLEBERIS RADIATA
UVIGERINA KERNENSIS
VAGINULINA SP.
BIGENERINA FLORIDANA
GLOBULINA ROTUNDATA
NON ION ADVENUM
PYRULINA FUS IFORMIS
SP I ROPLECTAI4HI NA MI SS I SS I PP I ENS I S
POLYMORPHINA AOVENA NUOA
PARAF I SSUR INA MARG I NATA
BOL IV INA }4ARG INATA MULT ICOSTA
LAGENA SUI.CATA

.x,x.x.. .x.

.x. .x..x..x....x.
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to the oldest occurrence of the
shows the known present limits

of species from the most recent
form, and the resulting pattern
of each form.

Each sample is being listed by means of faunal content with
these same data cards; this means that the stratigraphic impli-
cations of each sample are being plotted against the data of the
master range chart. Designation of ages, wherever given, is
based on this comparison. The correlations given are thus me-
chanically derived from the chart. If age definitions are incom-
plete, it is because the faunal data are not complete enough to pro-
vide correlation.

Several important comparative points can be established
from mechanical comparison. Species limited to one stratal unit
are, of course, interesting as potential "marker" forms. The me-
chanical comparison also displays overlaps of species which may
limit an age. A number of samples, particularly the material
supplied by Coch in 1963, may consist of mixed faunas due to
redeposition. Guides from several age units thereby show a dis-
crepancy in faunal overlaps (if two given species do not appear
in the same range or age column, but do appear in a given sam-
ple, the sample may be mixed). The same principle, applied to
well samples, can either indicate contamination due to drilling
operations, or redepositional mixture. Either situation may be

the case; however, the worn condition of certain suspect species
may indicate redeposition, because drilling operations do not nor-
mally cause microfossil specimens to be damaged.

Gaps between age units (that is, a species is found in the
Yorktown Formation and in Recent assemblages with no record
for the Pliocene or Pleistocene) may be due to three causes:
1) the form involved did not encounter favorable ecological con-
ditions in the missing ages, 2) the sediments involved have been
eroded away prior to present times, or 3) samples from these
ages have simply not been found. Samples are far from com-
plete; the Pliocene in particular is too little studied or known to
give any real demonstration of its absence or presence. Pleisto-
cene sediments are found to have existed; part of the problem
here with regard to microfossils is that many of the Pleistocene
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sediments appear to have been formed under conditions inimical
to the presence or preservation of Foraminifera and Ostracoda.
An even more serious lack may lie in the relatively litile study
given these sediments in this and other areas.

With a data-processed file of range cards, it is easy to modi-
fy and reconstruct the range chart. Revision on a day-to-day
basis is both desirable and practical, if these files are kept up to
date. With this type of data assembly, accurate correlations can
be achieved, especially if detailed ecological data are incorporat-
ed as well. At present, these data are not available.

In the tables that follow (Tables Z-4), arc summaries of sta-
tistical data orr the interrelationships of the various faunas. It
would seem, from the mechanistic tabulation processes, that the
correlations between faunas in the virginia-Maryland Miocene
and that of Florida are largely on the basis of living forms; that
is, the correlation is of more ecological than stratigraphic signifi-
cance.

Stratigraphic correlation must be based upon the extinction
points of the faunas-microfaunas of the types being considered
here have a built-in survival factor in that their widespread geo-
graphic ranges allowed them to live on whereas the forms most
susceptible to ecological rigors died out. climatic and oceano-
graphic conditions may fluctuate widely in geologic times-but
oceanic faunas can simply migrate to better climes.

Certain conclusions can be drawn from the total number of
species per age group; these are both ecologic and stratigraphic.
rt is almost impossible to separate the two subjects, because they
regulate the faunal content of a stratum concurrenfly. Many ap_
parent stratigraphic breaks are now known to be ecological in
nsf,urs-gxtreme care is necessary to determine whether the "ex-
tinction" of a form is due to ecologic shift or to evorutionary ex-
tinction. The same is true of the first appearance of a species.
A glance at the range chart (Table 1) shows discontinuities that
are ecological in nature-the number of species in a given age
unit is due to favorable ecology even more than to extinction or
creation of a number of species. As shown in Table 2, for in-
stance, of the 68 species known to be still living, all had repre-
sentatives in older sediments. our knowredge of living ostracoda
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is especially meager, and these forms are known to have relative-
ly long existence in geologic time.

Stratigraphic correlation must depend more on species range
overlaps, and less on the few formationally limited "guides." The
principle of range overlap is going to be a valuable and statis-
tically valid method of determining the age of a formation.
Range overlap and ecological similarity together will effect the
correct correlation between formations. The Florida Miocene
record (Puri, 1953) has been used to test the interformational
relationships between the Virginia-Maryland Miocene and its
closest relative'equivalency (Table 3). It is to be noted that
Puri's units are translated by him as ecological or "facies" units,
and that the correlation thereby established is largely ecological.

Certain ecological inferences may be drawn from the micro-
fauna of a given sample, even though the record for Ostracoda
is very incomplete and that for Foraminifera leaves much to be
desired. Benda and Puri (1962) give a four-part ecological sepa-
ration in which a number of species are common to the Virginia-
Maryland record-these species are listed in Table 4. Mclean
(1956, p.305) tabulated the known ecologic ranges of Yorktown
forms that are still living. There is considerable diversity of
opinion as regards ecological limitations of depth, temperature,
and salinity.

In the balance of this report, ecological assignments are
made on the basis of data here tabulated. Where no evidence sup-
ports a given ecological assignment, no attempt is made to give
one unless it can be inferred from definite mineral-sediment data,
as in the case of the pyritized Calvertian fauna and the presence
of wood or plant debris in a sample.

SUBSURFACE DATA
Colruart BRIDcE Wnlls

Careful microscopic analyses of sediments from the Coleman
Bridge test borings were made by the writer, along with forami-
niferal and ostracodal studies. Well logs for the Coleman Bridge
section are irr Appendix I. A detailed discussion of these wells
and their relationship to other surface and subsurface records in
Virginia and Maryland has been presented by Mclean (1956, p.
280-288).

11
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Wnr,ls NsA,n Nnwponr NEws nNl Llrrrspnr: PorNr

These wells have been extensively discussed by the author
and by Harrison (1962). The well near Newport News is refer-
red to as "well A-11", and the Lambert Point well is called "well
A-5" (see index map of sample localities for locations). Well
A-11 has been studied and described by Mclean (Appendix I;
Figure 6) both as to lithology and fossil content. Well A-5, on
the other hand, is represented by a driller's log (Appendix I;
Figure 6) and a number of floated samples that the author has
picked and identified as to microfossil content. Insofar as the
data from well A-5 permit, correlation between these wells is
good. Figure 1 shows graphically the sediment content of wells
A-11 and A-5 and the correlations. The following summary is
based upon all available information, including a consideration
of the work of Harrison and his colleagues.

Pleistocene Interval

Four cycles of deposition for the Pleistocene were noted for
well A-11, and it was possible to determine the same cycles for
well A-5. These four cycles are discussed from the tops of the
wells downward. In well A-11, cycle number 1 consists of 17 feet
of clay with plant debris and coarse to fine sand. The sediment
is generally composed of fine material, and there are two micro-
fossil zones that contain typical Pleistocene species. This same
interval in well A-5 consists of silty clay grading upward into
sand, with one microfossil interval in the center of the basal
clay-silt.

Well A-11 has clay and silt with coarse to medium and fine
sand containing some glauconite, limonite, plant debris, and mica
in cycle number 2. This interval in well A-5 is generally silty sand
that is shelly at the base and very lignitic at the top. The fauna,
except for Noni,on gruteloupi Clapp, found at 65 feet in well A-11
is enti,rely Plei,sto,cene in character, and Noni,on grateloupi Clapp
is by no means diagnostic.

A basal gravel and clay, ranging upward into a clay-silt with
fine sand, plant debris, glauconite, and mica, characterizes the
sediments of cycle number 3 in well A-11. Its equivalent, from
the driller's log for well A-5, consists of shelly clayey sand which
has fine sand as opposed to the coarse and medium sand for well
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A-11. In both wells, this interval is marked by a fauna that con-
tains numerous Miocene species of Ostracoda and Foraminifera.
A mechanical correlation of this fauna favors a Yorktown age for
it, but the Miocene forms, although there are a large number of
species, are completely over,shadowed by a flooding of. Elphidium
florentinoe and of forms known to have lived in the Pleistocene.
Moreover, the Miocene species are generally eroded or broken
forms as opposed to the freshness of the Pleistocene elements.
The occurrence of these Miocene elements in well A-5 caused the
author to assign the interval originally to the Miocene (Harri-
son, 1962), but closer study resulted in its being placed in the
Pleistocene.

Not only is this fauna highly suggestive of a redepositional
phase from the physical and statistical evidence of the micro-
fossils themselves, but there are also a number of additional
facts to consider. First, although the range data of the fauna
suggest a Yorktown age if mechanically correlated, the aspect
of the fauna itself does not resemble a typical Yorktown sample
as collected from the York-James Peninsula. Furthermore, the
basal Yorktown as depicted by early authors (such as Mansfield)
is exposed along the James River upstream from well A-11 and
well A-5. Neither well contains either a basal or upper Yorktown
fauna in the entire section; nor is this present in a well at Fort
Eustis which is roughly between the Carters Grove basal outcrop
of the Yorktown and well A-11.

Structurally, this absence of the Ybrktown strata can be as-
cribed to post-Yorktown uplift and erosion which removed York-
town beds in this vicinity. Such erosion also seems to have oc-
curred in the Chesapeake Bay Bridge-Tunnel area and in the
Coleman Bridge section at Yorktown.

Cycle number 4, the basal Pleistocene unit in these wells. is
cltaracterized by clays with varying amounts of gravel, sand-
stone, and medium to fine sand with shell beds or shell frag-
ments. In well A-11 the unit has a uniform content of glauco-
nite and some limonite. The limonite could be from oxidation of
the samples, but a lower section containing glauconite has no ox-
idation to limonite; and the barren nature of the layers, plus the
decayed character of the shells, strongly suggest exposure to
weathering. This glauconitic type of sediment is also present in
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the Pleistocene in the Coleman Bridge section at Yorktown. Glau-
conite is not a characteristic mineral of Yorktown Formation
sediments in the York-James Peninsula. In well A-11, the Mio-
cene contact occurs directly beneath this glauconitic interval, at
135 feet. The author correlates this barren glauconitic interval
of well A-11 with a predominantly sand section in well A-5. Ac-
cording to Harrison (personal communication), this correlation
places the base of the Pleistocene at an excessive depth for well
A-5, and he would prefer the base at 110 feet, or even higher. If
the contact is set at 110 feet in well A-5, the Pleistocene-Miocene
mixed fauna rests directly on top of the Miocene. Such a correla-
tion does not consider the relation of the sand section of well A-5
to the graveliferous section in well A-11; it likewise ignores the
fact that a barren zone exists for both sets of beds involved, as

well as the fact that these heterogeneous clastic units are immed-
iately underlain by a clayey section which can be faunally equat-
ed with the St. Marys Formation.

Pleistocene-Miocene Contact

Bulimina gracili.s and, Noruion mediocostah,cs are the impor-
tan/c guides for establishing the Miocene top in wells A-11 and
A-5. The clay-silt bed of well A-5 which contains Bul;imi'na grac'
iZis is barren of fossils in most of the upper half. In well A-11,
the fauna is rnore complete, but it is very small as to number of
specimens per sample. Elphidi,um florenti,nae is not present in
the Miocene of wells A-5 and A-11; the barren zones are between
E. florentinae and. the Miocene faunal elements in both wells.

Miocene Intervals

Faunally, there is no way to separate the Miocene units in
well A-5 from each other; the separations must be made litho-
logically and by comparison with well A-11. However, it should
be noted that none of these subsurface Miocene units has the va-
riety or faunal distinctiveness of the Virginia-Maryland Miocene
outcrops. fn general, the Miocene strata of wells A-11 and A-5
seem to indicate either unfavorable nearshore environments or
actual swampland conditions that did not support microfaunal
life. This is in distinct contrast to the outcrop indications and
should prove important paleoecologically as more evidence is ac-
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cumulated. The Yorktown Formation is absent in both wells.
This absence is probably due to post-Yorktown uplift and erosion.

Absence, for the most part, of Yorktown guide as,semblages,
plus the dominance of Bulimtna gracil'is, the occurrence of Nom-
ion med;iocostatu,s, and 'the nature of the sediments in well A-11,
indicate the presence of the St. Marys Formation. This is also
confirmed by the occurrence ,of Tertulari,a obliqua within the in-
terval.

In well A-11, the Choptank is transitional with the St. Marys
so f'ar as sediments are concerned. The only sedirn-entological
criterion that show,s any promise for differentiation is that the
Choptank of well A-11 contains rtraces of glauconite. Robuhts
americanus, a Choptank guide, occurs at 180 feet in wel,l A-11 in
the middle'of an otherwise non-diagnostic stratum. The upper
portion of the Choptank and the base of 'the St. Marys contain
traces,of muscovite. There are no species in well A-5 that can be
used to separate the St. Mary,s, Choptank, or Calvert; the con-
tacts between these formations in well A-5 are arrived at on the
basis of lithology and by projecition from well A-11.

In well A-11 the C'alvert Formation consists of a sandy clay
that contains Robulus americanus sp,inosus, a guide fossil, at
245 feet. The entire interval. from 200 feet to the bottom of the
well at about 400 feet, contains much plant debris and gypsum
in the clay, which are suggestive of a swampy or landJocked en-
vironment of brackish or even anaerobic waters. For the most
part, this clay is barren of microfossils, and many occurrences of
microfossils that are listed may be from downwell drilling con-
tamination. Nevertheless, there are a number of forms which
first occur in this interval, and their poor state of preservation,
in addition to pyritic inclusions in the tests, indicates that these
particular forms are 'in situ in the sample,s. The occurrences of
Calvert species suggest that they came from sporadic incursions
of seawaters into a Miocene swamp, which was an environment
of death for these more oceanic forms. Neither well A-5 nor well
A-11 penetrates all of the Calvert Formation.

Cnpsapparn BAy Bnrncn-TUNNEL WELLS

The author described sedimentary samples from wells A-1
and A-2 in the Chesapeake Bay Bridge-Tunnel area (Appendix
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I; Figure 7) and extracted microfossils from them. Floated mi-
crofossils were provided by Wyman Harrison from wells M-85,
M-62, M-63, and M-65, but the lithologic descriptions of these
wells and of L-l and, M-27 are from driller's logs. A study of
these materials indicates that wells M-62, M-63, and M-65 did not
penetrate the Miocene; wells M-85, A-1, and A-2 did penetrate a
very distinctive Miocene boundary which was rich with micro-
fossils of pre-Yorktown age. No faunal information is available
for wells L-1 and M-27. and the Miocene-Pleistocene contact line
shown in these wells (Figures 2, 3) is after Harrison (1962, p.
46).

Pleistocene Interval

As in the case of wells A-11 and A-5 near Newport News
and Lambert Point, the sections penetrated by wells 1:0f-62, M-63,
and M-65 can be separated into four sedimentological cycles (Fig-
ure 4). It is important to note, however, that this does not im-
ply that these cycles are either correlative with each other, or
that the author conceives these cycles to be definable according
to the standard terminologies of the Pleistocene glacial-inter-
glacial periods. The brackish- and fresh-water microfaunas do
not contain species that can be used for paleontological separa-
tion; indeed, these faunal assemblages cannot be correlated with
each other from well to well. In this connection, it is interesting
to note that the interval assigned by Harrison (1962, p. 46) to
the Pleistocene in well L-l can also be split into four such "cy-
cles" of deposition. It must be stressed that the data available
from wells M-62, M-63, and M-65 permit several alternative in-
terpretations to the one presented here; this interpretation is
simply the one that best seems to fit the observed phenomena and
is a reflection of the abrupt ecological shifts in the Pleistocene
intervals of the Chesapeake Bay region.

Pleistocene-Miocene Contact

Wells M-85, A-1, and A-2 have a distinctive Pleistocene-
Miocene contact boundary that is characterized by the presence
of Buli,mi.na gracili,s ,and other Miocene forms; in a few places,
Noni,on med;iocostatus is also present. This particular section,
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HELI M.62

Figure 4. Occurrences of Foraminifera and Ostracoda and cor-
relation of Pleistocene sections in Chesapeake Bay Bridge-Tunnel
wells. Wavy lines represent boundaries between the four cycles
of Pleistocene sediments and an overlying Recent unit. Closed
lenticular symbols show an interpretation of faunal correlations
based on microfossil occurrences.
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however, also has an ,extensive admixture of. Elphiil;ium floren-
tinae in the Miocene zone; this is in sharp contrast to all other
records so far discussed. In the other areas, including the classic
Mioeene outcnops, Elphidium florentinae has not been reported,
nor has any form equivalent to it been found. As previ,ously
mentioned, a mixture of Mi,ocene form,s occurs in the Plei'stocene
in the well,s near Newport News and Lambert Point, and Coch
considers material f'r,om Surry and Isle of Wight counrties eon-
taining Elphid;ium florenti,nne to be of Miocene age. In both of
these instances, the evidence as shown by the mixing of zonal
species, the broken condition of the Miooene tests, and their
small numbers points rather decisively to redeposition.

In the,case of the ,section penetrated by wells M-85, A-1, and
A-2, the faunal mixing has a differenit aspect. Both the Miocrne
forms and Elpluid;ium florentinae are numerous and fresh and
un'broken, and in none of these wells was .8. florentimne found in
the Pleistocene where it oould have resulted in downward con-
tamination due to drilling. It could therefore be concluded tha,t
E Lphidinrnx f lor enti,nae ha,s a demonstrated . Miocene occurrence,
except f,or two important considerations. Fir'st, in other occur-
rences this species is found in a distinctly brackish- to fresh-
water environment; whereas in wells M-85, A-1, and A-2 this
form is in sediments that contain a di,stinctly oceanic fauna, and
this is corrob,orated by the nature of the,sediments. Second, the
Miocene oceanic faunal elements oontain no other species th'at
can be called exclusively Pleistocene in age. Elsewhere, except
for the Surry and l,sle of Wight county area, there is no indica-
tion that Elphidium florentinae occurs in the.Miocene-and num-
erous aollections have been made and studied.

Downward drilling contamination in well samples is the rule
rafher than the exception; it is also by no rneans uncommon to
encounter ,such contaminants in a well where the source bed con-
tributing the contaminating elements is not recognizable. It is
rather remarkable, nonetheles,s, to find three closely spaced wells
that have this identical condition. That downward contamina-
tion occurred in these wells is undeniable; it is so excessive as to
obscure some,otherwise clear-cut unit correlations. Additionally,
the occurrences of Elphid,ium florenti,nae in other undoubted
Pleistocene units indicate that this species is almost the only
form present in these small stringers-stringers that could eas-
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ily be bypassed in sample recoveries. And it is possible that the
Pleistocene-Miocene contact zone in these three wells consists of
contiguous faunal units that were mixed in the very sample
showing this contact. Thus these rather remarkable "coinci-
dences of contamination" can be explained as the net result of
several purely mechanical sampling-mixing effects.

Miocene Intervals

Because of the proximity of wells M-85, A-1, and A-2, it is
possible to establish numerous lines of correlation between them
(Figure 5). It should be stressed that these correlations are
based on paleontological and sedimentological-structural consid-
erations.

The age of the youngest Miocene unit in wells M-85, A-1,
and A-2 has been established as St. Marys Formation; even more
significant, perhaps, is the discovery that the St. Marys in the
Chesapeake Bay Bridge-Tunnel area has a remarkably uniform
thickness compared with the St. Marys of the Coleman Bridge
section and with the section penetrated by the wells near New-
port News and Lambert Point (wells A-11 and A-5). The sig-
nificance of this fact can be better appreciated if one bears in
mind that the Miocene units (from the Yorktown through the
Calvert) are apparently conformable to each other; indeed, the
separation between Calvert, Choptank, and St. Marys fgrmations
in this and other studies is based in large part on changes in
faunal assemblages, not on sedimentary changes. It is true there
are differences in sedimentation, but these are gradual and merge
into each other so that the faunas need to be used for accurate
separation of the various units. Faunal elements are indicative
of succeeding sedimentary fluctuations, and often are the only
criteria for determination of environmental changes which affect
rates of deposition. Because, at least in the area under study,
the Miocene appears to be a sequence of more or less continuous
deposition, the elevation of the upper contact in wells that pene-
trate the St. Marys Formation is interesting. The several sec-
tions studied have a minimum of 50 feet of displacement in these
beds, despite their uniform thickness. Well M-27 has a 50-foot
interval containing much plant material that correlates with the
St. Marys interval (also with plant material) in well M-85. The
Yorktown is present in an area that is centrally located with ref-
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erence to the mouth of the Chesapeake Bay, the Coleman Bridge
section, and wells A-11 and A-5; it is absent from the Chesa-
peake Bay Bridge-Tunnel section and the well at Franklin. There
is no recognition of sediments of Pliocene age in the area. The
hiatus between the Pleistocene and the St. Marys in the sections
discussed here is considerable and may be evidence of erosional
planation on a rather large scale. If so, the Yorktown has been
planed off and the erosional surface at the top of the St. Marys
is the result of regional planation. This event occurred in post-
Yorktown time, after which Pleistocene deposition and,/or struc-
tural displacements occurred.

The Choptank Formation in the Chesapeake Bay Bridge-
Tunnel wells is transitional between the Calvert and the St.
Marys. In the area of study, the Choptank is coarser than either
the St. Marys or the Calvert, and locally contains more macro-
fossils in the form of shell beds. These beds are composed main-
ly of fragmented shells.

Calvert Formation units in the Chesapeake Bay Bridge-
Tunnel wells are similar to equivalent units in wells A-11 and
A-5; the interval is largely unfossiliferous, largely composed of
clay, and contains units that have plant remains or lignitic parts.
The sparse microfossils appear to have been brought into the
Calvert sediments as incursions from open-sea faunas by way of
storm activity. The broken tests, the presence of pyrite inclu-
sions in these tests, their scattered nature and limited numbers,
and the presence of gypsum throughout the Calvert samples of
well A-11 all point to an anaerobic or marine swamp condition
which would be a thanatocoenosis for Foraminifera and Ostra-
coda brought in from open-sea waters.

Oceanic faunas are present in Calvert samples from the
York-James Peninsula beneath units that are analogous to the
previously described, largely unfossiliferous Calvert beds. Un-
fortunately, the base of the Calvert is not represented in samples
received for the present study, so the thickness and base rela-
tionships of this Calvert swamp unit could not be defined. Cal-
vert Foraminifera and Ostracoda reported from this swamp unit
are typical oceanic forms and include diagnostic species for the
Calvert; their presence in these beds cannot be due to drilling
contamination, and there is no indication in the sediments of
redepositional activity.
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In the York-James Peninsul'a, the oceanic phase of the Cal-
vert is character.ized by the occurrence of Si,phogeneri,na lamel-
lata in large numbers, along with other beau,tifully preserved,
large microfos,sils that perhaps form the most distinctive fauna
in this region. Thi,s str,atum oecurs at 670 feet in a well at Cris-
field, Maryland (Mclean, 1950). In the York-Jame,s Penin'sula,
the Siphogenerina lumelluta zone occurs at a minimum depth of
275 feei,, but the average depth is closer rto 300 feet. These depths
indicate that the sections here di,scussed would not reach the
Si,pho g enedna lamellata, zone.

WELL AT FRANKLIN, VrncrNrl

Samples from the Camp Manufacturing Company well 4 at
Franklin, Nansemond County, Virginia, were examined (Appen-
dix I). The section from 0 to 70 feet is barren of microfossils and
appears to be composed of typically Pleistocene-type sediments;
a single fish vertebra occurs at 50 to 60 feet.

The Miocene units begin at 70 feet and end at 1l-0 feet where
the Eocene or Paleocene interval is indicated by the presence of
typical glauconitic and pyritic material. At 170 feet a micaceous,
apparently continental, section begins which is devoid of fossils,
except for considerable plant debris. The report of a shell frag-
ment at 240 to 250 feet is considered to be due to downwell drill-
ing contamination. The interval from 170 feet to the bottom of
the well at 770 feet is assigned to undifferentiated sediments of
Cretaceous age.

A strictly mechanistic correlation indicates the following
Miocene units in the well: 70-80 feet, undifferentiated Miocene;
80-90 feet, St. Marys Formation; 90-110 feet, Choptank Forma-
tion with Eocene-Paleocene faunal elements in the basal portion.
From a practical point of view, the unit correlations are best con-
sidered as questionable, but the interval is of undoubted Mio-
cene age. There is no indication of a Yorktown unit in this well;
the record is distinctly pre-Yorktown in age and faunistic char-
acter. There is no indication of a Calvert interval either. Be-
cause the entire Miocene section was penetrated and samples were
taken at lO-foot intervals, it is felt that one, or both, of these
formations should have been found if they are present in this
area. Part of the non-fossiliferous .interval above the 7O-foot
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level may be equivalent to the Yorktown-if so, it is a continen-
tal Yorktown. Following is a list of fossils from the well at
Franklin:
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Depth (Feet)

70-80

80-90

90-100

100-110

120-130

Species

Bulimina graei.l;is
Nonion pizarrensis

Buli.mina graei,l;is
N oruion me dio co statu,s
Nonion pizarrensis
Nonionella au,ris
T ertulnria p s eudobliqua
Globigerina,sp.
Robulus sp.
Marginulina sp.

Globigerina sp. E
Globwotalia menard;ii
Robulus umericanus
Rota,Ii,a beccurii, var. tepida
T e *tularia eu,stis ens'is
Cancris sp.
Hi,spid sigmomorphinas

Bulimirut gracil;is
C i.bicide s americartus
T e ntularia p s eudobliqua,
Nonion pizarrens,is
Globigerina sp.
Sigmomorpltina sp.
Eocene or Palocene microfauna

Eocene or Palocene microfauna

SURFACE AND NEAR-SURFACE DATA

Locllrrrps NEAR WILr,IAMssunc

Dr. Kenneth F. Bick, Geology Department, College of Wil-
liam and Mary, supplied a number of outcrop and near-surface
samples from localities near Williamsburg for examination; the
result of this examination further clarifies the general relation,
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ship of the Yorktown Formation to underlying and overlying
strata. In addition, several forms not previously reported from
the Yorktown Formation occur in these samples. Despite a num-
ber of assertions to the contrary by other workers, the York-
town microfauna seems to be unique to the York-James Penin-
sula. Typical Yorktown Formation microfaunas do not occur in
the subsurface material of either the Coleman Bridge section or
in many of the other subsurface samples from the Chesapeake
Bay area. Neither is the Yorktown present in a well at Franklin,
Virginia. The material submitted by Coch, although it contains
Miocene elements mixed with Pleistocene, does not show much
affinity with the typical Yorktown faunas; instead, the Miocene
forms seem to be ecologically different if they are of Yorktown
age.

No significant amount of glauconite has been noted in the
Yorktown samples from the Williamsburg area. Also, the York-
town samples so far observed by Mclean, in this and previous
work, are significantly non-micaceous, whereas mica is an impor-
tant constituent of other local beds or strata. Fossil lists and
other data pertaining to samples from the Williamsburg area are
given in Appendix II.

IsLE oF Wrcnr AND SURRy CouNry Locar,rtms

Samples from Isle of 'Wight and Surry counties (see index
map of sample localities) were collected by Mr. Nicholas Coch,
Yale University, and made available to the author for study.
Descriptions of this material are presented in Appendix II, and
in Table 5 the species of microfossils which were identified are
listed. Determinations made on the material from Isle of Wight
and Surry counties permit the following correlations. On the
basis of the Foraminifera, samples from locality 14 (Appendix
II) could have been ascribed to the Yorktown alone, but Richards
identified the macrofossils as Pleistocene or Miocene. All other
samples from this area must be considered to be Pleistocene in
age if Elpluidium florentinae can be considered to be restricted
to a post-Miocene age. It appears that most of these samples con-
tain mixtures of Miocene and Pleistocene forms and must be con-
sidered Pleistocene in age with redepositional elements from the
Miocene.
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CORRELATIONS

The use of single species of microfossils as index forms to
delineate specific geologic age units is risky unless the ranges of
these species are well established. In the area of this study, a
number of forms appear to be good guides. The range chart
(Table 1) shows that 79 species of Foraminifera and Ostracoda
are apparently restricted to the Yorktown Formation; most of
these "restricted" forms are either newly described species, or
they are forms that could not be definitely given specific names.
Some of the species described by Mclean (1956, 1957) as new
are still included in the restricted column for the Yorktown For-
mation; these may now be looked upon with increasing favor as
acceptable guides for the formation until extensions of range are
found. But, it is felt that most of the 79 species currently listed
in this category of restricted species will prove to be extended in
range. For example, the range of Globigerina 'sp. E n-as been ex-
tended in this study.

There are other, more reliable indices of age and ecology.
The most elusive indicator, from a standpoint of descrip;tion, is
the aspect of the entire fauna in a given sample, especially when
the relationship to mineralogy of the sediment is included. The
abundance of ,species, numbers of individual,s per sample, general
size of specimens, absence of certain forms, condition of preser-
vation of the specimens, etc. all go into the stratigraphic and
ecologic assignments. Where the term "Notuion med;iocostatus
zorre" is used, it should be remembered that the name indicates a
specific assemblage of faunal-sedimentological factor.s, and that,
in some cases, Noruion mediocostatzs itself may not be present in
a given sample at all. The presence or absence of a single species
such as Nonion mediocostafzs within a given sample is governed
by a number of very complex ecologic and ,structural considera-
tions, to say nothing of the imperfection of sampling. The total
population of an assemblage, not a single guide, denotes the zone.

Pr,nrstocpNn SERTES

The most marked aspects of the Pleistocene beds in the area
are their heterogeneous character, often completely devoid of fos
sil remains, and the presence of wood or plant fragments. The
beds are not continuous over great distanees. Where fossils oc-
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cur in the Chesapeake Bay subsurface and in the Coleman Bridge
section (and other subsurface units), the macrofossil material is
generally badly broken, and microfossils are sparse. Where they
are at all numerous, one or two species dominate the assemblage;
and they are brackish- to fresh-water forms that are associated
with plant or wood fragments. Many of the shell walls are ex-
tensively damaged. Diatoms are present in many samples; in
some cases it appears that Miocene elements are redeposited in
the Pleistocene sediments. As might be expected, the fossilifer-
ous units are discontinuous, not even being correlatable between
wells that a,re closely spaced. The dominant species are Elplui,-
d;ium florent'inae, nondescript Nonions, and, in some places, EI-
phid,ium cluaatum. The contrast between Pleisto,cene and Mio-
cene beds is quite marked, both lithologically and faunaliy.

Elphid,i,um florentinae is totally absent from typical York-
town (Miocene) beds that crop out in the York-Jamos Peninsula,
but its value as a Pleistocene guide i,s seriou,sly in question else-
where in the area under study. The ,subsurface occurrences of
Elphid,i,um florentinae in Miocene beds may be easily explained
by downward contamination fr.om drilling oper,ati'ons. The pres-
ence of thi's species in sarnples from Surry and Isle of Wight
counties m'ay be due to contamination in one f'orm or another; the
difficulty with this hypothesis is that the form is present in con-
siderable numbers in certain well intervals with typical Miocene
faunas, and, in this material the Miocene elements may be in
situ. The possibi,lity exists that the range of Elpltidi,um florew
tinae aould, extend into the Mioecne.

The absence of Etphid.i,um florenti.nae in the Yorktown For-
mation outcrops is very easily explained. These Yorktown beds
are uniformly saline, open-ocean bed,s, and .&'. florentinae is
clearly not an oceanic species. The St. Marys and Choptank beds,
on the other hand, are markedly different in faunal eontent, and
they may contain brackish or nearshore units where E. floren-
thme eotild flourish.

Most of the samples exarnined from Surry and Isle of Wightt
counties contained no microfossils; those ,eontaining fossils were
studied extensively, and the results are shown in Table 5. Elphi-
ili,um florentittae occurred in all but one,of the fossilifer3ous sam-
ples. Coch has expressed the opinion that the fossiliferous sam-
ples fr'om this area are of Mi'ocene age; if he is correct, then
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Elphidi,um florentinae has a Miooene range. If, on the other
hand, this material is of Pleistocene age, with redeposits of Mio-
cene faunal el,ements, then ,8. florentinae can function ,as ,a valu-
able guide species f,or rthe Pleistocene.

Study of the Surry and Isle of Wight county faunas reveals
that, although Miocene microfossil elements ,are quite extensive,
,they oocur sporadically and are as,sociated with species not
hi,therto found in Miocene beds. This material has concentr,ations
of Elphid;ium florentinae, and in some cases eoncentrations of
Rotalia beccwii, var. tepida, a long-ranging brackish-water spe-
cies which is not present in the Yorld,own Formation, but does
occur in the m'ore brackish elements of the Mi,ocene and in Pleis-
tocene 'and Recent material. "Guide" species occur in the ma-
terial which are limited to the Miocene; these "guides" denote a
m,ixing ,of several Miocene strata in ,the area, because there is no
clear-cut definition of strata from a faunistic point of view. The
species which survived in;to the Pleistocene are in the ascendency.
Typica'l Miocene forms are numeri,cally insignifiqant in given
samples as compared to rthe Pleist,ocene species which are small
in number of species, but quite numerous as individuals. Much
evidence, such as the eroded oondition of microfossil forms, the
spotty geographic occurrence of fossil beds, their non-relation to
each ,other, and the variety and abundance ,of barren sediments
in the major part of the material, ,seems to indicate redeposition
of Miocene oceanic species in brackish or nearshore Plei,stocene
( ?) beds. Dr. Horace G. Richards, of the Academy of Natural
Sciences of Phi'ladelphia, has confirmed this thesis on the basis
of his review of macr,ofo'ssil forrns found in these same beds.

Because the outcrops of the four Miocene units have been
systematically collected and studied in the Maryland and Vir-
ginia ,areas by Mclean (1956, 1957), Sabol (1960), Clapp
(1948), and Malkin (1953) and because Elphi,il;ium florentfuuae
has not been found at any locality in these beds by any of these
collectors, it would seem that the presence of this species can be
taken to indicate a post-Miocene age for the containing sediment,
unless the possibility of downwell contamination exists as it does
in the Chesapeake Bay subsurface sections. For these reasons,
the present study indicates that the majority of the Surry Coun-
ty and Isle of Wight County fossil material is of Pleistocene, or
at least post-Miocene, age. There is no indication that Pliocene
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sediments are present in any of the material examined for this
study.

MrocoNp Spnrns

Yorktown Formation

The character of the Yorktown Formation faunas has been
well established by means of Foraminifera, Ostracoda, and Mol-
lusca. The range chart (Table 1) depicts the uniqueness of the
microfossil faunas of the Yorktown and their relation to other
faunas. New material in the Williamsburg area samples furnish-
ed by Bick (Appendix II) confirms the uniqueness of the York-
town faunas and shows the Yorktown to be easily distinguish-
able. Seventy-nine species are shown to be "restricted" to the
Yorktown; the majority of these must be discounted because
they are new species and unnamed forms, but a number of them
may well be restricted to the formation.

Faunistically, the Yorktown has some surprising affinities
to the Calvert Formation; this relationship is due to a close simi-
larity in the ecologies of the two formations. The Yorktown and
Calvert formations contain species which are mutually exclusive
of each other, and the character of these differing faunal ele-
ments points to a stratigraphic or time separation, with the Cal-
vert being significantly older. By judicious attention to the
presence of "guides" and by consideration of the local geographic
situation, the forms common to the Yorktown and Calvert can be
used locally as safe guides for the Yorktown. Indeed, it is the
faunal character that these forms give a sample that makes the
Yorktown Formation easily recognized in a well section. The ap-
pearance of older "guides" in the section, as in the case of a drill-
ing operation, serves to pick up the Calvert at some distance
below the Yorktown, and, the intervening faunas and sedimentary
units show a definite separation between the two formations.

Recognizing the top of the Yorktown poses no problem in
subsurface work; generally the first "flooding" of a variegated
fauna in a well sample in the Chesapeake Bay region denotes the
Yorktown. The faunas are quite different from those in the
Pleistocene. The base of the Yorktown is more difficult to recog-
nize, but there are a number of criteria to apply. First, the mark-
ed micaceous character of St. Marys beds can furnish a clue; the



FonAurNrroRA AND Ostmconl

Yorktown sediments of the York-James Peninsula generally lack
micaceous particles. Seoond, the appearance of St. Mary,s guides,
N on'ion me d:io co status and,/ or Cli.thr o ay ther,i.d, ea di,ag onali,s is'of
value. Third, although scattered occurrences of Bul;imirw grac-
iW and, Bul;imi,nella eleguntissimcu are found throughout the York-
town Formation, they make up a very small part of the fauna,
being represented by only one or two specimens per sample;
these forms are more abundant in ,the St. Mary,s. The material
from the Wil,liamsburg area reveals ,several localities that are
exceptions to this criterion; these beds are basal Yorktown,
where such cond,itions may be expected.

S,t. Marys Formation

Sparsity of mic,rofossils in a sample helps delineate the St.
Marys from the Yorktown Formation. The micaceou,s character
of many St. Marys beds also helps. Nonion mediocostatus and
Clithrocytheridea diagonal;is are guides for the S,t. Marys and
are absent from the Yorktown; BUl;iminu graci,Ii,s and, Buli,minel-
la eleganti,ssima are generally present in considerable numbers.
St. Marys faunas are markedly sparse in numbers,of species and
in numbers of individuals per sample, and they lack such species
as Nodosaria ca,tesbu'i,, Sigmomorphi,na neuif era, Pseudopolymor-
phina rut'ilia, Guttul;tna palnrcrae, Lagenidne, and other more
oceanic form,s. The St. Mary,s F,ormation in the Virginia Chesa.
peake Bay area appears to be transitional, indicating shaltrow to
almost bracki'sh waters. It may prove difficult to distinguish
the base of the Yorktown fr,orn the top of the St. Marys ,in some
places; in most cases the distinction seerns to be r:ather clear cut.
but it appears to be ecologic, rather than stratigraphic. Te*tu-
laria obliqua and. Murrayi,rut gunteri, seem to be restr'icted to the
St. Marys.

Choptank Formation
In the Coleman Bridge section, the Choptank is represented

by a non-fossilifer,ous bed t{at lacks mica. Shattuck (1904), and
later Clapp (1948), show the Choptank to be at,least partially
unfossiliferous in Maryland. The fossiliferous beds in the Chop-
tank are notably more prolific in numbers,of species than the St.
Mary,s; most of the fauna in the Choptank overlap's into younger
and o,lder beds. Sigmomorphi.rw neaif era is present in Choptank
beds and in the Yorktown, but not in the intervening St. Marys.
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The same holds true for Lagena dorseyue, Temtularia cf . bad,en-
ensis, and Uuigerfu,a cf. carmeloensis. Several shallow-water
forms (of oceanic-salinity environments) are apparently re-
stricted to the Choptank: Cgtheruru coryelli, Hemicgthere punc-
tistri,uta, Massilina glutinosa, M. quadrans, Paracytheridea shat-
twcki, Quinquelo culirta contorta v ar. striatu, T ertularia cons e cta,
and ?. ulti,ma-inf lata. Clithro cy theridea di,ug onali,s was original-
ly thought to be restricted to the Choptank and Calvert, but this
study reveals its presence in the St. Marys as well. The Chop-
tank g,rades into the Calvert; the principal difference appears to
be that the Choptank is a shallower phase than the Calvert, but
a deeper water phase than the St. Marys. Boliuina floridann is
present in the Choptank and should be an important guide spe-
cies. Robulus americaazs is present in Choptank and older,sedi-
ments.

Calvert Forma,tion

In Maryland, the Calvert is a well-developed oceanic forma-
tion with many distinctive species of Foraminifera and Mollusca
and a number of Ostraooda. Of the 26 specie,s restricted to the
formation, the rnore important guides are: Robulus americarnts
vat. spinosus, Si,phogenerina lamellata, and Siphogenerina spi-
nosa. A single occurrence of S. lamellatu in one Yorktown For-
mation sample is believed t'o be redepositional; the f,orm has not
otherwise been encountered in beds above the Calvert. In the
C'alvert, where it does'o'ccur, S. lamellato'is numerous.

According to Clapp (1948), the top of the Calvert Forma-
tion where it crops ,out in Maryland i,s barren of microfossils.
This formation has a pyritized zone in the Coleman Bridge sec-
tion and is characterized by a pyr,itized and broken fauna in the
Chesapeake Bay subsurface. In the York-James Peninsula, the
Calvert shows no faunal lapse, but i,s immediate'ly succeeded by
the Choptank Boliai,na floridanu zone. The Calver't microfossils
are,large, fresh, and well developed where the pyritic or swamp
environment i,s absent, and the fauna is varied and distinctive.
It can be readily separated from the underlying Eocene unit de-
scribed by Cederstrorn (1945) ;'this Eocene unit is characterized
by being very glauconitie and,sandy. Calvert microfauna typical
of an oceanic envi,ronment were transported into barren or toxic
swamp environments, as indicated by the presence of fragmented
and pyritized tests.
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APPENDIX I

WELL LOGS AND FAUNAL DISTRIBUTION LISTS

The following well logs and faunal distribution lists, along
with data for surface and near-surface samples shown in Appen-
dix II, form the basis for the correlations. A number of well rec-
ords are represented by driller's logs because only washed sam-
ples were available for these wells: it was not considered advis-
able to attempt to log these samples as to lithologic content be-
cause the clay and silt portions of the sediments were lost. Be-
cause Foraminifera and Ostracoda were recovered (as recorded
in the appropriate places), these driller's logs were used in con-
struction of the detailed cross sections; and the correlations be-
tween them were established on paleontological criteria. Loca-
tions of the wells and sample localities are shown on the index
map (in pocket).



42 VrncrNrl DrvrsroN or MrNnnaL Rnsouncus

Cor,nivrnrt Bmocn Wnr,r,s

Located on the York River between Gloucester Point and Yorktown.
Samples obtained from Mr. W. T. Parrott; Virginia Department of High-
ways.

Depth (Feet below
mean low water)

W'ell l-SlY

(Total depth: 160 feet)

Sample Description

101.0 Mainly coarse to medium sand with many granules and small
pebbles; some violet and blue-smoky quartz grains; \57o frne
sand; .a little glauconite and a few fragments of fine-grained
glauconite sandstone; some shell fragments.

Very fine sand and a little tan-brown clay; a little mica; some

decayed shell fragments.

Similar to 1L2.4' except much decayed shell material, many
Ostracoda, some Foraminifera, trace of miea; Dentalium?
fragment.

Similar to 112.4' except much..more clay, no fossil material.

Similar to 112.4' except slightly more clay; some shell material.

Sandy, silty, flaky, micaceous gray-tan clay with a very few
decayed shell fragments.

Light-brown clay and fine sand; a few medium-size grains;
decayed shell fragments; much mica; m,any echinoid spines;
a few pyrite-filled and pyritized Foraminifera, apparently
redepositional (Bobulus cf. calear); some badly preserved
Gastropoda.

LLz.4

123.0

132.0

141.0

151.0

160.0
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List of species in well 1-SW, Coleman
currences are indicated at appropriate
low water.

Bridge section. Fo,ssil oc-
depths in feet below mean
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ACTINOCYTHERE IS EXANTHEMATA GOMILLIONENS IS
ACTINOCYTHEREIS EXANTHEMATA MARYLANDICA
BOLIVINA PAULA
BOLIVINA STRIATULA
BUCCELLA ANOERSEN I

BUCCELLA DEPRESSA
BUCCELLA HANNAI
BUCCELLA PARKERAE
BULIMINA GRACILIS
CASS I DUL I NA LAEV IGATA CAR I NATA
CIBICIDES SUBLOBUS
CL I THROCYTHERI DEA D IAGONAL I S

CLITHROCYTHERIOEA V IRG IN IENS IS
CUSHMANIDEA ULRICHI
CYTHERETTA ULRICHI
CYTHEROPTERON TALQU I NENS I S

DISCORBIS CONSOBRINA
DISCORBIS FLORIDANA
DYOC I B ICIDES PERFORATUS
ECH INOCYTHERE IS CLARKANA
ELPHIDIUM FLORENTINAE
ELPHIDIUM INCERTUM
GLOBIGERINA SP. E
GUTTUL I NA PSEUDOCOSTATULA
HANZAWAIA CONCENTRICA
LOXOCONCHA PUR ISUBRHOMBO I DEA
MURRAY I NA BARCLAY I

MURRAY INA GUNTERI
MURRAY I NA HOWE I

MURRAYINA MARTINI
NONION GRATELOUPI D ORBIGNY
NONION MEDIOCOSTATUS
NONION PIZARRENSIS
INDETERMINATE NONION
NONIONELLA AURIS
PLANULINA DEPRESSA
QU I NQUELOCUL INA SEMINULA
ROBULUS AMERICANUS
HISPID SIGMOMORPHINAS
TEXTULARIA ART ICULATA
TEXTULAR IA EUST I SENS I S
TEXTULARIA GRAMEN
TEXTULARIA OBLIQUA
TEXTULARIA PSEUDOBLIQUA
TEXTULAR IA YORKTOWNENS I S

WOOD FRAGMENTS
ECHINOID SPINES
CI B IC IDELLA VARIABIIIS
NON I ON SP.
ROBULUS CALCAR

X.
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Well l-SE

(Total depth: 200 feet)

Depth (Feetbelow Sample Description
mean low water)

98.5 Mainly medium to fine sand with considerable coarse sand and
a few granules and small pebbles; a few green and black-green
glauconite nodules; a few violet quartz grains; decayed shell
fragments; a little gray clay; coal (?) fragment.

118.5 Fine sand with some gray-brown clay; eonsiderable mica; a

few coarse grains; decayed shell fragments; echinoid spine
fragments; four broken Foraminifera.

128.5 Similar to 118.5' exeept finer and no coarse grains; more
echinoid spines, more Foraminifera; many Ostracoda; a little
mica.

139.5 Similar Lo 128.5' except coarser texture and more clay; no

Foraminifera or Ostracoda; a bit more mica.

150.0 Indurated, flaky, sandy, clayey silt; no fossils; clay-silt gray'

160.0 Mainly fine sand and tan clay with mica; pyrite masses and
pyritized Foraminifera; decayed shell fragments; Ostracoda;
Forarninifera.

170.0 Silty, sandy, greasy, tan clay; Foraminifera; Ostracoda.

180.0 Silty, sandy, g:reasy, buff clay; some pyritized material; frag-
ment of a Tumitella (atticostata'!); Foraminifera; Ostracoda'

180.5 Mainly fine to medium sand and some clay; much decayed
shell material; two gastropod fragments and one dubious
foraminifer.

190.0 Micaceous, silty, sandy, tan clay and decayed shell fragments;
no Foraminifera.

200.0 Similar to 190.0' except less shell material.
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List of species in well 1-SE, Coleman Bridge section. Fossil oc-
currences are indicated at appropriate depths in feet below mean
low water.

ACTINOCYTHERE IS EXANTHEMATA GOMILLIONENS IS . .X. . - .
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ACTINOCYTHERE IS EXANTHEMATA MARYLANDICA
BOLIVINA PAULA
BOLIVINA STRIATULA
BUCCELLA ANDERSEN I

BUCCELLA DEPRESSA
BUCCTLLA HANNAI
BUCCELLA MANSF I ELD I

BUCCELLA PARKERAE
BULIMINA GRACILIS
CASS IDUL INA LAEV IGATA CARINATA
CIBICIDES LOBATULUS
CIBICIDES SUBLOBUS
CL I THROCYTHER I DEA D IAGONAL I S
CLITHROCYTHERIDEA V IRG IN IENS IS
CUSHMANIDEA ULRICHI
CYTHERETTA ULRICHI
CYTHEROPTERON TALQU INENS IS
DISCORBIS CONSOBRINA
DISCORBIS FLORIDANA
DYOC I B IC IDES PERFORATUS
ECH INOCYTHERE I S CLARKANA
ELPHIDIUM FLORENTINAE
ELPHIDIUM INCERTUM
GLOBIGERINA SP. E
GUTTUL I NA PSEUDOCOSTATULA
HANZAWAIA CONCENTRICA
LOXOCONCHA PURISUBRHOMBOIDEA
MURRAYINA BARCLAYI
MURRAYINA GUNTERI
MURRAY I NA HOWE I
MURRAYINA MARTINI
NONION GRATELOUPi D ORBIGNY
NONION MEDIOCOSTATUS
NONION PIZARRENS!S
INDETERMINATE NONION
NONIONELLA AURIS
PLANUL I NA DEPRESSA
QU INQUELOCUL I NA SEMI NULA
ROBULUS AMERICANUS
HISPID SIGMOMORPHINAS
TEXTULARIA ARTICULATA
TEXTULARIA EUSTISENS IS
TEXTULARIA GRAMEN
TEXTULARIA OBLIQUA
TEXTULAR IA PSEUDOBL IQUA
TEXTULAR IA YORKTOWNENS IS
WOOD FRAGMENTS
ECHINOID SPINES
BUCCELLA SP.
GAUDRYINA SP.
OSTRACOD SP.

. . x . x " . . x . x . x . . . .
" " .x. . .x.x.x. . . .
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Well 3-S

(Total depth: 160 feet)

Depth (Feetbelow Sample Description
mean low water)

85.0 Granules and small pebbles; mainly coarse to medium' sand
with some fine sand; trace of glauconite; shell fragments;
black coal-like grains.

95.0 Mainly fine sand with some brown-tan clay and mica; decayed
shell fragments; Foraminifera; Ostracoda.

105.0 Similar to 95.0'except much shell material; balanid fragments;
echinoid spines; many Ostracoda and a few Foraminifera.

115.0 Similar to 95.0'except more clay; little shell material; many
echinoid spines; Foraminifera; Ostracoda.

726.0 S milar to 95.0' except no Foraminifera or Ostracoda.

135.0 Similar to 125.0' except a few Foraminifera and some coarse
grains; no Ostracoda.

145.0 Flaky, silty, sandy, gray clay; sandstone fragments; a little
decayed shell material; some coarse material and a little fine
sand; no Foraminifera or Ostracoda.

155.0 Gray-brown clay and firre sand with some pebble-size to
medium-sand-size grains; pyritic fragments; venerid shell frag-
ments; pecten fragment; pyritic Foraminifera; no Ostracoda;
some mica.

160.0 Mainly plastic brown clay with much fine sand; some pyritic
fragments; mica; echinoid fragments; shell fragments; crab
claw tip; Ostracoda; pyritic Foraminifera,
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3-S, Coleman Bridge section. Fossil oc-
at appropriate depths in feet below mean
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List of species in well
currences are indicated
low water.
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ACTINOCYTHERE IS EXANTHEMATA GOMILLTONENS tS
ACTINOCYTHERE IS EXANTHEMATA MARYLANDICA
BOLIVINA PAULA
BOLIVINA STRIATULA
BUCCELLA ANDERSEN I
BUCCELLA DEPRESSA
BUCCELLA HANNAI
BUCCELLA PARKERAE
EULIMINA GRACILIS
CASS IDUL INA LAEV IGATA CARINATA
CIBICIDES SUBLOBUS
CL I THROCYTHERIOTA O IAGONAL IS
CL I THROCYTHERIDEA V IRG IN I ENS IS
CUSHMANIDEA ULRICHI
CYTHERETTA ULRICHI
CYTHEROPTERON TALQU INENS I S
DISCORBIS CONSOBRINA
OISCORBIS FLORIDANA
OYOC I B IC I OES PERFORATUS
ECH INOCYTHERE IS CTARKANA
ELPH II} IUM FLORENT INAE
ELPHIOIUM INCERTUM
GLOBIGERINA SP. E
GUTTUL I NA PSEUDOCOSTATULA
HANZAWAIA CONCENTRICA
LOXOCONCHA PUR ISUBRHOMBO IDEA
MURRAYINA BARCLAYI
MURRAYINA GUNTERI
MURRAYINA HOWEI
MURRAYINA MARTINI
NONION GRATELOUPI D ORBTGNY
NONION MEDIOCOSTATUS
NONION PIZARRENSIS
INDETERMINATE NONION
NONIONELLA AURIS
PLANULINA OEPRESSA
QU I NQUELOCUL I NA SEMINULA
ROBULUS AMERICANUS
HISPID SIGMOMORPHINAS
TEXTULARIA ARTTCULATA
TEXTULARIA EUST ISENS IS
TEXTULARIA GRAMEN
TEXTULARIA OBLIQUA
TEXTULAR IA PSEUDOBL I QUA
TEXTULAR IA YORKTOWNENS I S
WOOD FRAGMENTS
ECHINOIO SPINES
CYTHERETTA ? SP.
TEXTULARIA SP.
OSTRACOD SP.
CRAB CLAW

...x.x..x..x.x....x.x..x..x.x.

. .x.
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\trell l-NE

(Total depth: 200 feet)

Depth (Feetbelow Sample Description
mean low water)

89 Much coarse, clear, violet, milky sand and also same in
medium to fine sands; trace of organic (?) black grains.

99 Coarse,to fine clear sand with a few pale-purple and blue
grains; some brown clay.

108 Very fine sand and gray clay; Foraminifera; shell fragpents'

Ll4 Fine sand trace; a few coarse violet and blue grains; mainly
gray unctuous clay; shell fragments; Ostraccida; mica.

124 Mainly fine clear sand with much gray-brown clay and many
decayed shell fragments; Foraminifera.

134 Gray clay and fine clear sand with black grains (glauconite?);
plant fragments.

I44 Gray-brown clay with much fine clear sand; mica flakes; a
few fragments of shell.

L54 Gray-brown clay and very fine clear sand; shell fragments;
mica flakes.

L64 Fine sand and clay; Foraminifera; shell fragrnents; minute
mica flakes.

174 Gray-brown silty clay and very fine clear sand; mica flakes;
Foraminifera; shell and shell fragments.

184 Reddish-brown to gtay, silty, sandy clay-shale.

194 Sandy, plastic, gray-brown clay.

200 Similar to 794' except more shaly; shell fragments.
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List of species in well 1-NE, Coleman Bridge section. Fossil oc-
currences are indicated at appropriate depths in feet below mean
low water.
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ACT INOCYTHERE IS EXANTHEMATA GOMILLIONENS IS
ACT INOCYTHERE IS EXANTHEMATA MARYLAND ICA
BOLIV INA PAULA
BOLIVINA STRIATULA
BUCCELLA ANDERSEN I

BUCCELLA DEPRESSA
BUCCELLA HANNAI
BUCCELLA PARKERAE
BULIMINA GRACILIS
CASS I DULINA LAEV IGATA CARINATA
CIBICIDES SUBLOBUS
CLITHROCYTHER IOEA D IAGONAL IS
CL ITHROCYTHERI DEA V IRG IN IENS I S
CUSHMANIDEA ULRICHI
CYTHERETTA ULRICHI
CYTHEROPTERON TALQU I NENS I S
DISCORBIS CONSOBRINA
DISCORBIS FLORIDANA
DYOC I B IC IOES PERFORATUS
ECH INOCYTHERE IS CLARKANA
ELPHIOIUM FLORENTINAE
ELPHIDIUM INCERTUM
GLOBIGERINA SP. E

GUTTUL I NA PSEUDOCOSTATULA
HANZAWAIA CONCENTRICA
LOXOCONCHA PUR ISUBRHOMBO I DEA
MURRAYINA BARCLAYI
MURRAYINA GUNIERI
MURRAY I NA HOWE I
MURRAYINA MARTINI
NONION GRATELOUPI O ORBIGNY
NONION MEDIOCOSTATUS
NONION PIZARRENSIS
INDETERMINATE NONION
NONIONELLA AURIS
PLANULINA OEPRESSA
QU INQUELOCUL INA SEMINULA
ROBULUS AMERICANUS
HISPID SIGMOMORPHINAS
TEXTULARIA ART ICULATA
TEXTULARIA EUST ISENS IS
TEXTULARIA GRAMEN
TEXTULARIA OBLIQUA
TEXTULAR I A PSEUDOBL I QUA
TEXTULAR IA YORKTOWNENS I S
WOOD FRAGMENTS
TCHINOID SPINES
GASTROPOO SP.
ROBULUS SP.
PYRGO DENTICULATA

"x.x.x...4.

X.

. .x.. . .x.
.X.X.X.X.X.
.X"X.X.X.X.
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WelI l-NW

(Total depth: '158 feet)

Depth (Feetbelow Sample Description
mean low water)

88,5 Very coarse to fine sand; 10% pebble- to granule-size material;
a little gray clay; glauconite nodules; violet quartz grains.

98.5 Mainly pebbles to very coarse sand; a few glaueonite nodules.

118.5 Fine sand with l5% tan-gray clay, much decayed shell ma-
terial; balanid fragrnents; echinoid spines; Foraminifera;
numerous Ostracoda: mica.

128,5 Fine sand and some tan-gray clay; trace of decayed shell;
echinoid spines; Foraminifera; Ostracoda; mica.

138.5 Fine sand and, l57o brown-gray clay; a few medium-coarse
grains; mica; no fossils.

148.5 Plastic gray-brown clay and fine sand; a few decayed shell
fragments; no Foraminifera or Ostracoda.

158.5 Plastie gray-brown clay with mica and fine sand; shell frag-
ments; pyritized Foraminifera; one ostracod; tunitellid
fragment.
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List of species in well 1-NW, Coleman Bridge section. Fossil oc-
currences are indicated at appropriate depths in feet below mean
Iow water.
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ACTINOCYTHERE IS EXANTHEMATA GOMILLIONENS IS
ACTINOCYTHERE IS EXANTHEMATA MARYLANDTCA
BOLIVINA PAULA
BOLIVINA STRIATULA
BUCCELLA ANDERSEN I

BUCCELLA DEPRESSA
BUCCELLA HANNAI
BUCCELLA PARKERAE
BULIMII'.IA GRACILIS
CASS IDULINA LAEVIGATA CARINATA
CIBICIDES SUBLOBUS
CL I THROCYTHER I OEA D IAGONAL IS
CL ITHROCYTHER IDEA VIRG IN IENS IS
CUSHMANIOEA ULRICHI
CYTHERETTA ULR I CH I
CYTHEROPTERON TALQU I NENS I S
DISCORBIS CONSOBRINA
DISCORBIS FLORIDANA
DYOCI BICIDES PERFORATUS
ECHINOCYTHERE IS CLARKANA
ELPHIDIUM FLORENTINAE
ELPHIDIUM INCERTUM
GLOBIGERINA SP" E
GUTTUL I NA PSEUOOCOSTATULA
HANZAWAIA CONCENTRICA
LOXOCONCHA PUR I SUBRHOMBO I DEA
MURRAYINA BARCLAYI
MURRAY INA GUI.]TER I

MURRAY I NA HOWE I

MURRAYINA MARTINI
NON ION GRATELOUP I D ORB IGNY
NONION MEDIOCOSTATUS
NON I ON P I ZARRE NS I.S
INDETERMINATE NONION
NON IONELLA AUR IS
PLANUL I NA OEPRESSA
QU I NQUELOCUL I NA SEM I NULA
ROBULUS AMERICANUS
HISPID SIGMOMORPHINAS
TEXTUIARIA ARTICULATA
TEXTULARIA EUST ISENS IS
TEXTULARIA GRAMEN
TEXTULARIA OBLIQUA
TEXTULAR IA PSEUOOBL IQUA
TEXTULARIA YORKTOWNENS I S
WOOD FRAGMENTS
ECHINOID SPINES
GASTROPOD SP.
TEXTULARIA SP.

.X.X.

. . .x.x.

. . . .x.. . .x. .

.x.x. . . .

.x. .. .x..x. .

.X.X.. .x.
. .x.

. . .x.x.. .x. .
.x.
.x.
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IVell 3-N

(Total depth: 160 feet)

Depth (Feetbelow Sample Description
mean low water)

75 Mainly plastic gray elay and some coarse' mediurn, and fine
clear sand; a few dark glauconite (?) grains; a few light blue
and milky quafi,z grains; small Foraminifera.

85 Mainly clear fine sand and some gray-brown clay; trace of
carbonaceous material; trace of glauconite; Foraminifera; a
few medium-coarse, purple and blue quattz grarns.

95 Mainly brown silty clay with much fine clear sand; trace of
green glauconite; a bit of charred wood.

105 Much very coarse clear, milky, and violet sand with some small
granule-size grains; mainly medium, clear sand I a little
glauconite.

115 Mainly soft brown clay with much silt and very fine sandl
shell fragments and a shell; rnica flake.

125 Similar to 115' except grayer and with Miocene or younger
Foraminifera and shell fragments in better preservation'

135 Mainly very fine clear sand and brown clay; miea flakes;
echinoid spines; small Foraminifera.

745 Similar to 135' except more clay; much badly decayed shell
material; no eehinoid spines or Foraminifera.

155 Very sandy and silty brown-gray clay with a very few shell
fragments.

160 Similar to 155' except more decayed shell fragments.
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List of species in well 3-N, Coleman Bridge section. Fossil oc-
currences are indicated at the appropriate depths in feet below
mean low water.
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ACT I NOCYTHERE IS EXANTHEMATA GOM I LL I ONENS I S
ACTINOCYTHERE IS EXANTHEMATA MARYLANDICA
BOLIVINA PAULA
BOLIVINA STRIATULA
BUCCELLA ANDERSEN I
BUCCELLA DEPRESSA
BUCCELLA HANNAI
BUCCELLA PARKERAE
BULIMINA GRACILIS
CASS IDUL INA LAEV IGATA CARINATA
CIBICIDES SUBLOBUS
CL I THROCYTHER I DEA O IAGONAL IS
CL ITHROCYTHERIDEA V IRG IN IENS IS
CUSHMANIDEA ULRICHI
CYTHERETTA ULRICHI
CYTHEROPTERON TALQU INENS IS
DISCORBIS CONSOBRINA
DISCORBIS FLORIDANA
DYOC I B IC IDES PERFORATUS
ECH INOCYTHERE I S CLARKANA
ELPHIDIUM FLORENTINAE
ELPHIDIUM INCERTUM
GLOBIGERINA SP. E
GUTTUL INA PSEUDOCOSTATULA
HANZAWAIA CONCENTRTCA
LOXOCONCHA PURISUBRHOMBOIDEA
MURRAYINA BARCLAYI
MURR,AYINA GUNTERI
MURRAY I NA HOWE I

MURRAYINA MARTINI
NONION GRATELOUPI D ORBIGNY
NONION MEDIOCOSTATUS
NONION PIZARRENSIS
INDETERMINATE NONION
NONIONELLA AURIS
PLANUL INA DEPRESSA
QU I NQUELOCUT INA SEMI NULA
ROBULUS AMERICANUS
HISPID SIGMOMORPHINAS
TEXTULARIA ARTICULATA
TEXTULAR IA EUST I SENS I S
TEXTULAR IA GRAMEN
TEXTULARIA OBLIQUA
TEXTULAR IA PSEUDOBL IQUA
TEXTULAR IA YORKTOWNENS I S
WOOD FRAGMENTS
ECHINOID SPINES
ROBULUS ? SP.
TROCHAMMINA ? SP.
QUINQUELOCULINA SP.
BUCCELLA SP.

V .X.X.X.X"X..x. . . " .

"x. .X.X.X.

. .x..x. .

.x.

.X.X.
.x.x.x"x. . .
.x"x.x. .x.x.



54 VrncrNIA DIVISIoN or MrNnnnl Rrsouncns

Wnr,r, NEAR Nnwponr Nnws (Wpll, A-11-)

Located near Newport News, Virginia, 520 feet ofrshore from U. S. I
bulkhead line and 30 feet off Pier 3 of the Chesapeake and Ohio Railway; I
lons 76'26'08"W. and lat 36'58'18"N. Hammer-drive test samples. Total
depth: 400 feet. See Figure 6 for list of species'

Depth (Feetbelow Sample Description
mean low water)

45.0-46,5 85/o brown plastic clay; l5/o fine to medium, rounded sand;
coal ( ?) fragments.

50.0=51.5 957o brown plastic clav; 5/o rounded fine sand; barnaele
fragment.

52.0-53.5 85/o brown plastic elay; 15/o angular to rounded, medium to
fine sand; trace of glauconite; trace of coarse sand; shell frag-
ments; mica; black grains; plant debris.

58.0-60.0 867o brown plastic clay; 57o silt; 70% mainly medium to fine
sand; mica flakes; trace of shell fragments; trace of black
grains; plant debris,

65.0-66'5 95/o btowr., plastic; silty, micaeeous clay; 5/o fine to medium
sand; traees of rotten shell material, coarse sand, and iron
grains.

70.0-?1.5 9O/o elay as above; !\Vo fine sand and some black glaueonite;
trace of medium-coarse sand.

75'0-75.5 85/o brown, plastic, slightly silty clav; 15Vo meditm-fine sand

with some chert and eoarse grains.
80.0-81.5 95Vo gtay-tan plastic, silty, sandy, micaceous clay; 57o fine

sand; plant debris.
85.0-86.5 757o brown, flaky, clayey, micaceous.silt; 25% medium to fine

sand; traee of rotten shell; sorne coarse sand grains.
90.0-91.5 85/o brown silty clay; l57o fine to medium-coarse sand; mica;

trace of glauconite; plant debris.
95.0-96.5 Mainly small gravel and broken shell material; about 10/o

brown silty elay and 20/a fine to coarse sand; gastropod shell'

100.0-101.5 707a brown plastic clay; 30/o coarse to fine sand and small
gravel; shell fragments; black grains; plant debris.

105.0-106.5 95/o brown-tan plastic clay 5/o fine to medium sand with
glauconite and lirnonite grains; plant debris.

110,0-111.5 Sandy brown-tan plastic clay with traces of glauconite and
limonite; plant debris.

120.0-121.5 Mainly fine sand with lumps of fine sandstone and larger
gravel (quartz); shell fragments; glauconite grains; trace of
clay.

125.0 Subangular quartz gravel and shell fragments with flne sand

and glauconite; l5% clay; hematite granule.
130,0-131.5 Fine sand and yellow-tan clay; glauconite grains.
135.0-136.5 90/o plastie brown clay; l0/o fir'e to medium sand; black

grains; shell fragments.
140.0-141.5 80% plastic brown clay; 20/o fine to medium sand.
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145.0-146.5 40/o brown plastic clay; l0/o fine sand; 50Vo s}l.ell fragments.
150.0-151.5 50Vo brown plastic elay; I0/o fine sand; 40/o slrell fragments.
155.0-156.5 Calcareous fine sandstone and shell fragments; black grains.
157.0-158.0 Core. Similar to 155.0-156.5' except a little light-tan clay.
160.0-161.5 80% plastic brown clay; 20Vo fine sand, sandstone, and shell

fragments.
165.0-166.0 90% plastic brown clay; 10Vo fir,e sand and shell fragments;

Foraminifera.
170.0-171.5 4O/o plastie brown clay; 60Vo frne sand; a few shell frag-

ments; one echinoid spine fragment and a mica flake.
175,0-t76.5 6O7o plastic brown clay; 407o fine sand; m'ica flakes; very

few shell fragments; Foraminifera.
180.0-181.5 Similar to 175.0-176.5' but with a little glauconite.
185.0-186.5 5O/o plastic brown clay; 50/o fine sand; glauconite; mica

flakes; shell fragments; echinoid spine fragment.
190.0-191.5 707o plastic brown clay; 307o fine sand; little shell material,

mica, or glauconite.
195.0-196.5 30% plastic brown clay; 70ok fine sand; numerous echinoid

spine fragments.
200.0-200.1 80% brown clay;20/o fine sand; very few fragments of shell

material and glauconite.
205.0-206.5 40/o brown clay;607o fine sand; glauconite grains and a few

shell fragments; gypsum.
210.0-2L1.5 30/o brown clay; 70/o fine sand; glauconite; shell fragments;

an echinoid spine fragment; gypsum.
275.0-216.5 95/o mottled gray and brown plastic clay; 5/o vety fine sand;

gypsum.
220.0.227.5. Sim'ilar to 275.0-276.5' except contains more gypsum.
225.0-226.5 90/o mottled, gray and brown plastic clay; tllo very fine

sand; gypsum; plant debris.
230,0-231.5 Mottled tan and brown, plastic, sandy clay; gypsum.
235.0-236.5 Similar to 230.0-231.5' except 1.5/o sard; gypsum.
240.0-241.5 90% brown plastic clay; 70/a fine sand; gypsum.
245.0-246.5,
250.0-251.5 95Vo b.rown plastic clay; 57o fine sand; some mica.
255.0-256.5 Similar to 245.0-246.5' except clay is a darker brown.
260.0-261.5,
265.0-266.5 Similar to 245.0-246.5' except clay is yellow to brown and

mottled; gypsum crystals.
210.0-271.5 Similar to 260.0-261.5' except a few medium-coarse grains.
275.0-276.5 Similar to 270.0-271.5' except shell fragments and gastropods.
280.0-281.5 Slightly sandy, brown, plastic elay.
285.0-286.5.
290.0-291.5,
295.0-296.5,
300.0-301.5,
310.0-311.5,
315.0-316.5,
320,0-321.5 Sliehtly sandy, gray and brown, blocky, plastic clay with a

little mica.

DO
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325.0-326.5 Similar to 285.0-286.5' except clay is all gray.
330.0-331.5.
335.0-336.5,
340.0-341.5,
345.0-346.5,
350.0-351.5,
355.0-356.5,
360.0-361.5,
365.0-366.5 Similar to 285.0-286.5' except clay is brown and gray.
370.0-371.5 Similar to 330.0-331.5' except with white flakes and shell

fragment.
375.0-376.6 Similar to 370.0-371.5' except clay is al1 gray.
380.0-381.5 Similar to 375.0-376.5' except clay is brown and gray.
385.0-386.5 Similar to 380.0-381.5' except clay is darker brown.
390.0-391.5,
395.0-396.5.
398.5-400.0 Similar to 385.0-386.5' except clay is all dark brown.

Wnr.r, Ar LAMBERT Porut (Wrm A-5)

Located at general cargo pier at Lambert Point, near Norfolk, Vir-
ginia; long 76"18'54"W, and lat 36"51'48"N. Total depth: 400 feet. See

Figure 6 for list of species.

Depth (Feet) Sample Description

7 Dark-gray clayey fine sand.
10, 15, 18 Dark-gray silty clay; trace of fine sand.
20, 25, 80,
35, 40, 45,
50, 52, 55,
59 Dark-gray silty clay.
60, 61 Black organic matter; trace of fine sand.
64 Void (natural gas reported by driller).
65,70 Gray silty fine to medium sand; trace of organie matter.
75,79 Gray, clayey, fine to medium sand.
80, 82 Gray coarse sand and shell; trace of silt.
85 Gray silty fine sand; trace of shell.
95 Gray clayey fine sand; trace of shell.
110 Gray fine sandy clay; trace of shell.
115 Gray silty fine sand.
130 Gray clayey fine sand.
135 Gray silty plastic clay.
185 Gray fine sandy elay; trace of shell.
200 Gray fine sandy clay; no shell.
215 Gray clayey fine sand.
220 Gray fine sandy clay.
225 Gray elayey fine sand.
246 Gray fine sandy clay.
250 Gray silty clay; trace of shell.
255-400 Gray silty plastic clay.
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Cuuslpnq,rp Bly Bnroce-Tur.lNnr, Wnlr,s
The Chesapeake Bay Bridge-Tunnel connects Wise Point on the East-

ern Shore with Chesapeake Beach in the City of Virginia Beach.

Well A-1
(Total depth: 262 feet; see Figure ? for list of species)

Depth (Feetbelow Sample Description
mean low water)

55 30% brown clay; 70,qo fine sand with mica flakes and black
(glauconite?) grains.

68 Similar to 55'with broken shell material.
84 Shelby tube: fine clayey sand and sandstone lumps with fine

black grains.
93 5/o greenish-brown clay-silt; rest fine sand; a little shell ma-

terial; black grains; mica flakes.
103 Similar to 93' except 45/o clay-silt.
113 Similar to 93' except 60/o clay-silt.
723 Similar to 113' except no shell fragments.
132 Similar to 93'except 80% clay-silt.
142 Similar to 93' except 40/o clay-silt.
752 Similar to 93' except 607o clay-silt; few very coarse grains

or granules.
161 Fine sand and shell material; few calcareous sandstone lumps;

black (glauconite?) grains.
l7l Fine sand witl' 30% brown clay; shell fragments; mica; black

grains.
181 Similar to t7l' except 40/o clay-silt.
191 Similar to 181' except 50% ligbt gray-tan clay.
202 Shelby tube: similar to 191'except 60Eo clay.
210 Similar to 191' except 407o tan clay; shell fragments.
222 Similar to 210' except 607o tan-gray clay.
230 Similar to 210' except 707o tan elay; more black grains than

above.
239 White and tan clay; fine sand; medium to coarse grains.
262 Light-gray clay and fine sand; lumps of fine calcareous sand-

stone and shell fragments.

W'ell A-2
(Total depth: 295 feet; see Figure 7 for list of species)

Depth (Feetbelow Sample Description
mean low water)

48 l0/o gray-tan clay; 90/o frne sand; mica flakes; black grains,
59 30/o gray and yellow-tan clay, 70/o eoarse to fine sand.
60 20Vo gray and yellow-tan clay; 80% coarse to fine sand; a few

gravel/granule grains.

DI
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70 Similar to 60'except all sand is fine; mica flakes; shell frag-
ments.

81, 90 70/o hn-brown clay; 30/o very fine sand; mica flakes; shell
fragments.

101 Similar to 81' except more shell fragments.
113 Shell bed with sandy glauconitic elay.
L20 First samplei fine, calcareous, shelly sandstone with black

grains and some fine sand.
L20 Second sample: 85/o fine sand'; l57o brown clay; black grains.
130 Sandstone and fine sand.
146 Fine clayey sand and rotten shell; black grains.
158 40/o tan clay; 60/o very fine sand; mica flakes; shell frag-

ments.
161 Sandy, tan-gray, plastic clay.
168 Shelby tube: rotten shell material and fine clayey sand;

barnacle plates.
180 Fine sand with rotten shell material and a few granule/gravel

grains; black grains..
181 S,imilar to 180' except 10% brown clay and numerous black

glauconite grains.
t92 20/o brown elay;807o fine sand; miea flakes; shell fragments;

black grains.
20L 60% yellow-tan clay; 4O/o fine sand; mica; black grains.
216.5 Shelby trtbe: 50/o gray-tan clay; 5A/o fine sand; mica; black

grains.
224 Gray and brown sandy clay with black grains and mica flakes.

Note: Samples missing at 250,258, 265, 275, 285, and 295 feet.

Well M-62

Depth (Feetbelow Sample Description
mean low water)

33.5-36.0 Firm grayish-brown fine sand.
39.0-40.5.
44.045.5,
49.0-50.5 Firm gray fine sand; trace of shells.
54.0-55.5,
59.0-60.5 Firm gray fine sand with traces of silt and shells .

64.0-65.5 Loose gray fine sand; some silt; trace of shells.
69.0-70.5,
74.0-75.5 Firm gray fine sand; traces of silt and shells.
79.0-81.5 Firm gray fine sand; trace of shells.
85.5-87.0 Gray fine sand; traee of silt.
95.0-96.5 Gray fine sand; trace of silt and shells:
103.5-105.0 Gray silty clay; trace of fine sand; foul odor.
109.0-111.0 Soft gray clayey silt.
114.0-116.0 Soft gray clayey silt; trace of sand and shells.
122.0-124.0 Soft gray clayey silt; traces of sand and shells.
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129.0-130.5,
134.0-135;5 Soft gray clayey silt; some sand; trace of shells.
139.0-140.5 Soft gray clayey silt, with traees of sand and shells.
!44.0-145.5,
149.0-150.5,
154.0-155.5 Soft gray silty clay; trace of sand and shells.
161.0-162.5 Soft dark-gray clay; traces of silt and fine sand.
166.0-167.5 Similar to 161.0-162.5'except bottom 3 in. is gray silty clay;

some sand.
771-.0-172.5 Very compact greenish-gray fine sand; trace of silt.
174.5-I76.0.
1?9.5-181.0 Very compact fine to medium sand; some coarse.

List of species in well M-62, Chesapeake Bay Bridge-Tunnel. Fos-
sil occurrences are indicated at appropriate depths in feet below
mean low water.
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ETPHIDIUM FTORENTINAE

CYTHERETTA UTRICHI

QUINQUELOCUIINA SP,

DIATOMS

BUCCETTA DEPRESSA

GLOBUTINA SP. BROKEN

ELPH.DIUM CL.AVATUM

x.

Well M-63

Depth (Feetbelow Sample Description
mean low water)

50,0-51.5 Loose gray fine sand; traces of shells and silt.
54.5-56.0 Compact gray fine sand; traces of shells and silt.
59.5-61.0 Similar to 54.5-56.0' except sand is medium compaet.
64.0-65.5 Failure.
65.5-67.0 Top spoon: gray silty clay; traces of frne sand.

Bottom spoon: gray fine sand; traces of silt.
69.0-70.5 Gray fine sand; traces of silt and clay.
73.5-75,0 Gray fine sand; traces of clay and silt.
78.5-80.0 Gray fine sand; traces of clay, silt, and shells.
83.5-85.0 Gray fine sand; traces of clay, silt, and shells.
88.5-90.0 Greenish-gray fine sand; traces of silt, clay, and shells.
93.5-95.0 Greenish-gray fine sand; traces of silt, clay, and shells.
98.5-100.0 Greenish-gray clayey silt; some fine sand; odor.
103.5-105.0 Greenish-gray silty clay; traces of fine sand and shells; odor.
108.5-110.0 Greenish-gray clayey silt; some fine sand; traces of shells.
113.5-115.0 Greenish-gray silty fine sand; some clay; traces of shell.
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118.5-120.0
120.0-121.5
724.6-126.0
129.6-131.0
134.5-136.0
139.5-141.0,
t44.5-146.0
149.5-151.0

154.5-156.0
159.6-161.0

164.5-166.0

Vrncrrvre Drvrsrox or Mtr*oru;, Rrsouncns

No recovery.
Greenish-gray silty fine sand; some clay; trace of shells.
Greenish-gray sandy silt; some clay; traces of shells.
Greenish-gray silty sand; some clay; traces of shell.
Greenish-gray fine sandy silt; some clay; traces of shell.

Greenish-gray clayey silt; traces of fine sand and shells.
Medium-gray silty clay; some fine sand; thin seams of fine
sand.
Similar to 149.5-151.0'except traces of shells.
Top 6": greenish-gray fine sand; some clay; traces of shells.
Bottom 12": medium-compact, greenish-gray, fine sand; traces
of silt.
Very compact green fine sand; traces of silt and shells.

List of species in well M-63, Chesapeake Bay Bridge-Tunnel. Fos-
sil occurrences are indicated at appropriate depths in feet below
mean low water.

!6.rtoo@6@o@lolo€nNh@o66ttrtrttttl
ETPHIDIUM CTAVATUM

EIPHIDIUM FLORENTINAE

DIATOMS

NONION SP.

SIGMOMORPHINA SP.

ORBUTINA SP.

Depth (Feet below
mean low water)

Well M-65

Sample Description

66.5-68.0 Firm gray fine sand; trace of shells.
69.5-71.0 Gray fine sand.
76.0-77.5,
79.5-81.0 Gray fine sand; trace of silt and shells.
84.5-86.0,
89.5-91.0 Greenish-gray fine sand; some silt; trace of shells and medium

sand.
94.5-96.0,
100.5-102.0,
105.0-106.5 Greenish-gray fine sand; some silt; trace of shells and clay.
110.0-111.5,
114.5-116.0 Greenish-gray fine sand; trace of silt and shells.
119.5-121.0 Soft gray silty sand; trace of clay.
t24.6-126.0,
726.5-128.5 Soft gray silty clay; some sand.
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131.5-133.5.
135.5-137.0 Soft gray silty clay.
140.5-142.0 Soft gray silty sand; some shells.
145.5-147.0 Compact fine sand; trace of silt and shells.
150.5-152.0 Greenish-gray fine and medium sand; trace of silt and clay.
155.5-157.0 Greenish-gray fine sand; trace of silt and clay.
160.5-162.0 Greenish-gray fine and medium sand; trace of silt and clay.
165.5-16?.0,
170.0-171.9,
173.0-175.0.
178.5-180.0 Greenish-gray silty clay; some fine sand; trace of shells.
183.5-185.0 Very compact green medium sand.

List of species in well M-65, Chesapeake Bay Bridge-Tunnel. Fos-
sil occurrences are indicated at appropriate depths in feet below
mean low water.

BUCCEITA DEPRESSA . X. . X.
ETEPHIDIUM FIORENIINAE . X. , X. . X. . X. . X.
ANGUTOGERINA SP. . X.
NONION SP. . X. . X.
ctBtctDEs sP. . x.
DTATOMS .x. .x.
DtscoRBts sP. . x.
BROKEN NONIONS .X.

Well M-85
(See Figure 7 for list of species)

Depth (Feetbelow Sample Description
mean low water)

74.0-75.5 Loose greenish-gray fine to medium sand; traces of shells.
79.5-81.0 Soft yellow clay.
84.5-86.0 Soft greenish-gray clay and silt; traees of sand and shell.
88.5-90.0 Greenish-gray silty clay; traces of fine sand, shell, and plant

fibers.
93.5-95.0,
98.5-100.0,
103.5-105.0,
108.0-110.0.
113.5-115.0,
118.5-120.0 Greenish-gray silty clay; traces of fine sand and shells.
123.5-125,0 Greenish-gray silty clay; traces of fine sand, shells, and plant

fibers.
128.5-130.0 Greenish-gray clay; some fine sand and silt; traces of shells.
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133.5-135.0 Greenish-gray sandy clay; traces of silt; shells; traces of
plant fibers.

138.5-140.0 Top spoon: greenish-gray, sandy clay; traces of shell.
Bottom spoon: greenish-gray, sandy clay; some shells.

143.5-145.0,
148.5-150.0 Greenish-gray, fine sand; heavy layers of shells; trace of silt.
151.5-153.0 Very compact greenish-gray fine sand; some silt; trace of

shells; some narts cemented.
165.5-157.0,
160.6-162.0,
164.5-166.0 Greenish-gray clay; some silt: traces of fine sand and shells.
169.5-171.0,
179.5-181.0 Clay with some sand and silt.
184.0-185.0 Greenish-gray fine sand and shells.
189.5-191.0 Greenish-gray fine sand and trace of shells.
194.0-195.0 Compact greenish-gray fine sand and shells.

WTl,r, .AT FRANKLIN, VIRGINIA
'Well 4, on property of the Camp Manufacturing Company. Total

depth: 770 feet.

Depth (Feet) Sample Description

0-10 Mainly fine elear sand with some medium-size grains, sub-
rounded to angular; some red clay.

10-20 Similar to 0-10'but somewhat coarser and with less red clay;
some brown grainsl some red chert grains.

20-30 Similar to 10-20' but with much tan-pink clay and coarse sand;
some milky quartz; considerable plant debris.

30-40 Mainly clear coarse, medium, and fine sand with a trace of
light-green glauconite; gray chert.

40-50 Similar to 30-40'except fine sand.
50-60 Mainly gray plastic clay; coarse and fine to medium quartz

sand. some red and varicolored: a fish vertebra.
60-70,
70-80 Gray sandy silty clay with all sand fine grained.
80-90 Eroded shell fragments; gray clay; fine to medium sand;

black botryoidal grains of glauconite.
90-100 Clear, medium to fine sand and equal-sized black glauconite

grains each comprise about half of sample; much tan-gray
clay; some shell fragments; echinoid spines; Foraminifera.

100-110 Some green-gray pyritie clay; about 20Vo dull-gteen glaucon-
ite; about 20/o black-green glauconite; mueh fuee pwite; 45/o
clear, medium to fine sand; shell fragments; Foraminifera.

110-120 Some tan-gray clay; 65Vo black-ereen glauconite;2/o yellow
waxy botryoidal grains; 5/o light-gteen glauconite; remainder
of sample coarse to fine clear sand with some tinted grains;
a little free pyrite; shell fragments; Foraminifera.
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Tan clay; 757o black glauconite; remainder of sample medium
to fine clear sand; trace of light-green glauconite; shell frag-
ments; Foraminifera.
Some tan clay; mainly coarse to medium blue and clear sanC;
about 40/o black glauconite; trace of light-green glauconite;
shell fragments; Foraminifera.
Similar to 130-140' except much brown clay; notably finer
grains; 307o black glauconite; some lime or marl; shell frag-
ments; Ostracoda; numerous Foraminifera.
Similar to 140-150' except considerable brown clay; t5%
black glauconite; fewer fossils; shell fragments; Ostracoda;
Foraminifera.
.Ftbout 25/o green to tan clay, silty; about B5% light- to dark-
green glauconite; very coarse to medium-fine sand, clear: one
pink grain; pyrite; some lime or marl; one brown waxy
grain; shell fragments; Foraminifera.
Mainly light-tan, silty, plastic clay, somewhat sandy; 5/o
light- to dark-green glauconite; 57o coarse to fine sand, clear;
muscovite flakes.

Mainly light-tan, silty, plastic, slightly sandy clay; fine sand;
trace of glauconite; muscovite.

Mainly tan clay; accessory material same as 1g0-190,; one
grain of red shale.
Mainly coarse to medium clear sand with some yellow, pink,
and violet grains; trace of shell; some apparently chitinous
material; trace of glauconite.
Mainly fine sand and tan silt with muscovite flakes; some
medium grains; trace of red silt; trace of glauconite.
Similar to 230-240' but generally coarser and with more silt;
shell fragment.
Mainly coarse clear sand with large muscovite flakes; a rose
quartz fragment; a red shale fragment; trace of pyrite and
glauconite.
Similar to 250-260' but finer grained; no red shale or rose
qttattz.
Similar tn 260-270'but has a leaf fragment.
Yellow-tan silt; fine sand; muscovite flakes; wood fragment;
some coarse grains, one violet.
Coarse to medium and fine sand with violet quartz grains;
much tan silt; plant debris; pink silt fragment.
Similar to 290-300' but leaf fragment and plant debris; no silt.
Similar to 300-310' but more plant debris and some very coarse
grains.
Mainly medium to fine sand and tan silt; one large violet
grain; large muscovite flakes.
Mainly medium to fine clear sand with some cream silt; large
mica flakes and fragments of pyritic silt.
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120-130

130-140

140-150

150-160

160-170

170-180

180-190,
190-200

200-210,
210-220

220-230

230-240

240-250

250-260

260-270

270-280
280-290

290-300

300-310
310-320

320-330

330-340
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340-350 Similar to 330-340' but coarser and with less cream silt;
no pyritic silt.

350-360 Similar to 340-350' but with very little cream silt.
360-370,
370-380,
380-390 Similar to 340-350'but no silt and only a trace of rnica; violet

glains'
390-400 Similar to 360-370'but a little coarser.
400-410 Mainly clear, coarse to medium to fine sand; trace of glaucon-

ite; trace of dark-brown waxy grains; fragment of white clay.
410-420 Clear, medium to fine sand; white clay patches; violet grains;

leaf fragment.
420-430 Clear coarse to medium sand; white clay patches.
430-440 Clear medium to fine sand; muscovite flakes; plant fragments.
440-450 Similar to 430-440' but a bit coarser.
450-460 Similar to 440-450'but grains are predominantly medium size.
460-470 Similar to 450-460' but a bit finer grained I more white clay.
470-480 Similar tn 460-470' but grains are medium to fine size.

480-490 Mainly coarse to medium clear sand; a few white clay patches.
490-500 Mainly fine to medium clear sand; considerable brown clay;

. green to black glauconite.
500-510 Mainly fine to medium clear sand; much brown clay; iVo

light-green to dark glauconite; trace of pyrite; patches of
marl; shell fragments.

510-520 Similar to 500-510' but coarser and less uniform.
520-530 Similar to 510-520' but fine-grained sand; l07o g,laloconit'e;

one foraminifer.
530-540 20/o btown clay; considerable leaf and plant fragments; clear

fine-grained sand; much green, yellow, and red silt or shale;
very little glauconite.

540-550 Much tan clay; plant debris; green, yellow, and red silt or
shale, but shale is largely green and includes some gray
fragments; traces of glauconite; small gravel; clear fine-
grained sand.

550-560 75-20% brown clay; considerable plant debris, including seed
pod; mainly clear, coarse to fine sand.

560-570 Much brown clay; some plant debris; mainly clear, coarse to
fine sand.

570-580 Medium to fine, clear clean sand with some coarse grains.
580-590 Similar to 570-580' but with white clay patches.
590-600 Same as 570-580'.
600-610 Mainly medium to fine sand; two garnet fragments; a few

coarse grains.
610-620 Similar to 600-610' but a bit coarser; white clay patches.
620-630,
630-640 Same as 600-610'.
640-650 Similar to 600-610' but with considerable brown elay; trace

of glauconite; shell fragments.
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650-660 L|/o brown elay; sand similar to that at 600-610' but much
of it is coarser; varicolored silt fragmentsl a brown waxy
grain.

660-670 Medium clear sand with patches of gray, red, and yellow
shale; coarse and fine sand; much tan clay.

670-680 Similar to 660-670' except L\/o tan clay.
680-690 Similar to 670-680' but with leaf fragments and mica flakes;

5-8/o elay.
690-700 Similar to 680-690' but with rusty grains.
700-710 Mainly coarse to medium with some fine sand and patches of

white clay.
7L0-720,
720-730,
730-740,
740-750 Similar to 700-710' but with a plant fragment; about 5/o

brown clay.
750-760 Similar tn 710-720' but with trace of glauconite.
760-770 Maiuly clear and milky quartz grains of small gravel size,

with coarse to fine sand, cream-tan clay and a garnet grain.
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APPENDIX II

DATA FOR SURFACE AND NEAR-SURFACE SAMPLES

M.o,tnnlal rnou WIr,r,r,tn{seunc AnnA,

Outcrop and near-surface samples from the Williamsburg area were
supplied by Dr. Kenneth F. Bick, Geology Department, College of William
and Mary.

Locality A-1: Sewage disposal plant, Eastern State Hospital (Dunbar),
2 miles west of Williamsburg. Blue silty sand.

Bucaella 6nQ,sy s sni-sommon
B ulimina gracilis-rare
E lphi.d,ium sp.-common
E Lphidi.um,incer tum--common
P lanulina depr e s so,-tate
Hispid sigmomorphinas-rare

Specimens are poorly preserved, and there are no diagnostic forms
listed. The character of the sediments and the small listing of
Foraminifera indicate St. Marys age.

Locality A-2: Sewage disposal plant, Eastern State Hospital (Dunbar),
2 miles west of Williamsburg. Sand, some shell; b feet above A-1.

Angulo g er'ina ss6ffisnt a,l'is-aa'a s
Buccella d,eTtres sa-rare
Bulimina graci,Iis-rare
B ulint ina pr e acanthia-r ar e
Cancris sagra-rare
Cibieidella o ariabitis-common
Dis corbis f loriilana-rare
E lphid;ium j ohnstonae-ys,ys
Globigerina sp. A-rare
G uttulina q*s ly,ia,sq,-74as
Guttuli.na palmerae-rars
H anzaw aia concentrica-rare
Lag ena cf . clatsata-rare
L a g ena sub s triata- t ar e
N onion pizarrensis-<ommon
Planulina, d,epre s sa-7aas
S,i g momorph,ina netsif er a-t at e
Sigmont orphina semite cta ter quemiana-tar e
Hispid forms of Globulina-rate
Tentulnria sp.-broken specimens

This sample is transitional between the Yorktown Formation and
the St. Marys, It is closer to basal Yorktown Formation than to
typical St. Marys in faunal content. The scarcity of specimens and
the lack of definitive Yorktown forms indicate a rather unsuitable
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environment for the Yorktown fauna, but the increasing number
of oceanic forms indicates the beginning of Yorktown ecology.

Locality A-3: Sewage disposal plant, Eastern State Hospital (Dunbar),
2 miles west of Williamsburg. Shell bed, sand matrix; 5 feet above A-2.

Angulo g et'ina o ccidental:is-very common
B uc cella mans f ield;i---common
B ulimina gr acilis-vety common
Cancris sagrdr-tate
Cibicidella oar,inbilis-very common
Cushmanid,ea sp.-rare
Dis corbi,s f loridanw-common
Entosolenin carteri alpha-rare
Entosolervin sp.-rare
Globigerina sp. E-rare
G ut tulina p alm,er a e -t are
H anz aw ain c oncentr ica-common
H ulin g sina as h erman'i-rat e
Lagena cla,aata-tare
Lo,g ena d,or seg ae-rats
L a g ena g lobulo hispido,-t ar e

M u,rrag'ina cf , mar tini-tare
N odo sa,r'in catesbg'i-tat e

N od,o sar'i,a catesbEi, fu4sl6n6e-v4vs
Nodosar'in sp., broken pieces-rare
N onion pi,zarrensi,s-trery common
O r b uli,na u,n hl sv s o,-7 v7 s
P larrulina depr e s sa,-common
P s eudop olg mor ph,i.na va['ilo,-v a'vs

S ig momorphina ne a if er a-rare
Hispid forms of Globulina-rate
T e n tularia c and e,i,ana--<ommon
T e n tularia g or htow nensis-rare

This fauna is definitely shallow, open ocean, basal Yorktown in age.

Locality B-1: Larry's Marina, 3 miles southwest of Williamsburg. Sand
with some shell: 4 feet above sea level.

Buccella snfls'r ssn'i-ysys
Cibicidella o ariabilis----common
D is c or bis f lor'idana-rat e

H anzaw aia concentrica-rane
Murragina mdtfffi-aavs
T er tularia cand,eiana-tare
T entularia g orlctotnnensis-rare

From nature and sparsity of fauna this is probably St. Marys
Formation,
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Locality B-2: Larry's Marina, 3 miles southwest of Williamsburg. Sand;
1 foot above B-1.

Norui,on sp.-1 broken specimen

Probably St. Marys Formation.

Locality B-3: Larry's Marina, 3 miles southwest of Williamsburg. Shell
layer, sand matrix; 3 feet above B-2.

Buccella and,er s eni-rare
C i,bieidella a ariabilis-r ar e
Di,scorbi,s f lori.d,ana-rare
E lphidi;utn j ohnstonae-rats
Gu t tultina p almer a e 

-r ar e
H anz au; aia c oncentri,ca--t at e
M urr ag,ina hout e,i,-r at e
T e n tu,laria can(leinna-r at e
T en tularia g rq,rrlen-tare

Probably St. Marys Formation.

Locality B-4: Lany's Marina, 3 miles southwest of Williamsburg. Sand;
5 feet above B-3.

Angulo g er'ina 6 6s'i,fl,snta,lis-ya;as
B uacella s,nd,B'r s sni,-y ay s
Buccella sp.-rare
B uli,mi,na g r aeilis-r ar e
B wli,mi,n e lln e le g anti s s ima-aare
Cibi,ei.d,ella, a ar,i abilis-rate
C Lithr o cg ther,id,ea diag onalis-tare
Dis corbis f loriilana-rare
H anzaw aia p6n6snf,y i6q,-y4y s
Planulina d,epr e s s a-common
Sigmomorphina concal) a-tate
T e* tularia, p s eudobliqua-t at e

Probably St. Marys Formation from evidence of contained micro-
fossils; Clithrocgtheridea diagonalis has not previously been en-
eountered in the Yorktown.

Locality C: Campus, College of William and Mary; b0 feet (approxi-
mately) above sea level.

A atinocg thereis euanthemata-tate
Acuti,cg ther eis laeo is s'ima-rare
Anguloger'ina occidentalis-very common
Aurila conradi-very eommon
B aird,oppilata triangulata-rare
B oli,oina laf ag ettei-very common
B o lio ina mar g inata-r at e
B ol;itsina paula-very common
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Buceello, d,epressa-very common
Bulimina gracilis-tare
B ulimina pr eacanthia-r at e

. Buliminella elegant'issima-vety common
C ancr,is s& gra-\ter.y common
C ib i cid, e lla a ar iab ilis 

-common
C lithro cy ther,id,ea ui,r g iniensis---rare
Cushmani.d,ea ? sp.-rare
Cg ther opter on talquinens{s-1s1s

' CAtherura reticulata-rate
E ntosolewia 6qyf,p'7'i-asys
Entosolenia carter,i, alpha-tare
Entosolenia sp.-rare
Globigerina sp. E-common
Hanzawaia concentrics-very comrrron
H emicg ther e s chmid,tae-rare
Lagena melo-tare
Lagena palmerae-rars
L on oconcha prnisubrhornb oidea----common
Lono concha r etis11l6y'i3-ysy.
M um' ag ina. mar fini-common
N o d,o s ar,ia ca,te sbg i-r ar e
N onion pi,zarcens,is-eommon
Notuion sp'-rare
O r,i,onina g sy nn1f, q,s-y aa s
Paracgpr,i,s choctawhatchspns'is-asys
Planulina d,epressa-rare
P s eud,op olg m orphina rutila-r ar e

Qu'inquelo cu,lina s em,i,nula-colntnon
Sigmomorph,ins 6sns6,u 6-ysas
S ig momorph,ina neo i, f er a-rare
Sig momorphi.na p e ar c eE i-r ar e
Sigmomorphina semitecta, terquem,iana-rare
T estularia s,y ticulsf,s-axas
T en tularia candeiana-common
T e n tulario, g r arnen-r ar e
Triloculina sp.-rare
Uaiger'ina cf. tenu'istriota-rare
V ir guli,na punctata-rare

An undoubted Yorktown Formation fauna, fully equivalent to the
basal beds at Carters Grove.

Locality D: Lake Powell dam, 4 miles southwest of Williamsburg; 5 feet
below top of exposure, approximately 10 feet above sea level.

An g ulo g er'ina o c cidentalis-t at e
Aurila conradi-tare
B oltaina la f aE ettei-tare
Boliaina. paula-rare
B uc c e lla and.er s Bq'i-aat u
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Buliminella ele g antis sima-rare
Cancris sagrq,-rare
C ibicidella a ariabilis-r are
Dis corbis f loridana-r ar e
Globigerina sp. E-rare
Guttulina ytalmerae-r are
H anzaw aia concentrica-common
L a g ena p s eud,o sul cata-t ar e
M urr agina mar tini*rare
Noni,on cf, grateloupi-rare
P lanulina depr es sa-common
S'ig mom or p hina, neu i f er a--r ar e
T ertularia granxen-rare

This sample is St. Marys Formation (see Mclean, 1956).

Locality E-L: Along State Highway 132Y, 0.5 mile north of Williamsburg,
0.25 mile west of Information Center. Sandy shell layer; 45 feet above
sea level approximately.

Angulo g erina o ccid,entalis-common
Aur ila 6 6ny q,&i-sgrrLrnsrL
B oLfu ina la f ag e ttei-r ar e
Boliaina paula-rare
Buccella and,sy sslx'i-sommon
B ulimina g r a eilis-t ar e
B ulimina pr e a canthio-r ar e
Buliminella ele g antis sima-r are
Cibicid,ella u ari,abilis-cornmon
Cl:ithrocg therid,ea oir giniens'is-y6r.
C g therur a r eticulata-t at e
D entalina kaicher ae-r at e
Dental'ina cf. pyrula-rare
D is cor b is f loridana-r ar e
Entosolenia carteri alpha-rare
Entosolenia sp.-rale
Globigerina sp. E-common
Guttulina 6ug f,y,iasl,-y a'ys
Guttulina palrnerae-tare
Guttulina sp. A-rare
H anzaut aio, g gn s snf,y is (r-common
Lagena d,orseyae-tare
Lag ena herag ona s calar'if ormis-rare
Lagena palmerae-ysas
La g ena sub stri,a,ta-t are
M urr ag ina mar tini-r ar e
N odo saria catesbll i-common
Nodosaria sp.-rare
N odosaria sp., fragmentS-rare
Nonion cf . gro,teloupi-rare
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P aracg ther,id,ea o andenb old.i-t are
P lanulina d.epr e s s u/--corrrmora
P ur iana rug ipunc tata-rare
Hispid sigmomorphinas-rare
S ig momor phina nea i f er a-r ar e
Sig momorphina williamsozi, juvenile
T entulnria spp., broken---common
Triloculina sp.-rare

This fauna is Yorktown age, probably basal Yorktown, although
some distinctive forms are missing.

Locality D-2: Along State Highway 132Y, 0.5 mile north of Williamsburg,
0.25 mile west of Information Center; 65 feet above sea level approxi-
mately.

No microfossils

From a faunal viewpoint, this sample cannot be defined; it could
be either highly weathered Yorktown or later age.

Locality F-1: Williamsburg Inn, maintenance atea of golf course; 45-50

feet above sea level.

Acti,nocg thereis enanthematd-tate
A cu,t;icg ther eis laeois s'ima-rare
Angulo g erina o cc'identali,s-rare
Aurila conrad'i,-common
B olint ina la f ay e ttei,-common
Boli,aina poulo-rare
Buccella ander seni-common
B ulimina g raci,l'is-rar e
B ulim;inella ele g ant'issi,ma.---eommon
C ancris s& grd/---lorlrmorn
C ib icid e lla o ar iab ilis--<ommon
Cli.throcgtheridea tirg'iniens'fu-1419
Cg ther opter on talquinens'is-a a.vs

Cgtheru,ra ? sp.- rare
Dis corbis f lorid,ana-rare
D is corbis r ehder'i-r are
E lphidi;wn ad,u ena-rate
E ntosolen'io car teri---<ommon
Entosoleni,a carter'i alpha--tate
Entosolenin sp.-rare
Globigerina sp. E-comrnon
G ut tuli,n a sus f,v'is, 4 d,-v sa s
H anzaw ai,a concentrica"---common
H emicg ther e s chmidtae-rare
Lonoconcha prn''isubrhomboid,ea-rare
Murragi,na howei-rate
M urr ay,i,na mar tini-r ar e
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N otion piz arr ensis-common
Orionina ber,nxudae_rare
P ar a cg theride a o andenb o ldi_r ar e
P lanulina depr e s sa,_common
P s eudopolymorph,i,na rutila_rate
Sigmomorph'ins, osn66.0 a-lsyg
Si,gmornorph,ina neoif era__<ommon
Sigmomorphina semitecta terquemiana_rate
T e n tu,lar,i,a ar ticuln ta_common
T e u tularia c and, e iano_common
Tri,loculina sp.-rare

This sample is undoubtedly of basal yorktown age, equivalent to
the basal beds at Carters Grove.

Locality F-2: Williamsburg Inn, maintenance area of golf coutse; ?0 feet
above sea level approximately.

No microfossils

Either weathered Yorktown or later beds; the mineral content of
the several barren beds in this material might serve to separate
the units.

Locality G-1: Along Quarterpath Road, eastern williamsburg. shell bed;
25 leet above sea level approximately.

Angulo g er,ina o cci.d,ental,is--+ommon
Atnila con r adi.-common
Boliaina ef. floridana-rare
B uc cella degtr e s sa-t at e
Buccella hanna'i ?-rare
B ulimin a g r a cili s 

-c ommon
Cancris sagrt-tare
C ibicidella, o ariabilis-common
C us hmanid e a ulr,ic hd-r ar e
D entalina ftq,,ipfu syo,s-y zys
D is c or b i s f lor,id ano-c ornmon
Ento solen'ia car teri-t ate
Globigeri,na sp. E-comrnon
G uttu,lina aus tr'in ca-common
Guttulin.a palmerae-eommon
H anza,w aia aoncentrica-common
H emicg ther e s chmidtae-r are
Lagena, claoata-tare
Lagena d,wseyae-rare
Lagena palmerae ?-rare
Lagena sp.-rare
Lagena substt iatd-rare
Leguminocythereis ? whitei-tare
M ur r ag,i,na m ar t'irui-r ar e
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N od,o sa r ia ca, te sby'i--common
' Nodosarin sp.-Tare

N onion cf . grateloup'i-ps1s
Noni,on sp.-rare
P latruli,na de pr e s sa--common
Ptn'iana rugipunctata-rar€

' Robulus pseudoiota-rare
Bobulus tt aug han'i-rate
Sig,momorph'ina conean a-tat e

Hispid sigmomorphinas-rate
Sigmomorph'ina s emi,tecta ter quemiana-rar e

T entularin cande'ia,na-tar e

T eutulnrin gr anLen-tate
T en tularia mag ori-r ate
T e n tular iu g ork tow nensia-rare
V i,r g urina punc ta td-t at e

This fauna is of undoubted basal Yorktown age, equivalent to beds

at Carters Grove,

Locality G-2: Along Quarterpath Road, eastern Williamsburg, 0.5 mile
north of dam.

B uc c e lla and,er s eni-r at e
H anzaw aia concentriaa-rare .

P lanulina d.e pr e s s a-r ar e

This sparse sample cannot be definitely assigned; all species are
still living and were present in Yorktown. times. They could have
been redeposited or could be contaminants from other layers.

Locality G-3: Along Quarterpath Road, eastern Williamsburg, 0.1 mile
south of dam.

No mierofossils

Age indeterminate.

Locality H: Colonial Parkway, 0.5 mile north of Halfway Creek, 2 miles
south of Williamsburg; approximately 15 feet above sea level'

Buccella tnflBv ss'rui-vavs
C i,bicid,ella o ar'iabilis---common
Clithro cg therid,ea d,iag onalis-tar e

D iscorbis f lor'id,ana-t ar e

E lphi,&ium j ohnstonae-rare
Si g momorph'ina neo if er a-rare
T er tularia cand,e'iama-rate

Clithrocrytheridea d,iagonalis has not previously been reported
from Yorktown material: the nature of the fauna is indicative of
St. Marys age.
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Locality J-1: Kings Mill Wharf, James River. Shell bed; 25 feet above
sea level approximately.

Angulo g er'ina o ccid.enta,l:is-common
Aurila conr adi,--common
B o li,a ina Ia f ag e ttei-common
B uc cella mans f i,elili-common
Buli,mi,na gracilis-cornmon
B ul;i,mi.nella ele g antis s'ima-rare
Cancris sagro,-Tare
C ib ieiile lla a ariabil:is 

-common
C li,thr ocg theridea air g inieasis-rare
Cushmanid,ea safuslsa,B-avas
C us hmaruid, e a ulr,i, ch,i'-r at e
Cg ther opter on talqui,nens{s-1a1g
C y therura r eticulata,-rare
D entalina ka'icherae-rare
D bcorbis f lor,id,ana-tate
E nto solenia ca,rter,i-tare
Entosoleni,a sp.-rare
Globigerina sp. E-common
Guttulina austria ea--t ar e
Gut tuli.na palmer ae----common
Guttulina pseudocostatula-rare
H anzau; a'in concentr,i,ca.---common
H emicg ther e ssfunuidlqp-asys
Lagena, clnaata-rare
Lagena d,orseEae-rare
Lagena palmerae-tate
Le gum'inocg thereis sp. ?-rare
Mil:iamnuina sp.-rare
Murrag,ina houei-Tate
M urr ag'i,na mar tini-tate
N odosaria cate sbgi--common
Nodosar,ia catesbgi subsp. b?istonae-rare
Nodosar'in sp.-rare
N odosar'in sp., fragmenf,s-1a1s
N onion p,iz ar r ensis-common
O r b ulina unia er s a-t ar e
O r i,onina $ sy mqfl q,s-y sy s
P lanuli,na depr e s s a--common
P or o e p oraid,e s later alis-r ar e
P s eud o p o Ig mor p hina rutila,-r at e
P ter y g o cE th er eis o,mer'i,cano, j uvenile-rare
P ur'inna rug,i,punctata-rare
Robulus o aug hani,-rare
Hispid sigmomorphinas-rare
Si,gmomorphinu s emite cta ter quemiana-r ate
T en ktlarin ar ticulata-t ate
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T er tulari.o cand,eiana--t at e
T e a ht lar,i,a eus ti,s ens,is-r ar e
T er tularia gra,rnen-rate
T eutular'ia pseud,obliqua-rare
Triloculina sp.-rare

This sample is of undoubted basal Yorktown age, equivalent to
beds at Carters Grove.

Locality J-2: Kings Mill Wharf, James River. Sand; 5 feet above uncon-
formity between Miocene (undoubted) and younger rocks.

No microfossils

Age indeterminate.

Mlrnmlt, FRoM IsLn oF WrcHT AND SURRy CouNnns
Samples from Isle of Wight and Surry counties were collected and made

available for study by Mr. Nicholas Coch, Yale University. See Table 5
for a list of the microfossil species found in this material.

Locality 5: Isle of Wight County, intersection of State Highway 10 and
Battery Park road, northeast corner, Pagan Pines (Smithfield).
Altitude, 11 feet.

707o fine sand,,25/o silt and clay, 5/o shell; very fine shell frag-
ments.

Based on the microfauna, the ag:e is as follows: mixture of York-
town (Miocene) and Pleistocene. Age: Pleistocene.

Locality 7: Isle of Wight County, 0.63 mile north of Benns Church, 0.07
mile east on farm road. Altitude, 27 feet.

L0/o fine sand, 80/o silt and c1ay,70/o shell; abundant shells and
shell fragments, all small (less than 0.5 in.).

Riehards identifies the following fauna from this sample and
assigns it to the Pleistocene:

Nuculana aatta, Conrad,
Muli,nia lnteralis Say
Anad,ara sp.
Nassar'ius trioittatus Say
Betu,sa canaliculata Say

Based on the microfauna, the age is as follows: Pleistocene.

Locality 8: Isle of Wight County, 0.63 mile north of Benns Church, 0.07
mile east on farm road. Altitude, 18 feet.

30Vo fine sand., 60/o silt and clay. 107o shell; quite shelly; decom-
posed shells at base of interval.
Based on the microfauna, the age is as follows: Pleistocene-
Yorktown mixture.
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Locality 10: Isle of Wight County, 0.63 mile north of Benns Church, 0.0?
mile east on farm road. Altitude, 15 feet.

4O/o frne sand,, t0/o medium sand,, 50/o shell; shell fragments and
whole small shells abundant; fragments of clams and oysters noted.

Richards lists the following species from this loeality:

Vener,i,cardlia sp.
Glgcgmerin sp.

Based on the mierofauna, the age is as follows: Pleistocene.

Locality 11: Isle of Wight County, 0.63 mile north of Benns Church, 0.0?
mile east on farm road. Altitude, 12 feet.

30/o fine sand,, t0/o medium sand., 40/o silt and clay, 20/o shell)
shells (small) and shell fragments (mostly clams and oysters);
conspicuous large grains of either glauconite or magnetite, prob-
ably glauconite.

Based on the microfauna, the age is as follows: Yorktown.

Locality 14: Isle of lVight County, 0.63 mile north of Benns Church, 0.15
mile east on farm road. Altitude, 15 feet.

55Vo frne satd,,20/o silt and clay, 25/o shell; large shell fragments
(pectens, clams), small gastropods, eehinoid spines.

Richards identifies the following fauna from this sample and
assigns it to the Pleistocene ?-Miocene:

Nassar,i,us tsibea Say
Crepi,ilula aculeata Gmelin
Cruci,bulum striatum Say
Seila ad,amsii Lea

Based on the microfauna, the age is as follows: yorktown ?

Locality 18: Isle of Wight County, intersection of State Roads 628 and 6?8
(northeast coraer), 0.45 mile west of Lawns Creek. Altitude; b feet.

Li/o fine sznd,75/6 silt and clay, L0Vo shell; many fragments of
pectens and clams.

Based on the microfauna, the age is as follows: pleistocene-
Miocene.

Locality 26: Surry County, 2.2 miles north of Beachland (intersection of
State Roads 616 and 626), entrance to farm road (farm of Joe
Edwards). Altitude, 56 feet.

30/o frne sand,, 60/o silt and elay, !0/o shell; shells and shell
fragments, barnacles, scaphopods, small pecten, small pelecypods.
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Richards identifies the following fauna from this sample and
assigns it to the Pleistocene:

Mulinia lateralis Say
Phaco'ides crenulatus Conrad
Retusa canal:icula,ta

Based on the microfauna, the age is as follows: Pleistocene-
Yorktown (Miocene) mixture.

Locality 27: Suny County, 2.2 miles north of Beachland (intersection of
State Roads 616 and 626), entrance to farm road (farm of Joe
Edwards). Altitude, 54 feet.

25/o flne sand,,607o silt and clay, l5/o shell; high percentage of
small pelecypods, scaphopods and very small ribbed pecten frag-
ments.

Based on the microfauna, the age is as follows: Pleistocene-
Miocene mixture.

Age: Pleistocene.

Locality 30: Surry County, 1.8 miles north of Beachland, on State Road
626, entrance to lumber road, Altitude, 67 feet.

ZOVo fine sand., 30Vo silt and clay, 50/o shell; echinoid spines;
rounded pecten fragments, pieces of large clams, many small
pelecypods.

Richards identifies the following fauna from this sample and
assigns it to the Pleistocene:

Mulinia, Iateralis Say

Based on the microfauna, the age is as follows: Pleistocene.

Locality 31: Surry County, 1.8 miles north of Beachland on State Road
626, entrance to lumber road. Altitude, 68 feet.

36/o fine sand,, 60/o silt and clay,5/o sheU; hish percentage of
, pecten fragments; small pelecypods, pieces of large clams, echi-

noid spines.

Richards identifies the following fauna from this sample and
assigns it to Pleistocene ?-Miocene? (mixed):

Mulini,a lateral:is Say
Nuculana aauta, Conrad,
Pol'i,ni,ces d,upl:i,catus Say ?

Pecten madison'ius Say

Ba,Sed on the miciofauna, the age is as follows: Pleistocene-
Yorktown.
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Locality 36: Surry County, 1.0 mile north of Beaehland on State Road
626, pasture of farm. Altitude, 70 feet.

20/o fine sand,76/s silt and clay,5/o shell; fragments of pectens
and possible barnacles; echinoid spines.

Based on the microfauna, the age is as follows: Pleistocene"

Locality 37: Surry County, 1.0 mile north of Beachland on State Road
626, pasture of farm. Altitude, 68 feet.

\0/o flne sand,, 70/o silt and clay, 20/a shell; echinoid spines,
turritella, oysters, small pelecypod, barnacles.

Richards identifies the following fauna from this sample and
assigns it to the Miocene:

Ostrea sp.

Based on the microfauna, the age is as follows: Pleistocene-
Miocene.

Locality 48: Isle of Wight County, 0.1? mile southeast of intersection of
State l{ighway 10 and Battery Park road, Pagan Pines (Smithfield).
Altitude, 20 feet.

10Vo fine sand,, 90/o silt and clay.

Elphidi,um florentinae-probably a contamination since sample
was otherwise barren.

Locality 54: Suny County, 0.75 mile south of Beachland on State Road
626. Altitude, T2 feet.

2O/o frne sand,, 70/o silt and clay, l0/o shell; mostly oyster shells,
echinoid spines.

Richards identifies the following fauna from this sample and
assigns it to the Miocene:

Ostrea sp.
Pecten madisonius Say

Based on the microfauna, the age is as follows: Pleistocene.

Locality 89: Locality unknown. Altitude, 1B feet.

20/o fine sand, 80/o silt and clay; abundant scaphopods and small
shell fragments.
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MIOCENE AND PLEISTOCENE FORAMINIFERA AND
OSTRACODA OF SOUTHEASTERN VIRGINIA

TAXONOMY AND FOSSIL PLATES

INTRODUCTION

While this study was under way, A. R. Loebtrich, Jr. and
Helen Tappan Loeblich published their classification of the
Sarcodina. This classification is exhaustive and is the result
of mu,ch hard work by the authors; nevertheless, it has yet to
attain universal acceptance. For this reason, and because the
Cushman classification is still the standard reference for Fora-
minifera, the Cushman ooncept of classification has been retained
in this study.

The ostracod classification used in this study is based
upon the works of Howe (1962), Puri (1gbg, 1gb8), and M,cl,ean
(L957). No claim is made for finality of ostracod classification;
the arrangement of .ostracod classification here used is for the
purpose of comparison with the works listed in the references.

Those species that are especially important to the strati-
graphy of the region and those forms not encountered in the
author's previous studies of the Foraminifera and Ostracoda in
the Yorktown Formation (Mclean, 19b6, 19bZ) are illustrated.
Most speaies illustrated in these earlier bulletins are not re-
illustrated here; however, a full synonymy is included for them,
and new occurrences are listed. The author wishes to acknowl-
edge the kind assistance of Mrs. Naida Page of the Audio-Visual
Aids Department, Howard University, who very skillfully exe-
cuted the camera lucida drawings of the Foraminifera and
Ostracoda which make up the fossil plates in this report. The
following new forms are named : Lagena pageae, n. sp.;
Entosolenia bifid,a, n. sp. ; Nod,osaria catesbyi, subsp. hustonae,
n. subsp. ; and Bul;i,mi,na gracilis subsp. oalaeri, n. subsp.



VrNCrNrI. DWISION OT MTNNN.NL RESOURCES

All material derived from this study has been plaaed in the
collections of the Paleontological Research Institution, inc'luding
the types and illustrated specimens. collection num,bers listed
herein are Paleontol,ogical Research Institution numbers and

are prefixed P.R.I. Sample localities that are listed under occur-

rences are shown on the accompanying index map 1in pocket)

and described in Table 1.

Table l.-Sample localities.

C\oleman Bridge sestion.

Wells 1-NE, 1-N'W, l-SE, 1-SW, 3-N, and 3-S. On the York River be-

tween Gloueester Point and Yorktown.

Chesapeake Bay Bridge-Tunnel.
'Wetls A-1, A-2,M-62, M-63, M-65, and M-85' Conneets Wise Point on

the Eastern Shore with Chesapeake Beach in the City of Virg:inia
Beach.

Well A-5.

General cargo p,ier at Lamberrt Point, near Norfolk, Virginia; long
?6'18'54"W. and lat 36'51'48"N.

Well A-11.

Near Newport News, Virginia, 620 feet offshore from U' S' bulkhead

line and 30 feet off Pier 3 of the chesapeake and ohio Railway; long

?6"26'08'W. and lat 36'58'18"N.

Well at Franklin, Virginia.

Well 4, on property of the Camp Manufac'turing Company'

Localities - 
sarnples from localiti,es designated with letter or letter and

number were collec'ted and furnished by Kenneth F. Bick, Department
of Geology, College of William and Mary, Williamsburg, Virgiuia'
Those from localities designated wirth nurnber only were collected and

furrrished ,by Nicholas K. Coch, Departmen't of Geology, Yale Uni-
versity, New Haven, Conneoticut.

A-1 - 
Sewage disposal plant, Eastern State Hospital (Dunbar), 2

miles west of Williamsburg; blue, silty sand.

1'-2 - Sarne locality as A-1, sample taken 5 feet higher'

A-3 - Same locality as A-1, sample taken 10 feet higher'

B-1 - 
Larry's Marina, 3 miles southwest of Williamsbutg; 4 feet
above sea level.
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B-3 
- Sarne locality as B-1; 8 feet above sea level.

B-4 
- Sam,e locality as B-1 ; 13 feet above,sea level.

C 
- Campus, College of William and Mary; approximately 50 feet

above.sea level.

D 
- Lake PoweII dam, 4 miles southwest of Williamsburg; 5 feet

below top of exposure, app,r:oximately 10 feet above sea level.

E-1 
- 

Along State Highway 132Y, t6.5 mile nonth of Williamsburg,
0.25 mile west of Information Center; approximately 45 feet
above sea level.

F-1 
- Williamsburg Inn, maintenance ar,ea of golf course; 45"50 feet

above sea level.

G-1 - Along Quarterpath ,Road, eastern Williarnsburg; approximately
25 feet above sea level.

G-2 - Along Quarrterpath Road, eastern Williamsburg, 0.5 mile north
of dam.

H 
- 

Colonial Parkway, 0.5 mile north of Halfway .Creek, 2 miles
south of Williamsburg; approxirnately 15 feet above sea level.

J-l 
- Kings Mill Wharf, James River; approxirnately 25 feet above

sea level.

5 - Isle of Wight County, inte,rseotion of State Highway 10 and
Battery Park road, northeast corner, Pagan Pines (Smith-
field); altitude, 11 feet.

7 - Isle of Wight County, 0.63 mile north of Benns Church, 0.O7
mile east on farm rroad; altitude,2T feet,,

8 
- Sarne locality as 7; alti'tude, 18 feet.

10 
- Same locality as ?; altitude, 15 feet.

11 
- Same locality as 7; altirtude, 12 fest.

14 
- 

IsIe of Wight County, 0.63 mile north of Benns Church, 0.15
mile east on farm road; alti'tude, 15 feet,

18 
- Isle of Wight County, interse,ction of Sta,te Roads 628 and 678

(northeast corner), 0.45 mil,e west of Lawns Creek; altitude,
5 feet.

2'6 
- Surry County, 2.2 miles north of B,eachland (intersection of

Srtate Roadrs 616 and 626), entrance to farm road; alti'tud,e, 56
feet.

27 - Same locality as 26; altitude, 54 feet.

30 - Surry County, 1,8 miles north of Beachland on State Road 626.
entranee to lumber road; altitude, 67 feet.
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31 - Sarne locality as 30; altitude, 68 feet.

36 - Surry County, 1.0 mile north of Beachland, on State Road 626,

pasture of farm; altitude, ?0 feet.

37 
- 

Sam,e locality as 36; altitude, 68 feet.

54 - Sumy County, 0.75 mile south of Beachland on State Road
626; altittude, 72 feet.

89 - Locality uncertain.

TAXONOMY

Order Fonaun:vrrrnn

Family Tnxrur,lnrm.q,n

Genus TnxruunrA Defrance, 1824

T entu,lnriu articuluta d'Orbigny

Plate 1, Figure 1

Textularia articulata d'Orbigny, 1846, Foram. Foss. Bass. Tert. Vienne,
p.250, pl. 15, figs. 16-18; Bagg, 1904, Maryland Geol. Surv., Mio-
cene, p. 471, p1.132, figs. 6-7; Cushrnan and Ponton, 1932, Florida
Geol. Surv., Bull.9, p.40, pl. 1, figs. la-b; Cushman and Cahill' 1933'

U. S. Geol. Surv., Prof. Paper 1?5-A, p.8, pl. 1, figs. 12a-b; Lalicker
and McCulloch, 1940, Allan flancock Pac. Expedition, vol. 6, no. 2,

p. 118, pl. 13, figs. 3a-d; Ctushman and Ellisor, 1945, Jour. Pal., vol.
19, no. 6,p.547, pI.71, fig. 11; Mclean, 1956, Bull. Amer. Pal', vol.
36, no. 160, p. 316, pl. 35, figs. l-2; pl.36, figs. 4-6,9,11, 15-16.

Dimension of figured hypotype P.R.I. 27L54: Length 0.84
mm.

Occurrences.' Figured hypotype P.R.I. 27t54 from Coleman
Bridge section, well 3-N at 95.0 feet; also at localities C, F-1,
and J-1.

T entularia ca'nde'i.ana. d'Orbigny

Plate 1, Figures 2, 3

TentulaNa candeiana d'Orbigny, t839, in de la Sagra, Histoire phys. pol.
and nat. de I'isle de Cuba, p. 143, pl' 1, figs. 25-2?; Cu,shman,1922,
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'Carnegie Inst. Washington, pub. 311, p. 23, pl.2, fig. 2; Cushman,
1922, U. S. Nat. Mus., Bull. 104, p. 8, pL 1, figs. 1-3;,Cushman and
Ponton,1932, Florida GeoI. Surv., Bull. 9, p. 41, pI. 8, figs. 4a-b; Puri,
1953, Florida Geol. Surv., BulI.36, p.80, pI.30, figs.9-10; Melean,
1956, Bull. Amer. Pal., vol. 3.6, no. 160, p. 317-318, pl. 35, figs. 4, 6,
7, L0, ll; Sabol, 1960, Bull, Amer. Pa1., vol. 41, no. l9l, p.223.

Terkilaria atyleri Copeland (not others), 19,64, Bull. Amer. PaI., vol. 47,
no. 215, p. 235-236, pl. 34, figs. Sa-b.

Two small and rather untypical specimens are here figured;
see Mclean (1956) for typical form,s. Dimensions of figured
hypotypes: P.R.I. 27253: 0.67 mm long; P.R.I. 27214: 0.37 mm
long.

Occurrences.' Hypotype P.R.I. 27253 from locality 14; P.R.I.
27214 from locality 10; also at localities 11, A-3, B-1, B-3, C, F-1,
G-1, H, J-1.

T ertularta eustisensis Mc,Lean

Tentulnria eustisensis Mclean, 1956, Bull. Amer. Pal., vol. 36, no. 160,
p. 318319, pl. 3,5, figs. 5a-b.

For figures of this form, see Mclean (1956).

Ocarrences: Additional records for this form are: locality
J-l ; also C,oleman Bridge section, well 1-SW at 160.0 feet; in
well A-11 near Newport News at 135.0 to 140 feet; Chesapeake
Bay Bridge-Tunnel, well A-1 at I42 feet; and in a well at Frank-
lin, Virginia at 90 to 100 feet.

T ertulnri,a g ra,?nen d'Orbigny

Textularia granxen d'Orbigny, 1846, Foram. Foss. Bass. T,errt. Vienne, p.
248,pL.15,figs.4-6; Cushman,1918, U. S. Geol. Survey, BulI.676, p.
8, pI.9, figs.4-5 (not figs.2,'3,6); Cushman, 1930, Florida Geol.
Suw., Bull. 4,p. L7, pl. 1, figs.5a-b; Puri, 19,53, Florida Geol. Surv.,
Bull.36, p.81, pI.30, figs.7-8; Mclean, 1956, Bull. Amer. PaI., vol.
36, no. 160, p. 319, pl. 36, figs. 7,12-13; Sa,bol, 1960, Bull. Amer. Pal.,
vol. 41, no. 191, p.223.

Tertularia cf. dollfussi, Copeland (not o,ther,s), 1964, Bull. Amer. Pal.,
vol.47, no.215, p.2i3'6, pl. 34, figs. 9,a-b.

Tentularia megalocu,Iata ,Copelan.d, 1964, Bull. Amer. Pal., vol. 47, no.
215, p,2'37, pl.35, figs. 1a-b.
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As restricted and figured by Mclean (19b6) this form has
the additional records listed below. Copeland,s forms listed
above in synonymy also seem to be this species; careful discrimi-
nation is necessary, as the name has been given to a widely
diverse group of textularids.

Occurrences.' Localities B-8, C, D, G-1, J-1, 10, 11, 14, 18,
27,30,31, 36; Coleman Bridge section, well B-N at 11b feet;
Chesapeake Bay Bridge-Tunnel, well A-1 at 84 to 161 feet, well
A-2 at 70 to 720 feet, well M-85 at 84 to g3 feet; well A-11 near
Newport News at 58 to 65 feet.

T ertulnria may oN Cushman

Tentularia ma,gori C\rshman, 1g22, Carnegie Inst. Washington, pub. 811,
p. 23, pl. 2, fig,3; Cushman, 1922, V. S. Nat. Mus., Bull. 104, pt. ,8,
p.7; Cushman, 1930, Florida Geol. Surv,, Bull.4, p. 1?, pI. 1, figs.
,6-8; Cushman and Ponton,1932, Florida Geol, Surv., BulI. g, p. 40,,
pl. 1, figs.2-3; Phleger and Parker, 1g48, Geol. S,oc. Amer., Mem.
46, p.1.2, p. 5, pl. 2, figs. 1-5; Puri, 1958, Florida Geol. Surv., Buli.
36, p.82, pI.20, figs.7-8; Mclean,Lg56, Bull. Amer. pal., vol. 86, no.
160' P. 1320, P1. 36, figs. 1-3.

Occurrence.' A single new record for this species is locality
G-L; see Mclean (1956) for figures and description of this
form.

T e rtuluria obli,qua Clapp

Plate 1, Figure 6

Tentulariu obliqua Clapp, 19.48, Maryland Dept. Geol., Mines and W'ater
Res., Bull. 2, p. 279, pl. 28, figs. 6a-c, la-c.

This species may be an imp,ortant St. Marys Formation
guide; for this reason, care should be exercised to separate it
from the very similar T. pseud,obliqua Mclean. T. obl;iquu is
distinctly more oblique in the slant of its sutures and is generally
stubbier and more roughly arenaceous than T. pseudobliqun,
Tertuh,ria eustisensis Mclean is more elongate and generally
much more finely arenaceous, but may easily be confused with
Clapp's species. Dimension of figured hypotype P.R.I. 27376:
1.35 mm long.

Occttrrences.' New records for this form are: P.R.I. 27376
from well A-11 near Newport News at 165.0 feet; other speci-
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mens to 185 feet in same well. Also, from Coleman I3ridge sec-
tion, well l-NE at 194 to 200 feet.

T entuluria 7t s e.udobliqua McLean

Plate 1, Figures 4, 5

Tentularia pseudobliqua Mclean, 1956, Bull. Amer. Pal., vol. i36, no. 160,
p. 320, pl. 35, figs. 8-9, pl. 36, figs. 1?a-b; Sabol, 1960, Bull. Amer.
Pal., vol. 41, no. Igl, p.224.

This form seems to be restricted to the basal Yorktown
Formation and the St. Marys Formation; it may be related to,
and evolved from, T. ob\iqua. Dimensions of figured forms:
P.R.I. 27192 1.47 mm long; P.R.I. 27178 1.03 mm long.

Ocetwrences.' P.R.I. 27792 at 185-186.6 feet in well A-11
near Newport News; P.R.I. 27178 in Coleman Bridge section
well 3-S at 135.0 feet; other occurrences: localities B-4 and J-1 ;

Coleman Bridge section, well 1-SE at 128 feet, well 1-NE at 184
feet, well 1-NW at 158 f,eet; also from well A-5 near Lambert
Point at 220 to 225 feet and well A-11 near Newoprt News at
160 feet; well at Franklin, Virginia from 80 to LLO feet.

T ertularia y orktotonensfs Mclean

Textularia, pseudobliqua aspera (Mclean), 1956, Bull. Amer. Pal,, vol.
36, no. 160, p. 320, pl. 36, figs. 8, 14.

Tertularia gorletownensis Mcl,ean, 1959, Jour. Pal., vol. 33, no. 5, p. 969,
not T. aspera Ehrenberg, 1838, Terquem, 1882, Brady, 1882; Sabol,
1960, Bull. Amer. Pal., vol. 41, no. 191, p. 224, pl. 27, figs. 1a-b.

Further records for this species are listed below; for de-
scriptions and figures, see Mclean (1956).

Occurrences.' Localities A-3, B-1, G-1 ; Coleman Bridge sec-
tion, well l-SW at 123 feet, well 1-NE at 108 feet, well 3-N at
125 feet; well A-11 near Newport News at 765 to 190 feet.

Tertularia sp. A

Plate 1, Figures 7, 8

Occurrences.' These forms, from well 3-S in the Coleman
Bridge section at 95 to 105 feet, may be juvenile individuals of
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T. obli.qua; they are flgured for further reference. Dimensions:
P.R.I. 27L72 0.33 mm long; P.R.I. 27181 0.42 mm long.

Tertularia sp. B

Plate 2, Figure 1

Occtrrence: This broken form from locality 10 is figured for
further reference; it does not resemble any form found so far.
Dimension of P.R.I. 27255 0.41 mm long.

Tertularia sp. C

Plate 2, Figure 2

Oceurrence.'This unusual form, the only one found, is from
locality 11 and is figured f'or future reference. Dimension of
figured specimen, P.R.I. 27210, is 0.32 mm long.

Family Mrlror,rnln

Genus QutNeuuocuLINA d'Orbigny, 1826

Quinquelo cultina lamar ck'iana d' Orbigny

Plate 2, Figures 3-5

Quinqueloculina lamarckiana d'Orbigny, 1839, in de la Sagra, Histoire
phys. pol. and nat. de I'isle de Cuba, p. 189, pl. 11, figs. 14, 15; Cush-
man, 792L, U. S. Nat. Mus. Proc., vol. 59, p. 65, pl. 15, figs. 13, 14;
Cushman, 7922, Carnegie In,st. Washington, Pub. 311, p. 64; Cush-
man, 1924, Carnegie Inst. Washington, Pub. 342, p. 63; 'Cushman,
1926,,Carnegie Inst. Washington, Pub. 344, p. 81 ; Cushman, 1929, U.
S. Nat. Mus. Bull. 104, pt. 6, p.26, pl. 2, figs. 6a-c; Cushman' 1930'
Florida Geol. Survey BulI. 4, p. 20, pl. 2, figs. 3-5; Cushman and Pon-
ton, 1932, Florida Geol. Survey Bull.9, p.44; Cushman and Cahill'
1933, U. S. Geol. Surv. Prof. Paper 1-75-A, p. 9, pl. 2, figs' Aa-c'

Quinqueloculina auberiana d'Orbigny, 1839, in de la Sagra, Histoire
phy,s. pol, and nat. de I'isle de Cuba, p. 19,3, pl. 12, fig:s. 1-3; Cush-
man, 1918, U. S. Nat. Mus. Bull. 103, p. 79, pl. 29, figs. 3a-c; Cush-
man,1918, U. S. Geol. Surv. Bull.676, p.23,71, pl.5,fig.3; pI.30,
fig. 1.

Quinqueloculina cuaieriano H. B. B'rady (not D'Orbigny), 1884, Chal-
lenger Rept., Zoology, vol. 9, p. 162, pl. 5, figs. 12a-c.
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Angulate forms, as here figured, are somewhat questionably
assigned to d'Orbigny's species; the specimen in Figures 5a, b
(P.R.I. 27276) has a rather striate test, which may be an in-
dividual peculiarity, but which may place it in another species.
Dimensions of figured specimens: P.R.I. 27208 0.31 mm long;
P.R.I. 27243 0.43 mm long; P.R.I.27216 0.80 mm long.

Occurrences: P.R.I. 27243 and P.R.I. 27216 from locality
L4; P.R.I. 27208 is from locality 37.

Quinquelo cul'ina s em'inzlo ( Linnaeus )

Plate 2, Figures 6, 7

Plate 3, Figure 1

Serpuln seminulum Linnaeus, 1?67, Syst. Nat. ed. 12, p. 1264.

Miliolina seminulum Williamson, 1858, Rec. Forams. Great Britian, p.
85, pl. 7, figs. 18.3-185; Heron-Allen and Earland, "J,932, Discovery
Reports, vol. 4, p. 313-314, pl. 6, figs. 25-40.

Quinqueloculina seminulum Cushman, 1929, lJ. S. Nat. Museum, Bull.
104, p. 24, pl. 2, figs, 1-2; Boltovskoy, 1954, Revista Inst. Nacional
Invest. Ciencias y Mus. Argentino Ciencias Nat. "Bernadino Rivad-
avia," tomo 3, no. 4, p. 258, pl. 20, figs. 1a-c.

Quinqueloatlina seminula Cushman and Cole. 1930. Contrib. Cushman
Lab. Foram. Res., vol. 6,pt.4, p.95, pl. 13, figs. 1a-c;,Cushman, 1930,
Florida Geol. Surv., Bull. 4, p. 19, pl. 2, figs. 1a-c (not 2) ; Mclean,
1956, Bull. Amer. Pal., vol. 36, no. 160, p.321-322, pl. 3?, figs. 12,
14; Copeland,1964, Bull. Amer. Pal., vol. 47, no.2l5, p.232, pl.34,
figs. Ia-c.

This is a species whose identity has largely been lost by
indiscriminate dumping of forms into it; the forms figured
seem to coincide with the synonyms listed above. Dimensions:
P.R.I. 27205 is 0.45 mm long; P.R.I. 27240 is 0.45 mm long;
P.R.I. 27227 is 0.53 mm lons.

Occurrences.' P.R.I. 27205 is from locality 37; P.R.I. 27240
is from locality ll; P.R.I. 27227 is from locality 14; other oc-
currences are: localities 18 and C; Coleman Bridge section,
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well l-SW at 160 feet; well A-5 near Lambert Point at 100 to
105 feet; well A-11 near Newport News at245 feet.

Quinquelo culina trilo culini'f orma Mclean

Qu,inquelocttlina tt'iloculiniforma Mclean, 1956, Bull. Amer' Pal', vol'

36, no. 160, p. 322-323, pl. 3?, figs. 9-11.

Occurcence.' One specimen of this form occurs at locality
37. See Mclean (1956) for descripti'on and figures'

Genus PYnco Defrance, 1824

PYrgo denti,culata (H. B. BradY)

Plate 3, Figure 2

Biloculina ringens Lamarck, var. d'enticulata H. B' Brady, 1884, Chal-

lenger Rept., vol.9, p. 143, pI.3, figs.4,5; Heron-Allen and Earland'
1915, Trans. Zool. Soc' London, vol.20, p. 551, pl' 40, figs' 11-13'

Biloculina d,enticulata Cushman, 1917, U. S. Nat. Mus. Bull' 71' pt' 6' p'

80, pl.3,3, fig. 1; Cushman, l92l, U' S. Nat. Mus'' Bull' 1010' pt' 4' p'

476, pl. 98, figs. 3a' b.

Pgrgo d'enticulata C:ushman, 1929, U. S. Nat. Mus', BuIl' 104' pt' 6' p'

69, pl. 18, figs. 3, 4; Cushman and Ponton, 1932, Florida GeoI' Surv'

Bull.9, p.56, pl. ?, figs. ?,8; Puri, 1953, Florida GeoI' Surv', Bull'
36, p. 94, pl. 5, figs. 13, 14' 15.

Occttrrence.' One specimen from Coleman Bridge section,

well l-NE (P.R.I.27307) is from a depth of 184 feet; the form
is 0.70 mm long.

Family Tnoculttl wt INIDAE

Genus Tnocn,lIvliulNl Parker & Jones, 1859

Trochammi?zn sp.

Plate 3, Figure 3

Occurrence: In the Coleman Bridge section, this form ap-

pears in well 3-N at a depth of 115 feet. Dimension of P'R'I'
27304 is 0.53 mm long.
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Family LacnNrunr

Genus Roeul,us Montfort. 1808

Robulus americarlus ( Cushman)

Plate 3, Figure 4

Cristellarin amer'icana Cushman, 1918, U. S. Geol. Surv. Bull. 6?6, p.
50, ptr. 1,0, fi,gs. 5, 6.

Ro'bulus amerieanw.s Cush,rnan, 1930, Florida Geol. Surv., B:ull. 4, p. 24,
pI.3, fig, 7; Cushrnan, 1932, Florida Geol. Surv., Bull. g, p, 58; Cush-
man and Cahill, 1933, U. S. Geol. Surv. Prof. Paper 1?5-A, p. 12, pl.
3,fig.6; Renz, 1948, Geol. Soc. America Mem.32, p. 15,7, pl, 12, fig.3;
Puri, 1953, Florida Geol. Surv., Bull. 36, p. 96-9?; Copeland, 1964,
Bull. Amer. Pal., vol. 47, no.2l5, p. 248, pl. 85, figs. Ba-b.

This important guide form occurs in several new places;
dimension of the figured specimen (P.R.I. 27169) is 0.81 mm
in largest diameter.

Ocsurrences.' P.R.I. 27169 occurs in well A-11 near New-
port News at a depth of 195-196.6 feet; the form extends from
180 to 380 feet in this same well. Other occurrences: Coleman
Bridge section, well 1-SE at 1"60 feet, well 3-S at llb feet, well
l-NE at 200 feet; well at Franklin, Virginia, at 90 feet.

Robulus americam,s subsp. sp,inosus Cushman

Cristellaria americana Oushman, var. spinosa Cushman, 1918; U. S.
Geol. Surv. Bull. 676, p. 51, pl. 10, fig. ?.

Robulus a,mer'i.carLus (Cushman) vat. spinosus Cushman, 1g80, Florida
Geol, Surv. Bull. 4, p.24, p|,3, figs. ?a, b; Cushman and Cahill, 1gBB,
U. S. G€ol. Surv. Prof. Paper 1?5-A,p. !2, pl. B, fig. 7; Renz, 1948,
GeoI. Soc. America Mem.32, p, 157, pl. 12, fig, 4; Bermudez,lg4g,
,Cushman Lab. Foram. Res., Special Publ. 2b, p. 120-121, pl. 6, figs.
5'5, 56; Puri, 1953, Florida Geol. Surv. Bull. 86, p. 9?, pl. 29, figs. B,
4.

Oca.rrence.' One new record for this guide species is in well
A-11 near Newport News at 245 to B2S feet in the Calvert
Formation.

11



LZ VrncrNrn DrvrsroN or MrNonlr, Rnsouncos

Robulus calcar (Linnaeus)

Flate 3, Figure 5

"Nautilus minimus non umbilica'tus", Gualtieri, 7742, Index, Test.
Conch., pl. 19, fig. c.

Nautilus calcar Linnaeus, 1767, Syst. Nat., ed,.l2, p. 7L62, no. 272,

Lenticulina calcar (Linnaeus), Barker, 1960, Soc. Econ. and Mineral.,
Spec. Pub. 9, p. 146, pl. 70, figs. 9-12.

Robulu,s calcar Lndersen, 1961, Louisiana GeoI. Surv., Bull. No. 35, Part
2, p. 48-49, pl. 11, figs. la, b, 2a, b.

"Figure 2 in this report [Andersen, 1961-] approaches the
spineless form of R. calcar (Linnaeus), figured by Brady as
Cdstellaria arti,culata Reuss ("Challenger" Rept., nl. 69, figs.
l-0-12) which Cushman placed in synonymy with Cristellurio
lueid,a Cushman (Bull. 104, U. S. Nat. Mus., pt. 4, p. 111) and
which Barker (1960, p. 144, pl. 69, figs. 10-12) has given the
rew r&rn€ Robulus utlu/tLti,cu,s. Only the architecture of the
aperture shows the absolute relationship between R. calcar (Lim'
naeus) and R. utlnntieus Barker which, collectively, should be
regarded as the biological range of the sp€cies R. calcur (Lin-
naeus)." (Andersen, 1-961, p. 49)

Spines and other surface features in Foraminifera appear
to have ecological sigriificance, and the significance seems to be
that increased ,ornamentation is a result of an open-sea ecology.
Under this type of differentation of test configuration, we may
include Robulus americanns and its subspecies sp'inosus. Robulus
calcar differs from these two forms in that it possesses fewer
chambers and lacks the distinctive raised sutures of. R. umeri'-
cuwus and R. spinosus. Typical examples of R. american;us and
R. americanns spi,nows occur in the Virginia-Maryland Miocene,
and ,8. culcar (as considered here) is not a part of the R. ameri-
canlls lineage.

Dimension of figured form (P.R.I. 27166) is 1'28 mm in
largest diameter.

Occurrence.' A single record exists for this species at 160

feet in well l-SW from the Coleman Bridge section. This was
erroneously referred to -R. americanus sp'inosus in Mclean
(1956, p.284).
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Robulus pseudoiota Mclean

Plate 3, Figure 6
Robulus ioter,s Cushman, 1g80, Florida Geol. Surv., Bull. 4, p. 25, pl. 4,

figs. 1a-b; ,Cushman and Ponton, 1982, Florida Geol. Surv., Bull. 9,
p. 58; Cushman and Oahill, 1933, U. S. Geol. Surv., prof. paper 1?b-
A, p. 12, pI. 4, figs. la-b.

Robul,us iota,Puri, 1953, Florida GeoI. Surv., Bull. 86, p. 9?, pl. 29, figs.
1_2.

Robuhts pseudoi,ota Mc'Lean, 1956, Bull. Amer. pal., vol. 36, no. 160, p.
325-,326, pl. 38, figs. 2, 4.

The figured form, P.R.I. 273L5, is not entirely typical for
this species. Diameter of the specimen is 0.28 mm.

Occurrences.' P.R.I. 27315 is from well A-11 near Newport
News at 165 to 166 feet; other new localities are G-l and BT.

Robuhts sp.

Plate 3, Figure 7

Occurrences.' This very minute specimen (p.R.I. 27277)
was found in the Chesapeake Bay Bridge-Tunnel, well A-1 at
84 feet; a second specimen was found in the 'ii/ell at Franklin,
Virginia at 80 to 90 feet. Largest diameter of the figured speci-
men is 0.24 mm.

Robulus uaughani (Cushman)

Cristellnria oaughani Cushman, 1918, U. S. Nat. Mus,, Bull. 108, p, 61,
pl.22, fig. 3.

Robulu,s aaughani, Cushman and ponton, 1g82, Florida Geol. Surv., Bull.
9; p.59, pI.8, figs.5-10; Puri,1958, Florida Geol. Surv., Bull. 86, p.
98; Mclean, 1956, Bull. Amer. Pal., vol. 86, no. 160, p.826-827, pl.
.38, figs. 3,5,7-9.

Lenticulina ,aughani Bermudez, 1g49, Spec. pub. No. 2b, Cushman Lab.
Foram. Res., p. 135, pl. 8, figs. 1T-20.

Oceurrences: Additional occurrences of this yorktown form
are: localities G-1 and J-1. See Mclean (19b6) for description
and figures.

13
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Genus MancINur,rNl d'Orbigny, 1826

Marginulina sp. D CIaPP

Plate 4, Figure 3

Margittulirn,sp. D Clapp, 1948, Maryland Dept. Geol., Mines and 'Water

Res,, Bull. 2, p.285, pl. 30, figs. 12a-b' 13a-b.

Occurcence.' A single specimen, attributable to Clapp's form,
came from well A-11 near Newport News, at a depth of 170

feet. Dimension of figured form, P.R.I. 27303, 1.90 mm long.

Margfurul;inu sp. A

Plate 3, Figure 8

Occurcence.' This form is from the Chesapeake Bay Bridge-
Tunnel at 84 feet in well A-1. Dimension of figured form P.R.I.
27281 is 0.50 mm long.

Margitrul;ino sp. B

Plate 4, Figure 1

Ocanrrence: Well A-1, Chesapeake Bay Bridge-Tunnel, had
this specimen at 84 feet. Dimension of figured form, P.R.I.
27286, is 0.38 mm long.

Murgitrul;ina sp. C

Plate 4, Figure 2

Occwrence.' This specimen (P.R.I. 27275) is from well A-2
from Chesapeake Bay Bridge-Tunnel at 70 feet; it measures
0.22 mm in length.

Genus DsNraLrNA, d'Orbigny, 1826

D entalina kuicherae Mclean

Dentalina kaicherae Mclean. 1956, Bull. Amer. Pal., vol. 36, no. 160, p'

328, pl. 38, figs. 14-15, 18-19.
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Ocatrcences; Additional records for this species, as de-
scribed in Mclean (1956), include localities E-1, G-1, J-1.

Dentalittu ef. pyruln (d'Orbigny)

Denta,lina ef. pgrula Mclean, 1956, Bull. Amer. PaL, vol. 36, no. 160, p,
328, pl. 3,8, flg. 11.

Occtwrence.' Fragments similar to those figured by Mclean
(1956) are found at locality E-L.

Genus Nonoslnu Lamarck, 1812

N o d,o saria cat esb yi d'Orbigny

Nodosaria catesbgi d'Orbigny, 1839, in de la Sagra, Histoire phys. pol.
and nat. de I'isle de Cuba, p. 16, pl. 11, figs. 8-10; Cushman, 1930,
Florida Geol. Surv. Bull.4, p.2t8,2g, pI.5, fig.4; Cushman and Pon-
ton,1932, Florida Geol. Surv., Bull. 9, p. 61; Puri, 1953, Florida Geol.
Surv., Bull.36, p. 101, p7.26,fig.6; Mclean, 1956, BulI. Amer. Pal.,
vol. 36, no. 160, p.329, pl. 39, figs. 1-4.

Nodosaria sp. ? Cushman, 1g22, Carnegie Inst. Washington, vol. 1?, no.
311, p. 32, pl. 4, fig.2.

Ocutrrences.' Typical specimens occur at localities A-3, C,
E-1, G-1, J-1.

Nod,osaria catesbAi subsp. h,ustonae Mcf,ean, n. subsp.

Plate 4, Figure 4

Deseri,ption ' Test consisting of three chambers; sutures
slightly limbate and incised; initial chamber larger in diameter
than others and ornamented with a short stubby spine; middle
chamber shorter and smaller in diameter than others: final
chamber elongate and pyriform, surmounted by a short fluted
neck.' Test ornamented with very indistinct costae which often
disappear into smooth areas. Leng:th of holotype P.R.I. Z7gZ1
0.65 mm.

Remnrks.' This is a typical Nod,osaria catesbEi in most fea-
tures except for the very smooth appearance of the test, which
may be a result of ecological controls. However, the form suffi-

15
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ciently differs from typical Nodosurin catesbyi, to enable it to be

formally described as a subspecies.

Named in honor of Mrs. Elizabeth C. Huston, Research
Assistant.

Oceumences: P.R.I. 27321, locality J-1, approximately 25

feet above sea level, basal Yorktown Formation; also at locality
A-3.

Nod,osaria sp,

Nodosaria sp. Mclean, 1956, Bull. Amer. Pal., vol. 36, no. 160, p. 329,
pl. 38, fig. 12.

Occrtrcences.' Additional records for this species are: lo-
calities A-3, E-1, G-1, J-1; descriptions and figures are in Mc-
Lean (1956).

Genus L.q.cnNa Walker & Jacob, 1798

Lag ena clnuutu (d'Orbigny)

Ooli,na claaata d'Orbigny, 1846, Foram. Foss. Bassin Tertiaire, Vienne,
p. 24, pl. l, fig. 2.

Lagena claaata, Reuss, 1862, Akad. Wiss. Wien. Math. Naturwiss Kl.,
Sitzungsber., vol. 46, pt. 1, p. 320, pI. 1, figs. 13, 14; Terquem, 1882'
Mem. Soc. Geol. France, set. 3, vol. 2, Mem. 3' p, 25, pl. 1, fig. 2; Eg-
ger, 1893, Abhandl. kon, bay. Akad. Wiss., Munchen. Cl. 2, vol' 18, p.

324, pl. 10, fig. 68; Goes, 1894, Kongl. Sven.sk. Vet. Akad. Handl., vol.
25, no. 9, p. 75, pl. 13, figs. 725-727; Jones, 1895, Pal. Soc. Mon., pt.
2, p, 182,, pl. ?, fig. 5; Morton, 189?, Portland Soc. Nat. Hist. Proc.,
vol. 2, p. 116, pl. l, fig.2; Reade, 191000 Geol. Mag., vol. 7, pl.5, fig.
f$r; Qush'rnan,1923,V. S. Nat. Mus., Bull. 104, pt.4, p. 10, pl. 1, fig.
15; Franke, 1925, Abhandl Ber. Mus. Natur. und Heimatkunde und
Nat. Ver., vol.4, p. 164, pI.5, fig. 19; Cushman, 1929, Cushman Lab.
Foram. Res. Contr., vol.5, p. 68, pl. 11, fig.3; Cushman, 1930, Flo-
rida Geol. Surv. Bull. 4, p. 29, pl. 5, figs. 6a-b; Hada, 1931, Tohoku
Imp. Univ. Sci. Rept., ,ser. 4, vol. 6, p. 103, fig. 57 (in text); Cushman
and Ponton,1932, Florida Geol. Surv., Bull.9, p.62; Cushman and
Cahill, 1933, U. S. Geol. Surv., Prof. Paper 175-A, P. 15, pl. 5, figs.
?a-b; Asano, 19,38, Tohoku Imp. Univ. Sci. Rept., ser. 2, vol. 19, no.
2, p.216(38), pl.3?(4), figs.57,61; pI.30(?), fig.26; Cushman and
LeRoy, 1938, Jour, Pal., vol. 12, no, 2, p. I25, pl. 22, fig. 14; Ctush-

man, 1944, Contr. Cushman Lab. Foram. Res., vol. 20, p,t' 1, p. 23,
pl. 4, fig. 12; Cushman, 1944, Spec. Publ. No. 12, Cushman Lab.
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Foram. Res., p. 21, pt.3, fig. 6; Clapp, 1948, Maryland Dept. Geol.,
Mines and Water Res. Bull. 2, p. 287-288, pl. 31, fig. 4.

Lagena" aulgaris Wi liarnson var. claaata W'illiamson (not d'Orbigny),
1858, Recent Bri'tish Foram., p. 5, pl. 1, fig. 6.

Lagena gracill:ima Mills (not Seguenza), 1900, Hull Sci. and Field Nat.
Club, vol. L, p. I47, pl. 10, fig. 19.

Am,phorina elongata ,Costa (not Seguenza) , 1864, Atti. Acead. Pont.,
vol. 8, pt. 2, p. 122, pl. 11, fig. 12.

Occtrrrences.' This form, as figured by Clapp, occurs in the
following additional records: localities, A-2, A-3, G-1, J-1, 18,
31,37; well A-11 near Newport News at 165 feet; Chesapeake
Bay Bridge-Tunnel, well A-1 at 84 feet, and well M-85 at 84 feet.

Lag ena d,orseyae Mclean

Lagena sp. D Clapp, 1948, Maryland Dep't. Geol., Mines and Water Res.,
Bul . 2, p. 291, pl. 3t0, figs. 19-21 (not 22 and 23).

Lagenu dorsegae Mclean, 1956, Bull, Amer. Pal,, vol. 36, no. 160, p. 380-
331, pl. 39, figs. 8a-b.

Ocearrences: See Mclean (1956) for description and
figures; added records are: localities A-3, E-1, G-1, J-1; well
A-11 near Newport News at 135 to 170 feet; Chesapeake Bay
Bridge-Tunnel, well M-85 at 84 feet.

Lag ena gtobulohi,spid,a McLean

Lagenu sp. E Clapp, 1948, Maryland Dept. Geol., Mines and Water Res,,
Bull. 2, p. 291, pl. 31, fig. 24.

Lagena glo'bulohispid,a Mcl"ean, 1956, Bull. Amer. PaI., vol. 36, no. 160,
p. 331, pl. 39, figs. ?a-b.

Occu,rcences: Described by Mclean (1956), this form has
been found in the following new sites: locality A-3 ; Chesapeake
Bay Bridge-Tunnel in well M-85 at 84 to 133 feet.

Lagerm lteragona subsp. scaluriform,is (Williamson)

Plate 4, Figure 5

Entosolenia squanxosa subsp. scoloriformts Williamson, 1858, Recent
Foraminifera of Great Brirtain, p. 18, pl. 1, ffg. 80.
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Lagena scalariformis Reuss, 1862 (1863), Akad. Wiss. Wien Sitzungs-
ber., vol. 46, prt. 1, p. 333, pl. 5, figs. 69-71.

Lagena heragona,subsp. scelorif ormis Cushrnan, 1913, U. S. Nat. Mus.
Bull. ?1, gt. 3, p. 1?, pl. 6, fig. 4; Cushman, 1927, Scripps Inst. Ocean-
ography Bull., Tech. ser., vol. l, p. 145; Cushman, 1929, Contr. Cu,sh-

man Lab. Foram. Research, vol. 5, pt. 3, p.72, pl. 11, fig. 17; Cush-
man, 1930, Florida Geol. Surv. Bull. 4, p. 30, pl. 5, figs. 7a, b; Cush-
man and Parker, 1931, Con'tr. Cushman Lab. Foram. Res., vo1' 7, p.
7, pl, l, fig. 24; Cushman and Ponton, 1932, Florida GeoI. Surv. Bull.
9, p. 62; Cushman and Cahill, 1933, U. S. Geol. Surv. Prof. Paper
175-A, p. 15, pl. 5, figs. 9a, b.

Occurrences: This figured form, P.R.I. 27322, is from local-
ity E-1, and measures 0.21 mm in length; another specimen was
found in well M-85, Chesapeake Bay Bridge-Tunnel, at a depth
of 93 feet.

Lagerut lneai,s (Montagu)

Plate 4, Figure 6

"serpula (Lagena) laetris oaalis" Walker and Boys, 1784, Test. Min., p.

3, pl. 1, fig. 9.

Vermiculum, la,eoe Montagu, 1803, Test. Britain, p. 524.

Lagena laeds Williamson, 1848, Annal. Mag. Nat. Hi'st., ser' 3, vol. 1,

p. 12, pl. 1, figs. !, 2; H. B. Brady, 1884, Challenger Rept. Zoo1., vol.
9, p. 45'5, pl. 56, figs. 7-14, ? 30; Fornasini, 1890, Accad. Sci, Istit.
Bologna Mem., ser. 4, vol. 10, p. 6, Fl. ?, fig, 1; Tenigi, 1893' Atti Rr.

Acead. Lincei, ser. 4, Mem. vol. 6, p. tl2, pl. 5, fig. 12; Goes, 1894,

Kongl. Svensk. Vet.-Akad. Handl., vol. 25, no. 9, p. 74, pl' 13, figs.
719-722; Jones, 1895, Foram. Crag, pt. 2, p. l8l, pl. 1, fig. 28; Flint'
189?, U. S. Nat. Mus, Rept., p. 3016, pl. 5,3, fig. 6; Mills, 190O, Trans.
Ilull Sci. and Field Na,t. Club, vol. 1, p. 147, pl. 11, fig. 2,8; Reade,
1900, Geol. Mag., vol. 7, pl. 5, frg. 12; Bagg, 1912, U. S. Geol' Surv.'
Bull. 513, p. 48, pl. 1,3, figs. 5-8, 10, 11 ; pl. 14, figs'. 23, 24i Cu'sh'
man, 1913, U. S. Nat, Mus., Bull. ?1, pt.3, P.5, pl. 1, fig.3; pl.38'
fig. 5; Chaprnan and Parr, 192'6, Jour. Linn. Soc. Zoo1., vol. 36, p.
.373, pl. 17, fig. 1; Hada, 19,31, Tohoku Imp. Univ. Sci. Rept., ser. 4'
vol.6, p. 102,' fig.56 (in text); Cushman, 1933, U. S. Nat. Mus., Bull.
161, pt. 2,p,19, pI.4, fig.5; Cushman,1935, U. S. Geol. Surv., Prof.
Paper 181, p.22, pL.9, figs. 3, 4; Howe, 1939, Louisiana Geol. Surv.,
Bull. no. 14, p. 50, pl. 6, fig. 12; Toulmin, 1941, Jour. Pal., vol. 15,

no. 6, p. 593, pl. 80, fig, 7; Cooper, 7944, Jour. Pal', vol. 18, no. 4, p'
348, pl. 54, figs. 6, 7; Clapp, 1948, Maryland Dept. Geol., Mines and
'Water Res., Bull. 2, p. 289, pl. 31, figs. 9, 10,
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Lagena claoata Cole (not d'Orbigny), 19.31, Florida Geol. Surv., Bull. 6,
p. 28, pl. 6, fig. 6.

Lagena perluci.d,a Cushman and McGlamery (not Montagu), 1938, U. S.

Geol. Surv., Prof. Paper 18;9-D, p. 105, pI. 24, fig. ll.
Occurrences.' The illustrated specimen (P.R.I. 27213) is

from locality 18, and it is 0.32 mm long; other specimens are
from locality 10; and Chesapeake Bay Bridge-Tunnel, well A-1
at 113 feet.

Lag ena melo (d' Orbigny)

Oolina melo d'Orbigny, 1839, Voy. Amer. Meridionale; Foraminiferes,
tome 5, pt.5, p.20, pI.5, fig.9; Bol,tovskoy, 1954, Revista Inst. Na-
cional Invest. Cliencias Nat. y Mus. Argentino Ciencias Nat. f'Berna-
dino Revadavia," tomo 3, no. 4, p, 268-269, pl. 23, fig. 3.

Lugena melo McLean, L956, Bull. Amer. Pal., vol. 36, no. 160, p, 331-
332, pl. 39, figs. 12a-b.

Oceurrence: This species is found at locality C, which is the
only additional record for the form so far found.

Lagena pageae Mclean, n. sp.

Plate 4, Figures 7-9

Descri.ption.' Test ab,out normal size for the genus; in outline
rather uniformly rounded from base towards aperture, but
apertural face is definitely rather broad and truncate; entire
test, except for area close to aperture, is ornamented with pro-
nounced ri,bs, from 6 to 8 of them visible to a side; the area
between these prominent costae show very faint cross-ridges
which in certain angles of light give the effect exemplified by
Lagena heragona scalari,formzs test ornamentation; in normal
lighting these cross-ridges are very faintly or not at all visible;
test wall calcareous, translucent, and glassy, giving a slightly
cloudy effect.

Holotype-0.30 mm long, 0.19 mm wide, P.R.I. 27249

Paratype-O.25 mm long, P.R.L 27260

Paratype-0.22 mm long, P.R.I. 27294

Remarks: Named in honor of Mrs. Naida W. Page, who
illustrated the microfossils for this publication.
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Occurrences.' Holotype P.R.I. 27249 from locality 14; Para-
type P.R.I. 27260 from locality 10; Paratype P.R.I. 27294 from
Chesapeake Bay Bridge-Tunnel, well A-L at 84 'feet; additional
records: locality 18 and Chesapeake Bay Bridge-Tunnel, well
A-2 at 70 feet and well M-85 at 93 feet.

Lugena palmerae Mclean

Lagena palmerae Mclean, 1956, Bull. Amer. Pal., vol, 36, no. 1@, p.

332, pl.39, figs. 5-6; Sabol, 1960, Bull, Amer. Pal., vol. 41, no. 191,
p. 226.

Occumences.' As figured and described by Mclean (1956),
this form occurs in localities C, E-1, G-1, J-1, and in the Chesa-
peake Bay Bridge-Tunnel, well M-85 at 93 feet.

Lag enn ps eud,osulcata McLean

Plate 5, Figures 1, 2

Lugena pseuilosulcato Mclean, 1956, Bull. Amer. Pal., vol. 36, no. 160,
p.332-333, pI.39, figs. 11a-ib; Sabol, 1960, Bull. A,ner. Pal., vol. 41,

no. 191, p,226,

This form is easily confused with Lagena sulcata, but it
differs from that species in the short, generally lipped neck
which always shows a dark area near the lip as if the interior
canal widens at that point. Typical L. sulcata as figured herein
has a produced neck which shows a continuation of the costae of
the body, whereas L. pseudosulcata always shows a non-costate
neck region. Dimensions of figured hypotypes: P.R.I. 27237 is
0.32 mm long, P.R.I.27209'is 0.34 mm long.

Oesarrences.' P.R.I. 27237 is from locality 11; P.R.I. 27209
is from locality 14; also at locality D, and Chesapeake Bay
Bridge-Tunnel, well A-1 at 93 feet.

Lag ena sub strinta (Williamson)

Plate 5, Figure 3

Lagena substriata Cushman, 1930, Florida Geol' Surv., Bull. 4, p. 31,
pl. 5, fig. 14; Mclean, 1956, Bull. Amer. Pal., vol. 36, no. 160, p. 333,
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pl. 39, figs. 10a-b; Sabol, 1960, Bull. Amer. Pal., vol. 41, no. 191, p.
226.

Ocoulrrences.' The figured specimen is from well A-1 in the
Chesapeake Bay Bridge-Tunnel at a depth of 113 feet; dimension
of P.R.I.27274 is 0.25 mm long. Other records inelude localities
A-2, E-1, G-1.

Lagenw sulcuta (Walker and Jacob)

Plate 5, Figures 4, 5

Serpulo, (Lagena) sulcata Walker and Jacob, 1?98, Adam's Essays, p.
&34, pl. 14, fig.5.

Lagena, sulcata H. B. Brady, 1884, Challenger Rept., vol. 9, p. 462, pl.
57, figs. 2.3, 26,33, 34; Cushman, 1923, U. S. Nat. Mus. Bull. 104,
pt.4, p.57, pl. 11, fig. 1; Cushman, 19130, Florida Geol. Surv. BuIl.
4, p.31, pI.5, fig. 10;,Cu,shman and Ponton, 1932, Florida Geol. Surv.
Bull. 9, p. 63; Cushman and Cahill, 1933, U. S. Geol. Surv. Prof.
Paper 175-4, p. 16, pl, 5, fig. 10; Cu,shman and E1li,sor, 1945, Jour.
Pal., vol. 19, p.558; Bermudez, 1949, Cushman Lab. Foram. Res.,
Special Publ. 25, p. 118, pl. 10, fig. 48; Furi, 1953, Florida Geol. Surv.
Bull. 36, p. 103-104, p,l. 26, fig. 8.

Oceu,tT ences.' The usefulness of this species is marred by
inclusion of many diverse forms. The synonymy above specifi-
cally limits the form to those records that conform with the
author's delineation of the species. The Chesapeake region forms
that are equivalents are as follows : P.R.I. 27246 from locality 18
(0.29 mm in length) and P.R.I. 27163 from well A-11 near New-
port News at a depth of 65 feet (0.42 mm long). Other occur-
rences are locality 27, and, well A-11 from 52 to 85 feet.

Lagenu sp.

Plate 5, Figure 8

Ocsurrence.' The figured form is the only specimen found
in our collections and is figured for further reference. P.R.I.
27288,length 0.41 mm, from the Chesapeake Bay Bridge-Tunnel,
well A-1 at 93 feet.
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Lag enn tenui,s (Bornemann)

Plate 5, Figures 6, 7

Oauli,nn terutis Bonternann, 1855, Deutsch. Geol. Ges., Leitschr., Berlin,
Deutschland, Bd. 7, Heft. 2, p.317, pl. 12, fig. 3A-B (not Lagena am-
pulla Galloway and llerninway).

Galloway and Heminway (1941, p. 317) confused Borne-
mann's Oaul;i,nm tenuis with a variety which cannot be found in
the literature with any certainty; They designated the variety
as the type species for Lagerw ampulla. Oaulinn tenuis as figured
by Bornemann is quite clearly not the same as Lagenn a,m'pulla,
which has costae extending the length of the test, whereas
Bornemann's fig:ures show only a basal costation.

Ocaurcences.' Chesapeake Bay Bridge-Tunnel, well A-2 at
101 feet and from }ocality 18.

Age: Oligocene to Pleistocene.

Hapotape: P.R.I. 27289,length 0.25 mm and P.R.I. 27320,
length 0.38 mm.

Familv Pol,vuonpruNlDAE

Genus GuttulrNl d'Orbigny, 1839

Guttuli,nu au,str iaca d' O rbigny

Guttulinn austriaca d'Orbigny, 1846, Foram. Foss. Bass. Tert. Vienne,
p.223, pl. 12, figs. 2,3-25; Cush.man and Ozawa, 1930, U. S. Nat. Mus.'
Proc., vol. 77, art.6, p. 2,9-30, p1. 4, figs.3-5; Mclean, 1956, Bull'
Arner. Pal., vol. 36, no. 160, p. 333, pl. 40, figs. 1-3; Sabotr, 1960, Bull.
Amer. Pal., vol. 41, no. 191, p.227.

Ocan"rences.' This common species (see Mclean, 1956)
occurs at the following additional localities : A-2, E-1, G-1, J-1";

well A-11 near Newport News at 170 feet.

Guttul;itut palmerae Mclean

''' Guttulins pulmerae Mclean, 1956, Bull. Amer. Pal., vol. 36, no. 160, p.

333-334, pl. 4,0, figs. 4-7, 13. I
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Occurrences.' Originally described from the Yorktown For-
mation in 1956, this form occurs at these additional Yorktownian
localities: A-2, A-3, B-3, D, E-1, G-1, J-1.

Guttuli.na p s eud,o c o st atuln Mclean

Plate 5, Figure 9

Guttuli,na pseudocostatula Mc[-ean, 1g56, Bull. Amer. Pal., vol. 36, no.
160, p. 334, pl. 40, figs. 8, 10-11.

Occurrence,s: P.R.tr. 27194 (0.8b mm long) is figured from
the Coleman Bridge sectibn, well 3-N at a depth of 115 feet;
other occurrences are localities F-l and J-1.

Guthrline sp. A

Guttulina sp. A Melean, 1g56, 8u11. Amer. Pal., vol. ,86, no. 160, p. BB4,
335, pl. 40, fig.9.

Ocearrence.' A single occurrence of this form, originally
recorded by Mclean (1956) for the Yorktown Formation, was
found at locality E-1.

Genus Psnuoopol,yMoRpurNA Cushman & Ozawa. Lg28

P s eu.ilopolgmot phi,na rutiln ( Cushman )

Polgmorphina regina subsp. rutila Cushman, 1928, U. S. Geol. Surv.,
Prof. Paper 133, p. 84, pl. 5, figs. ?-8.

Pseudopolymorphina rutila Cushman and Ozawa, 1g3r0, U. S. Nat. Mus.,
Proc. vol.77,arl.6, p. 100, pI.2,6, figs. Ba-b; Cushman, 1980, Florida
Geol. Surv., Bull.4, p.36, pl. 5,fig.20 Cu,shman and ponton, 1g82,
Florida Geol. Surv., Bull.9, p.6?;,Cushman and Cahill, 1988, U. S.
Geol. Surv., Prof. Paper 175-A, p. 19, pl. 6, fig. 1.l; puri, 19b8,
Florida Geol. Surv., Bull. 86, p. 10b-106, pl. 21, fig. 18; Mclean, 19,56,
Bull. Arner. Pal.,.vol.,36, no. 160, p. 835, pl. 41, figs. 6-9, 16-1?; ,Sabol,
19,60, Bull. Aper. Pal., vol. 41, no. 1g1, p.227.

Ocatrrences.' Well documented as to typical forms and
variations in Mclean (1956), this species occurs in these addi-
tional Yorktown Formation localities: A-8, C, F-1, J-1.

23
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Genus SrcuovronpnrNl Cushman & Ozawa,1928

Sigmomorph'ina concaao (Williamson)

Polgmorphina lactea !ar. conca,aa Williamson, 1858, Recent Foram.
Great Britian, p.72, pl. 6, figs. 15t-752.

Sigmomorphind, concaa& Cushrnan and Ozawa, 1930, U. S. Nat. Mus.,
Proc., vol. 77, art.6, p. 139, pl. 38, figs. 5-?; Mclean, 195'6, Bull'
Amer. Pal., vol. 36, no. 160, p. 33'6, pl. 41, figs. 14, 18; Sabol, 1960,

Bull. Amer. Pal., vol, 41, no. l9l, p. 228.

Occumences: Typical individuals, as shown in Mclean
(1956) occur in the following additional localities: B-4, C, F-1,

G-l ; welt A-5 near Lam,bert Point at 85 feet; Chesapeake Bay

Bridge-Tunnel, well M-85 at 84 feet.

Si,gmomorphinn neai'f et'a CIaPP

Pgrulina ul'batrossi, Cushman and Cahill, 19'33, (not Cushman and

Ozawa), U. S. GeoI: Surv., Prof. Paper 1?5-A, P. 18'pI.6, figs' 5a-b'

Si;gmomorphina neoifera Clapp, 1948, MaryIand Dept. Geol'; Mines and

Water Resources, Bull. 2, p. 298, pl. 34, figs. 6, 7a4; Mclean, 1'956,

Bull. Amer. Pal., vol. 36, no. 160, p. 336-33?, pl. 41, figt. 3-5' 11.

Occtn'rences.' Clapp's form is found in the following new

localities i A-2, A-3, C, D, E-1, F-1, H.

Sigmomorplufutn pearceui, Cashman and Ozawa

Sigmomorphina pearcegi Cushrnan and Ozawa, 1930, U. S. Nat' Mus''
Proc. vol. '17, art.6, p. 132, pl. 35, figs. 2-3; Mclean, 1956' Bull'
Amer. Pal., vol. 36, no. 160, p. 387, pl' 41, figs. 13, 15.

Oceumence.' Locality C is the only new record for this form.

Si,g momoT phinn s emi,tecfa, subsp. ter quemiarm ( Fornasini )

Plate 6, Figures 1,, 2

S'igmont'orph'ina semi.tecta sttbsp, terquemiana Cushman and' Ozawa,

19'30, U, S. Nat. Mus. Proc., vol.77, art.6, p. 129-1'30, pl.33, figs' 4-

,5, pl. 34, figs. 2-3, pl. 35, fig. 1; Mclean, 1956, Bull. Amer. Pal', vol'

3,6, no. 160, p. 33?-338, pl. 41, figs. 12, 19-24; Sabol, 1960, Bull' Arner'

Pal., vol. 4L, no. l9I, p. 228.
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Oceurrences.'P.R.I. 27247 (length 0.35 mm) is an untypical
specimen that is tentatively included in the species; P.R.I.
27287 is the more typical form and measures 0.42 mm long.
Occurrences are: P.R.I. 272M from locality 10; P.R.I. 27281
from Chesapeake Bay Bridge-Tunnel, well A-1 at 84 feet;
other localities are : A-2, C, F-1, G-1, J-1, 18; well A-5 near
Lambert Point at 65 feet; well A-l-1 near Newport News at ?0
feet; Chesapeake Bay Bridge-Tunnel, well M-85 at 84 feet.

Sigmomwphi,nn sp.

Plate 6, Figure 3

Oecurrences.' This form, P.R.I. 27279 (0.84 mm long), is
from well A-2 in the Chesapeake Bay Bridge-Tunnel at 81 feet.
It cannot be assigned to any presently known form, and there
are not enough specimens available upon which to base a de-
scription of it.

Sig momorphhm wi,llinmsoza ( Terquem )

Potgm,orphina la,ctea, var. oblonga Williamson, 18b8, Recent Foram.
Great Britian, Ray Soc. London, p. 71, pl. 6, figs. 149-l4ga; Millett,
1903, Jour. Roy. Micr. Soe., p. 262,pL.5, fig. b; Cushman, 1929, U. S,
Nat. Mus., Bull. 104, pt. 4, p. t47, p1.40, figs. ? (?), 8a-b.

Polgmorphina williamsoni Terquem, 18?8, Mem. Soc. Geol. France, ser.
3, vol. 1, p. 37; Heron-Allen and Earland, 1982, Discovery Reports,
vol. 4, p. 39&394, pl. 12, figs. 26-28.

Sigmomorplvi,na uilliumsoryi Cushman and Ozawa, 1990, U. S. Nat, Mus.,
Proc. vol. 77, art.6, p, 139, pl. 88, figs. Ba-b, 4a-b; Boltovskoy, 1964,
Revista Inst. Nacional Invest. Ciencias Nat. y Mus. Argentino Cien-
cias Nat. "Bernadino Revadavia,', tomo B, no. 4, p. 272, pl. 24, fig,s.
2a-b;Mcl*an, 1956, BuIl. Amer..pal., vol. 86, no. 160, p. BBg, pI.42,
fus. 1-4.

Largngosi.gma, uilliamsoni Copeland (not others) , L964, Bull. Amer.
Pal., vol. 47, no. 215, p.2bB, pl. Bb, fig. 6.

Oceurrence.' A single specimen from locality E-l may be
the juvenile form of this species.



26 VrncrNrl DIVISIoN or Mrunnar, RESOURCES

Family NoNroNronr

Genus NouroN Montfort, 1808

N ani.on gratelowi, ( d'Orbigny)

Plate 6, Figures 5, 6

Nonioaina grateloupi d'Orbigny, 1826, Annales Sei. Nat. Paris, Vol. 7,

It.294, no. 19; d'Orbigny, 1839, in de la Sag'ra, Histoire phys. po'l'

and nat. de I'isle de Cuba, p. 46, pl. 6. figs. 6, 7; Fornasini, 1904'
Accad. sci. Ist. Bologna Mem., ser. 6, vol. 1, p. 12, pl. 3, fig. 5; Cush-
man,792l, U. S. Nat. Mus, Proc., vol. 59, p. 61, pl. 14, figs. 9-11;
Cushman, 7922, Carnegie Inst., Washington, Pub. 311, p. 55, pl. 9,

figs. 7, 8.

Noni.on grateloupi Cushman, 1930, U. S. Nat. Mus., Bull, 104, pt. 7' p.

10, pI. 3, figs. 9-11; pI. 4, figs. 1-4; Cushrrian, 1930, Florida Geol.
Surv., Bull.4, p.3,6, pI.6, figs. 1-3;,Cushman and Valentine, 1930,

Stanford Univ,, Dept. Geol. Contr., vol. 1; no. 7, p. 20, pl. 5, figs. 9a-
b; Cushman and Parker, 19,31, U. S. Nat, Mus, Proc., vol. 80, art. 3,
p. 10, pl.2, figs,6a-b; Cole, 19:31, Florida Geol. Surv., Bull. 6, p. 32,
pl. 7, figs. 7, 8; Cushman and Ponton, 1932, Florida Geol. Surv., BuIl.
9; p.68; Heron-Allen and Earland,1932, Driscovery Repts., vol. 4, p.
437, pl. 16, figs. 9, 10; Cnr,shrnan, 1983, U. S. Nat. Mus., Bull. 161' ptt.

2, p. 4"3, pl, 10, figs. 8a-c; Cushman and Cahill, 19,33, U. S. Geol.
Surv. Prof. Paper 1?$-A, p.20, pl. 7, figs. 1a-b; Cushman, 19.39, U.
S. Geol. Surv., Prof. Paper 191; p. 21, pl. 6, figs, 1-7; Cushman and
MeCulloeh, 1940, Allan Hancock Pacific Exped., vol. 6, no. 3' p. 153,
pl.17, frg. 2.

Notvioni,na Trunchtlata d'Orrbigny, 1839, Voya'ge Am. Merid., vol. 5, p. 28,

pl. 5, figs. 21,22.

Noruion cf, grateloupi Mclean, 1956, Bull. Amer. Pal,, vol. 36, no. 160,
p. 340, pl. 43, figs. ?a-b.

Occurrences.' Specimens that appear to be typical examples
of d'Orbigny's species occur in the following localities: P.R.I.
27152 (Iength 0.52 mm) from Coleman Bridge section, well 3-S
at 95 feet; P.R.I.27271 (length 0.42 mm) and P.R.I. 27267
(length 0.44 mm) are both from Chesapeake Bay Bridge-Tunnel,
well A-2 at 81 feet; others from Coleman Bridge section, well 3-N
at 155 feet; Chesapeake Bay Bridge-Tunnel, well A.1 at 84

feet. and well A-2 at 70 feet.
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N onion grateloupi Clapp

Plate 6, Figure 4

Notuion grateloupi Clapp (not others), 1948, Maryland Dept. Geol.,
Mines and Warter Res., Bull. 2, p. 800, pl. Bb, figs. 6a-c.

Clapp's N. grateloupi definitely is not the same as the
original species; it is a larger, more robust form with a dis-
tinotive umbilical button on one side, and pustules on the
umbilicus of the opposite side. P.R.I. Z7Lg0 is a typieal speci-
men, and is 0.79 mm long.

Ocsarrences; P.R.I. 27790 from Coleman Bridge section,
well l-NE at200 feet; also from well A-11 near Newport News
at 65 to 180 feet; Chesapeake Bay Bridge-Tunnel, well A-l at
84 feet and well A-2 at 70 feet.

Nonion med.iocostafzs ( Cushman)

Plate 6, Figures 7, 8
Noruiotaina medio-costa,ta Cushman, 1926, Contr. Cu,shman Lab. Foram.

Res., vol. L, fi,. 4, p. 8g-g0, pl. 18, figs. 1a-c.

Nowion medio-costatuna Cushman, 1g3g, U. S. Geol. Surv., prof. paper
191, p. 15, pI.4, figs.7-8; Clapp, 1948, Maryland Dept. Geol., Mines
and Water Res., Bull. 2, p. 800, pl. B,b, figs. 4a-c.

Nonion medliocostatus Mclean, 19b6, Bull. Am,er. pal., vol. 86, no. 160,
p. 339-340, pl. 42, flgs. la-e,7.

This is an important and distinctive guide species for the
pre-Yorktown beds in the Chesapeake region. Mclean (19b6)
discusses the form at length, and these additional records are
based upon his description as limited in that discussion. Cush-
man enlarged the species concept of this form to include in-
dividuals that are not equivalent to our forms. Dimensions:
P.R.I. 27182 is 0.57 mm at largest diameter; P.R.I. 27168 is
0.61 mm in maximum diameter.

Ocsurrences; P.R.I. 27L82 is from Coleman Bridge section,
well 3-S at 105 feet and P.R.I. 2I]i8 is from llb feet in same
well; other occurrences are: Coleman Bridge section, well'l-SE
at 118 feet,,well l-NE at 108 feet, well .1-NW at 1"18 feet, well
3-N a,t 115 feet; well A-5 near Lambert Point at 201.feet:-well
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A-11 near Newport News at 135 feet; Chesapeake Bay Bridge-
Tunnel, well A-1 at t23 feet; well at Franklin, Virginia, at 80
feet.

Noni,on pizarrensis (W. Berry)

PlateT, Figures 1,2

Nonionina boueana Cu,shman, 1918, (not d'Orbigny), U. S. Geol. Surv.'
Bull. 6?6, p. 68, pI. 25, fig,. 3.

Nonion pizarrensis W. Berry, 192,8, Jour. Pal., vol. 1, p.269, text fig. 1,

figs. 1-3; Cushman, 1,930, Florida Geol. Surv., Bull.4, p.37, pl' 6,

figs. 7-8; Cu'shman and Ponton, 19,32, Florida Geol. Surv., Bull. 9, p.

69; Cushman and Cahill, 1933, U. S. Geol. Surv., Prof. Paper 175-4,
p.20, pl.7, figs.2a-b; Mclean, 1956, Bull. Amer. Pal., vol.36, no.
160, p. 340, pl. 42, figs. 6, 8, 10, 12; Sabol, 1960, Bull. Amer' Pal.,
vol. 41, no. 191, p.228.

Noruion pizarrense Cushman, 1939, U. S. Geol. Surv., Prof. Paper 191, p.
24, pl. 6, fig. 27; Clapp, 1948, Maryland Dept. Geol., Mines and
'Water Res., Bull. 2, p. 300, pl. 35, figs. 6a-c; Puri, 1953, Florida
Geol. Surv., Bull. 36, p. 145.

P.R.I. 27191 (0.77 mm at largest diameter) is not an en-
tirely typical specimen; typical ones are figured by Mclean
(1956). This form may be confused with Clapp's N. grateloupi,
but it lacks the umbilical button of Clapp's form. P.R.I. 27L89
(diameter 0.72 mm) is a typical specim,en.

Occurrences: P.R.I. 27189 is from well 1-SW, and P.R.I.
27l91is from well 3-S in the Coleman Bridge section at 105 feet;
others from the same section are: well l-SW at 123 feet, l-SFl
atl28 feet, l-NE at 108 feet, l-NW at 118 feet,3-N at 115 feet;
also in well A-5 near Lambert Point at 85 feet; well A-11 near
Newport News at 135 feet; Chesapeake Bay Bridge-Tunnel,
wells A-1at 84 feet, A-2 at 70 feet, well M-85 at34feet; localities
A-2, A-3, C, F-1, J-1; well at Franklin, Virginia, at 70 feet.

Noni,on sp.

Small, nondescript, and badly damaged specimens of Noninn
occur throughout the record, but are mainly confined to the
Pleistocene beds in the Chesapeake Bay region.
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Genus NouroNeu,R Cushman, 1926

Noruionella auris (d' Orbigny)

Plate 7, Figures 3, 4

Valt:ulina auNs d'Otbigny, 1.8,3g, Voyage dan,s I'Amerique meridionale,
vol. 5, pt. 5, Foraminiferes, p. 47, pl.2, figs. 15-17.

Notuionina aaris Cushman, 1g25, Contr. Cu,shman Lab. Foram. Res.. vol.
I, pt. 2, p. 44, pl. T, figs. Ba-c.

Nonionella auris Cwshman, 1g80, Florida Geol. Sutv., Bull. 4, p. Bg, pl,
7, figs. 1a-c; Cushman and Cahill, 1989, U. S. Geol. Surv., prof.
Paper 1?5-A, F. 2L, pl. ?, figs. 6a-b; Cushman, 19,39, U. S. Geol.
Surv., Prof. Paper 1g1, p. BB, p'1. g, fig. 4; Clapp, 194g, Marylan.d
Dept. Geol., Mines and Water Res., Bull. 2, p. 801, pl. 85, figs. Ba-c;
Melean, 1956, Bull. Arner. pal., vol. 36, no. 160, p. 341, pl. r[f}, figs.
1, 4; Sabol, 1960, Bull. Amer. pal., vol. 41, no. 191, p, 2Zg.

Nonianella pseudo-auris,Cole, 1931, Florida Geological Suw,, Bull. 6, p,
32-33, pl. 5, figs. 4, b.

Ocetwrences: Typical sp,ecimens of this form are here
figured; P.R.I. 27160 (0.42 mm at largest diameter) is from
well A-11 near Newport News, at 80 to g1.6 feet, and p.R.I.
27203 (0.40 mm at largest diameter) is from locality g9. Other
localities include: coleman Bridge section, welt l-sw at r2B feet,
well 3-S at 160 feet, well l-NE at 154 feet, well 1-NW at lbg
feet; well A-5 near Lambert Point at 40.feet; Chesapeake Bay
Bridge-Tunnel, well A-1 at 84 feet, well A-2 at 81 feet, well
M-85 at 88 feet; well at Franklin, Virginia, at 80 feet.

Genus Elpurnruu Montfort, 1808

E lphiili.um ada enn ( Cushman )

Plate 7, Figure 5
Polgstomella crispo ,Cushman, 1918, U. S. Geol. Surv., Bull. 6?6, p. 69-

70, pL.27, figs. 5a-b.

Polystomella adaena Cushman, Ig2Z, Carnegie Inst. Washington, pub.
No. 311, p. 56, pl. 9, figs. 11-12.

Etphidium adaenum, Cushman, 1gg0, U. S. Nat. MLrs., Bull. 104, pt. T, p.
25, pl. 1.0, figs. 1-2; Cushman, 1g80, Florida Geol. Surv., Bull.4, p,
40, pt.7, figs. Ta-b; Cu.shman and Ponton, 1982, Florida Geol. Surv.,
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Bull. 9, p. 70, pl. 11, figs. 1a-b; Cushman and Cahill, 19'33' U. S.

Geol. Surv., Prof. Paper 175-A, p. 22, p7. ?, figs. 10a-b; Cushman,
1'939, U. S. Geol. Surv., Prof. Paper 191, p.60-61, pl. 16, figs. 31-35;
Puri, 1953, Florida Geol. Surv., Bull. 36, p. \46-147.

Elphid,iu.m adaena Mclean, 1956, Bull. Amer. Pal., vol. 36, no. 160, p.
g4l-342, pl. 43, figs. 5a"b.

Ocmtrrences.' This very rare species is represented by two
specimens: P.R.I. 27159 (0.41 mm diameter) is from well A-11
near Newpor;t News at a depth of 80 to 8tr.6 feet; the other
specimen comes from locality F-1.

El,ph,i'di'um clau etunx Cushman

Plate 7, Figures 6-8

Elphid,ium incertum (Williarnson) var. claaatum Cushman, 1930, U. S.

Natl. Mus. Bull. 104, pt. 7, p. 20, pl.7, figs. 10a, b; 'Cushman, 1939,

U. S. Geol. Surv., Prof. Paper 191, p.57, pI.16, figs.1,21 Cushman,
1944, Special Pub. 12, Cushman Lab. Foram. Researeh, p. 25, pl.3,
figs.32,33; Cushman, 1948, Specia,l Pub. 23, Cushman Lab. Foram.
Research, p. 57, pl. 6, fig. 8.

Etphidi,um claoatum, Weiss, 1954, U. S. Geol. Surv., Prof. Paper 254-G,
p. 160, pl. 32, figs. 12-14.

P.R.I. 27L62 is a specimen at one end of a series which
grades into forms typically developed in specimens P.R.I. 2TL56
with marked retral processes. Weiss notes the relationship of
this form to E. florentinae, but retains the species-separation of
the two forms. P.R.I. 27L62 is 0.40 mm in diameter, and the
largest specimen in slide P.R.I. 27156 is 0.41 mm in diameter.

Ocaurrences.' P.R.I. 27162 from well A-11 near Newport
News at 100 to 101.6 f,eet; P.R.I. 27156 fnom same well at 80 to
81.6 feet; others from Chesapeake Bay Bridge-Tunnel, well A-2
at 161 feet and well M-63 at 73 to 154 feet.

Ebhidhnn incertum (Williamson )

Polgstomella umbil:icatula var. 'i,ncerta Willi'amson, 1858, Recent Foram.
Great, Britain, D. 44, pl. 3, figs. 82, 82a.

EtphidiwlL i.ncertum Cushman, 1930, U. S. Nat. Mus', BulI. 104, pt. ?, p.

18, pl. ?, figs. 4-9'; Cushman, 1930, Florida Geol. Surv., Bull. 4' p' 39,

pl. ?, figs.2a-b; Cushman and Cahill, 1933, U. S. Geol. Surv., Prof.
Paper 1?5-A, p.2I, pl. 7, fig: 8; Cushman, 19'39, U. S. Geol. Surv',
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Dimension

0.35 mm
0.36 mm
0.38 mm
0.38 mrn
0.41 mm
0.51 mm

0.38 mm
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Prof. Paper 191, p. b?. pl. 1b, figs. 2l-24; Mclean, 1956, Bull. Amer.
Pal., vol. 36, no. 160, p. 842, pl.43, figs. 2_8.

Elpltid,ium limatulum Copeland, 1964, Bull. Amer. pal., vol. 47, no. 215.
p. 263-2M, pl. BT, figs. ba_b.

ocanrq"ences.' Typicar specim,ens of this form occur in well
3-N at 75 feet in the Coleman Bridge section, and in well A_11
near Newport News at T0 feet.

E Lplddium f lor entinae Shupack

Plate 8, Figures 1-T

Elphidium florentinae Shupack, 1934, Am. Mu,s. Novitates ?B?, p. 9, pl.,
figs. 5a, b; Weiss, 1954, U. S. Geol, Surv., prof. eapet'iSn_e, p.
159-160, pl..82, figs. 8-11.

Elflid,iuyr brooklgnense Shupack, 193,4, Am. Mus. Novita,tes ?BT, p. 10, pl.
ng's. '/a, b.

Elphidium incertum_ (Williamson) var. clantatum Cushman, Voor,thuy-
sen, 1949, Nederland.s.ch Geol..Mijnb. Genoot, Verh. Geol. ser., Deel
15, stuk 1, p. 6b, pl., figs. 4b, c.

__ Shupack's species is potentially the single most important
Pleistocene guide marker for the Chesapeake region; for this
reason' we have illustrated a comprete series of variants of theform as it appears in our collections. The dimensions, occur_
1-enges, and type numbers are tabulated below, followed by a
listing of all known occurrences of the form in the region:

P.R.I. No.

27170
27241

27234
27215
27219
27r58

27217

oca.urences: other rocarities are as folows: locarities 5, 10,
18, 26, 27, 3!, 36, 89; Coleman Bridge section, well _B-N at ?b
feet; well A-5, near Lambert point, iS to ZOO feet; well A_11,

Locality

54

8

30

7

37

Well A-11
81',-91.6',

11
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near Newport News; 45 to 100 feet; Chesapeake Bay Bridge-
Tunnel, well A-1, 84 feet, well A-2, 70 feet, well M-85, 84 feet'
well M-62, 45 to L79 feet, well M-63, 73 to L64 feet, and well M-
65. 70 to 124 feet.

Elpluid;i,um j ohnstonne Mclean

Etphid.ium johnstonae Mclean, 195'6, Bull. Amet. Pal., vol. 36, no. 160,

p. 343, pl. 42, figs. 9, 18, pl. 44, fr9s.3-5, 7.

Nonion d.ecoratus Copeland (not other,s), 1964, Bull. Amer. Pal., vol.
47, no.215,b.259, pl. 37, figs. 1a-b.

Occumences: Copeland's form, listed in synonymy above,

seems to be this form; additional records are: localities A-2, B-3,
H. See Mclean (1956) for descriptions and figures of the
species.

Family BuLtuntroln

Genus BulturNnr,la Cushman, 1911

Buli,minella ele g anti,s si'm'cr ( d' Orbigny )

Plate 9, Figures 1-3

Bulimina elegantissimn d'Orbigny, 1839 (1843), Voyage Am. Merid''
vol. 5, pt. 5, p. 51, pl. ?, figs. !3, !4; Williamson, 1858, Recent Brit-
ish Forarn., p.64, pI.5, figs. 13'4, 135; H. B. Brady, 1884' Challenger
Rept., ZooI., vol.9, p. 402,pt.50, figs.20-22; Sidebottom, 1905, Man-
chester Lit. Ph.ilos- Soc. Mem. and Proc., vol. 4,9, no. 5, P. 7I, pl. 2,

fis. 6.

Buliminella elegantissima Cushman, 1911, U. S. Nat. Mus', Bull. 71, pt.
2, p, 89; Cu,shman, 1925, Cush.man Lab. Foram. Res. Contr., vol. 1,

pt. 2, p.40, pl. 6, figs. 5a-b; Cushman and Kellett, !929,V- S. Nat.
Mus. Proc., vol. ?5, art.25, P. 6, Pl.3, figs. 1-3; Cushman and Wick-
enden, 1929, U. S. Nat. Mus. Proc., vol. 75, ant. 9, p. 8, pl. 3, figs. 12a'
b; W'iesner, 1929, Deutsche Sud-Polar Exped., vol. 20, Zoo1., p. 124,
pl. 19, figs. 235,236; Cushman, 1930, Florida Geol. Surv., Bull. 4, p.

42, pl. 8, figs. 2, 3; Cushman, Stewart and Stewart, 1930, San Diego
Soc. Nat. Hi.story Trans., vol.6, no.2, p. 64,p7' 4, figs. ?a-b; Cush-
man and Parker, 1931, U. S. Nat. Mus. Proc., vol. 80, art. 3, p. 13, pl.
3, figs. 12,13; CoIe, 1931, Florida Geol. Surv., Bull' 6, p. 39, pl. 2, fig.
8; Cushman and Ponton, 1932, Cushman Lab. Foram. Res. Contr., vol.
8, pt. 3, p. 6?, pl. 8, figs. 20, Zlt Howe and Wallace, 1932, Loui'siana
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Geol.,Surv. Bull. 2, p. 61, pl. 11, fig. B; Cushman, 1988, Cushman La.b.
Foram. Res., Spec. Pub. no. 4, pl.22, fig. B; Cushman and Cahill,
193,3, U. S. Geol. Surv., Prof. paper 1?b-A, p. 28, pl. ?, figs. i.B, 14;
Barbat and Johnson, 1984, Jour. pal., vol. g, p.12, pl. 1, figs. IZ, IB;
Kleinpell, 1938, Bull. Amer. Assoc. petrol. Geol., p. 249, pl. 16, fig.
10; Cushman and Henbest,1940, U. S. Geol. Surv., prof. paper 1g6-
A, pl. 9, fig.20; Hanna and Hertlein,'J_g41, Sta,te of Calif. Div.
Mines, Bull. 118, pt.2, p. 178, fig. 6T (plate), figs. b-?; Cushman, 1944,
Special Publ. No. 12,,Cushman Lab. Foram. Res., p. 27, pl. B, figs. 48,
44; Cushman,1945, Contr.,Cushman Lab. Foram. Res., vol. 2I, pt. l,
p,7, pl. 2,fi.g.6; Clapp, 1948, Ma.ryland Dept. Geol., Mines, and Water
Res., Bull; 2, p. 802-808, pl. 86, fig. 2.

Buliminella cf. elegantissima (d,Otbigny), Mclean, 1956, Bull. Amer.
Pal., vol. 36, no. L60, p.844, pl. 44, figs. 11a_b.

Occurrences: As we have this species, it varies somewhat in
outline; the figures here included show the var,iations. p.R.I.
27232 (0.37 mm long) is from tocality 11; p.R.I. ZTZZ\ (0.99
mm long) is from locality BZ; p.R.I. 272g6 (0.86 mm long) is
from locality 30; other localities are : B-4, C, D, E-1, F-1, J-l, 1g,
26,27,31, 36, 54; well A-11 near Newport News at 13b feet;
Chesapeake,Bay Bridge-Tunnel, well A-1, at 84 feet, well A-2 at
70 feet, well M-85 at 98 feet.

Genus Bur,rurNa, d,Orbigny, 1g26

Bukrwtrua gracilds Cushman

Plate 9, Figures 4, 5
Bulinvina gracilis C,ushman, 19,80, Florida Geol. Surv., Bull. 4, p. 48, pl. g,

figs. 5a-b; Cushman and ponton, 1g82, Florida Geol. Surv., Bull. g,
p. 76; Cushman and Cahill, 1ggg, U. S. Geol. Surv., prof. paper lTb_A,
p.24, pl.7, figs. 16a-b; ,Cushrnan, 1986, Geol, Soc. Amer., Bull. 47,
p.431, pl.5, figs.8a-b; Mclean, 1956, Bull. Amer. pal., vol. 86, no.
160, p. 344-345, pI.44, figs.6,8-10; Sabol,1g60, Bull. Amer. pal., vol.
41, no. 191, p.229.

Buliminu elongata, Cusihman and parker, 1937, (not d'Orbigny), Contr.
Cu,shman Lab. Foram. Re,s., vol. lB,pt,2, p.4g, pI.7, figs. la_b, Ba_b,
(not 2a-ib); C,ushman, 1946, (not d,Orbigny), U. S. Geol. Surv., prof.
Paper 210-D, pl. 25, figs. 16a-c (not others); Clapp, 194g, (not d'Or-
bigny), Marylarrd Dept. GeoL, Mines, and Water Res., Bull.2, p.308,
pl. 36, figs. 5-6.

Occurrences: This is an important marker form for separa-
tion of Pleistocene and Miocene beds locally, as it seems not to
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occur in the Pleistocene in this region. Both figured forms are
from slide P.R.I. 27t67, and the largest specimen is 0.71 mm
long. The figured forms are from the Coleman Bridge section,
well 1-SE at 180 feet: other new occurrences are: localities A-1'
A-2, B-4, C, E-1, F-1, G-1, J-1; Coleman Bridge section, well 1-

SW at 160 feet, well 1-NE at L24 feet, well 1-NW at 158 feet,
well 3-N at 115 feet; well A-5 near Lambert Point at 175 feet;
well A-11 near Newport News at 135 feet; Chesapeake Bay
Bridge-Tunnel, well A-1 at 84 feet, well A-2 at 70 feet, well M-85
at 84 feet; well at Franklin, Virginia, at 70 to l-10 feet.

Bulimi,rm, gractli,s subsp. calaeri Mclean, n. subsp.

Plate 9, Figure 6

Descdpti'on: This subspecies differs f.rom Buli'mi,na gracilis
in having a stubby but definite basal spine. Otherwise, it is en-

tirely similar to the species. The spine may be an ecological or
environmental variation of this species, as Foraminifera seem to
have the capacity to acquire specialized ornamentation due to
favorable environments, but this change in ornamentation due

to such controls is a validr biological criterion for establishing a
subspecies.

Dimension of Holotype P.R.I. 27298 is 0.72 mm long.

Remarks: Named in honor of Dr. James L. Calver, State
Geologist of Virginia.

Occurrence: Chesapeake Bay Bridge-Tunnel, well A-2 at a
depth of 81 feet.

Age: St. Marys (Miocene).

Buli,mi,na i,nf lata Seguenza

Plate 72, Figure 7

Bulimina inflata Seguenza, 1862, Accad. gioenia sci. nat. Atti, 2d ser.,

vol. 18, p. 109, pl. 1, fig. 10; H. B. Brady, 1884, Rept. Challenger,
7,oo1.,vol.9, p.406, pI.51, figs. 10-13; Cushman, 1921, Bull. U. S. Nat.
Mus., no. 100, vol.4, p. 160, pl.31, fig.6; Cu'shman, 1922, Bull. U' S.

Nat. Mus., no. 104, pt.3, p.93, pI.21, fig. 1; Cole, 1927, Bull. Amer'
Pal., vol. 14, no. 51, p.25, pl. 3, fig. 12; Cushman,1929, Contr. Cu'sh-

man Lab. Foram. Res., vol. 5, pL. 4, p. 94, pl. 13, fig. 31 ; Cushman,

1930, Florida Geol. Surv., BuIl' 4, p. 43, pl. 8, figs. 6a, b; Cushman and
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Ponton, 19E2, Florida Geol. Surv., Bull. g,p. ??; Cushman and Cahill,
19,33, U. S, Geol. Surv., Prof. Paper 1?5-A, p, 24, pl. 8, figs. 1a, b.

Ocmwrence: P.R.I. 27207 is 0.4? mm long and comes from
locality 89; deterioration of the test made accurate r,endition of
the form impossible, but there is no doubt as to the identity of
the species. The sample labeled "89" is not identifiable as to
locality or age, partly because of a mixup in numbering by the
collector.

Bul;imiyua cf . preucantltia McLean

Plate 12, Figure 8

Bulinuina preacanthia Mclean, 1956, Bull. Amer. Pal,, vol. 36, no. 1610,
p.345-346, pl. 45, flgs. 2-3, T.

Ocanrences: The figured specimen (P.R.I. 27761) meas-
ures 0.29 mm long and is from well A-11 near Newp,ort News at
a depth of 65 feet. The figured form is somewhat damaged and
is somewhat untypical for the species which is described and
illustrated in Mclean (1956). Typical specimens of the form
occur at: Iocalities A-2, C, E-1; well A-5 near Lambert Point at
185 feet; and at 385 feet in well A-11 near Newport News.

Genus ENrosor,pxr.q, Ehrenberg, 1848

Entosoleruia bi,fida Mclean, n. sp.

Plate 9, Figure 9
Descri,ption: Test small, smoothly oval ,in outline, compress-

ed in cross section; outer periphery ornamented with a thickened
process or low keel; a part of the test is slightly channeled at the
apertural portion both along the keel and at either face of the
test towards the aperture; aperture a simple round opening with
an entosolenian tube that is bifid at the basal portion and shows
an apparent channel along the length of the tube; wall very thin,
calcereous, glassy; this form is extremely fragile.

Holotype: P.R.I. 27292, length 0.28 mm, width 0.14 mm,
thickness about 0.07 mm.

Remurks: This form does not resemble any species listed in
the Ellis and Messina Catalogue of Foraminifera and is presum-
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ed to be entirely new; it is exceptionally fragile and very rare,
and questionably is of either Pleistocene or Miocene derivation,
as the holotype is from well A-1 at the Pleistocene-Miocene con-
tact.

Ocatrrence: Well A-1 at 84 feet, Chesapeake Bay Bridge-
Tunnel.

Age: Pleistocene ( ?), Miocene ( ?).

Entosoleruia carteri Mclean

Plate 9, Figure 7

Lagena cf. marginato-perf oruta 'Cushrnan, 1930, Florida Geol. Suw., Bull.
4, p.32, pl. 5, fig. 5; Cushman and Cahill, 19,33, U. S. Geol. Surv.,
Prof. Paper 175-4, p.17, pl. 5, figs. 15a-b.

Lagena (Entosolenia?) carteri Mclean, 195,6, Bull. Arner. Pal., vol. 36,
no. 160, p.330, pl.39, figs. 13a-b.

Occurrences: In addition to P.R.I. 27276 (which is 0.22 mm
long) and comes fr,om well A-2 from the Chesapeake Bay Bridge-
Tunnel at a depth of 70 feet, the following new records are re-
corded: Iocalities C, F-1, J-1; Chesapeake Bay Bridge-Tunnel,
well A-L at 93 feet and well M-85 at 93 feet.

Entosoleni.a carteri form alpha Mclean

Lugena (Entosolenia?) carteri form ulpha Mclean, 1956, Bull. Amer.
Pal., vol. 36, no. 160, p. 3,30, pl. 39, fig. 9.

Occurrences: This species, as described by Mclean (1956),
occurs in the following localities: A-3, C, E-l-, F-1.

E nto solerui,a nodo sa Wiesner

Plate 9, Figures 8a, b

Lagena (Entosolenia) nodosa Wiesner, t93t, in von Drygalski, Deutsehe
Sudpolar- Expedirtion, 1901-1903, Berlin U. Leipzig, Deutschland; de

Gruyter, 1931, Bd. 20 (Zool. Bd. 12), p.122.

A specimen which appears to be similar to Wiesner's species
was found at locality 10. The specimen found measures 0.32 mm.
According to Wiesner this species comes from the South Polar
region at a depth of 385 meters.
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Occttrrence: Locality 10.

Age : Pleistocene-Recent.

Hypotype: P.R.I. 27251.

Entosoletuia spp.

Plate 9, Figure 10

Oca,wrences: Small, fragile, nondescript entosolenids occur
atthefollowingplaces: localitiesA-8, E-1, F-1, J-1, 10, 14; Ches-
apeake Bay Bridge-Tunnel, well A-1 at 84 to 108 feet and well
M-85 at 84 to 184 feet. P.R.I .27222 is 0.82 mm long and is from
locality 14. Only one form is figured.

Genus Vmcur.rNa d'Orbigny, 1-826

Vt rgul;ina punctata d'Orbigny
Vi,rgulina punctata d'Orbigny, l8gg, in de la Sagra, Histoire phys. pol. &

nat. de l'isle de Cuba, p. 1,3,9, pl. 1, figs. 85-86; Cushman, 1922, Car-
negie Inst. Washington, Publ. B11, p.81, pl. B, fig.9; Cushman, 1930,
Florid.a Geol. Surv., Bull.4, p.44, pl. 8, figs. ?a-b; Cushman and
Cahill, 1933, U. S. Geol. Surv., Prof. Paper 175-4, p. 25, pl. 8, figs.
8a-b; Cushman, 1937, Spec. Publ. No. 9, Cushman Lab. Foram. Res.,
p. 23-24, pl. 3, figs. 25-27; Pttti, 1958, Florida Geol. Surv., BuIl. 86,
p. 118-119, pt.29, figs. 6-7; Parker, 1954, Bull. Mus. Comp. Zool.,
Harvard Univ., vol.3, no. 10, p.513, pl. ?, fig. 11 ; Mcl,ean, 19,56,
Bull. Amer. Pal., vol. 36, no. 160, p. 846, pl. 44, figs. L2a-h, pl. 45,
figs. 1a-c.

Occu,rrences: This form, as described and figured by Mc-
Lean (1956), also is recorded for localities C and 18.

Genus BolrvrNl drOrbigny, 1889

B ol;i,a i,rm, f lor idanu C ushman

Boliaina floridana Cushman, 1918, U. S. Geol. Surv. BuIl. 676, p. 47, pl,
10, fig, 4; Cushman, 1930, Florida Geol. Surv., Bull. 4, p. 46, pl. 8,
figs. 15a-b; Cushman and Parker, 1931, Contr. Cushrnan Larb. Foram.
Res., vol. 7, F.9, p7.2, fig,2; Cushman and Ponton, 1982, Florida
,Geol. Surv., Bull.9, p.82; Cushman and Cahill, 1938, U. S. Geol. Surv.
Prof, Paper 175-A, p. 26, pI. ll, figs. 11a-b; Barbat and von Estorff,
1933, Jprlr. Pal. vol. '1, p. !65; Cushman, 1g37, Cu,shman Lab. Foram.
Res. Speeial PubI.9, p.85, pI.10, figs. Z,3; Kleinpell,1988, Bull.
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Amer. Assoc. Petrol. Geol., vol 22,p.271, pl. 12, fig. 1; Ellisor, 1940,
BuIl. Amer, Assoc, Petrol. Geol., vol. 24, no. 3, pl. 5, fig. 201' Palmer,
1940, Mem. Soc. rCubana Hist. Nat,, vol. 14, no. 4, p. 299, pL.51, figs.
1, 2; Palmet, 1941, Mem. Soc. Cu ana Hist. Nat., vol 15, no, 3, p. 303,
pI.31, fig.4; Clapp, 1948, Maryland Dept. Geol., Mines, and Water
Res., BuIl. 2, p. 30,&307, pl. 36, figs. 15a-ib; Puri, 1953, Florida Geol.
Surv,, Bull. 36, p. 120, pl. 22, figs. 9, 10.

Boliaina decussata, Cushman, 1925 (not Brady), Contr. Cushman Lab.
Foram. Res., vol. 7, pt, 2, p. 31, pl. 5, figs. 6a, b.

Ocatrrences: This species is a marker locally for the Chop-
tarik Formation; some specimens of B. lnfauettez resemble this
form, but are not the same. ,specimens refer.red to locality G-l
are probably extreme variants of. B. lafWettei. B. floridarua is
redepositional in localities 10,11,14; it is present at 93 to 113
feet in well A-1 of the Chesapeake Bay Bridge-Tunnel.

B oliaina laf ay ettei, Mclean

Plate 10, Figures 1, 2

Bolbina lnfagettei, Mcl,ean, 1956, Bull. Amer. Pal., vol. 36, no. 160, p.
346-347, pl. 45, figs. 6, 8.

Occurrences: P.R.I. 27278 (0.33 mm long) is from Chesa-
peake Bay Bridge-Tunnel, well A-2 at 70 feet; P.R.I. 27238 (0.28
mm long) is from locality 11, and is not entirely typical of the
species; other occurrences are: localities C, D, E-1, F-1, J-1,5,
14, 18, 27; Chesapeake Bay Bridge-Tunndl, well A-1 at 84 feet.

B oli,ai,na mar gfuwta Cushman

Bolidnu marginata Cushman, 1918, U. S. Geol. Surv. Bull. 676, p. 48,
pl. 10, fig. 1; Cushman, 1925, Contr. Cushman Lab. Foram. Res., vol'
L,Pt.2, p,30, pI.5, figs.5a-b; Cushman, 19;30, Florida Geol. Surv.
Bull. 4, p. 45, pl. 8, figs. 9a-b; Cushman and Laiming, 1931, Jour. Pal.,
vol. 5, p. 110, pl. L2, figs. 6-8; Cushman and Parker, 1931, Contr.
Cushman Lab. Foram, Res., vol. 7, pt. l, p. 9, pl. 2, fig. !; Cushman
and Ponton, 1932, Florida Geol. Surv. Bull. 9, p. 81; Barbat and von
Estorfr, 1933, Jour. Pal., vol. 7, p:771, pl. 23, figs. I4a,b; Cushman
and Cahill, 1933, U. S. Geol. Surv. Prof. Paper 175-4, p. 2.5, pl. 8,

figs.9a, b; Cushman, 1937, Cushman Lab, Foram. Res. Special Publ.
9, p. 86, pl. 10, figs. 4-6; Puri, 195,3, Florida Geol. Surv..'Bull. 36,
p. L20-127.

Botioina cf. marginato Clapp, 1948, Maryland Dept. Geol., Mines, and
Water Res., Bull. 2, p. 306, pl. 36, figs. 16a-b.
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Oceurrences: Specimens tentatively assigned to this form
are found at locality C and in well A-1 at 113 feet in the Chesa-
peake Bay Bridge-Tunnel.

B olinsinu mnr g i,nata subsp. multico stuta Cushman

Plate 11, Figures 2, 3

Boliafun a,ernariensis subsp. mru,It;icosts,ta Cushnan, 1918, U. S. Geol.
Surv. Bull. 6,76, p. 48, pI. 10, fig. 2.

Boliuina m.arginata subsp, mutticostata Cushman, 1g80, Florida Geol.
Surv. Bull. 4, p. 46, pl. 8, figs. 13, 14; Cushman and Ponton, 19,32,
Florida Geol. Surv., Bull.9, p.82; Cushman and Cahill, 1999, U. S.
Geol. Surv. Prof, Paper 175-A, p. 25, pl. 8, figs, 10a, b; Cushman,
1937, ,Cu,shman Lab. Foram. Res. Special Publ. 9, p. 8?, pl. 10, figs.
7-10; Furi,1953, Florida Geol. Surv. Bull.36, p.l2l, pl.22, figs.3-6.

Occurrences: This form was found in well A-1 of the Chesa-
peake Bay Bridge-Tunnel; P.R.I. 27282 (a megalosphaeric form
measuring 0.40 mm long) is from 113 feet; P.R.I . 27280 (a mic-
rosphaeric form measuring 0.50 mm long) is from 84 feet.

Bol;iai,na pa,lrl,a Cushman and Cahill

Plate 10, Figures 3-7

Bolipina paula Ctslbman and Cahill, 1932, M. S. in Cushman and Ponton,
Florida Geol. Surv., Bull. 9, p. 84, pl. 12, figs. 6a-b; Cushman and
Cahill, 1933, U. S. Geol. Surv., Prof. Paper 175-A, D. 2,6, pl. 8, figs.
14a-b; Cushman, 1937, Cushman Lab. Foram. Res., Spec. Pub. no. 9,
p.91, pl. 11, fig.9; Cushman and McGlaniery, 1938, U. S. Geol. Surv.,
Prrof. Paper 189-D, p. 107, pI.25, figs. !4, 18, 19; Clapp, 1948, Mary-
Iand Dept. Geol., Mines, and Water Res., Bull. 2, p.307, pI.36,
figs. 20a-b.

P.R.I. No.

27295

27296

27297

27212

27233

Dimensions

0.33 mm

0.21 mm

0.31 mm

0.25 mm
0.27 mm

Locality

Well A-2 at 70
feet

Well A-2 at 70
feet

Well A-2 at 70
feet

Locality 18

Locality 11

39



40 VrncrNrn DrvrsroN or MrNnmL REsouRcEs

Other occurrences: Local,ities C, D, E-L, F-1, 10; Coleman
Bridge section, well l-NE at 124 feet; well A-5 near Lambert
Point at 100 feet; well A-11 near Newport News at 165 feet;
Chesapeake Bay Bridge-Tunnel, well A-1 at 84 feet, well A-2 at
70 feet, well M-85 at 93 feet.

Bol;iai.na pl;i.catelln subsp. me,ra Cashman and Ponton

Plate 10, Figure 9

Bolioina plicatella var. n1,era Cushman and Ponton, 1932, Florida Geol.

Surv., BuIl. 9, p.82, pl. 12, fig:s. 4a, b; Cushman, !9&7, Cushman Lab-

Foram. Res. Special Publ. 9, p. 90, pl. 11, figs. 5-8; Puri, 1953, Florida
Geol. Surv., Bull. 86, p. 722, pl. 22, frgs. ll, 12.

Occurrence: A single specimen, found in well A-1 of the
Chesapeake Bay Bridge-Tunnel at a depth of 165 feet, seems to
be this species, although it is longer and slenderer than the de-

scribed species: P.R.I. ZT\LT, length 0.43 mm.

B oliaina stri,atuln Cushman

Plate 10, Figure 11-

Plate 11, Figure 1

Bolioina striatula Cushman, 1922, Carnegie Inst. Washington, Pub. 311'

Ft. 27, pl,3, fig. 10; Cole, 1931, Florida Geol. Surv., Bull. 6, p- 47, pl. 2,

fig. 9; Cushman, 193?, Cushman Lab. Foram. Res., Spec. Publ. 9, p.

154-155, pl. 18, figs. 30-31; Post, 1951, Publ. Inst. Marine Science, vol'
2, no.7, p. !74, pl. 1, fig. 19; Bol,tovsky, 1954, Revista del Inst.
Nacional Invest.'Ciencias Nat. y Mus. Argentino Ciencias Nat. "Ber-
nadino Rivadavia," tomo 3, no.4, p.281, pl. 26, figs. 2a-b; Mclean,
1956, Bull. Amer. PaI., vol.36, no. 160, p.347, pI.45, figs.4a-b.

Oceuryences: P.R.I. 27279 (0.37 mm long) is a badly eroded

specimen from well A-1 at 84 feet in the Chesapeake Bay Bridge-
Tunnel; P.R.I. 27290 (0.40 mm long) is an excellently preserved

specimen from well A-2 at 81 feet in the same section. Other
occurrences: well A-11 near Newport News at 165 feet; Coleman
Bridge section, well 1-NE at t74 feet.
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Boliaina sp. A

Plate 10, Figure 8

Ocaurrence: P.R.I. 2725G (length 0.31 mm) from locality
10 is the sole representative of this form and is figured for fu.
ture reference.

Boli,ai,na sp. B

Plate 11, Figure 4

Oecurrence: Two specimens from locality 14 have heavy
costae in the basal portion, much more pronounced than in any
of our recorded costate bolivinids. p.R.I. 27229 (length 0.b0
mm) is here figured for future reference, since not enough ma-
terial exists for description of this form, which appears to be
new.

Boli,aina sp. C

Plate 10, Figure 10

Oeeurrence: A single specimen, p.R.I. Z,lZ07, reaches a
length of 0.40 mm, and is here figured for future reference from
locality 37.

Genus Loxostovruvr Ehrenberg, 1gE4

Lonostoma,m wilsoni Mclean

Plate 11, Figures 5, 6

Louostomum uilsowi Mclean, 19b6, Bull. Amer. pal., vol. 86, no. 160, p.
348, pl. 45, figs. ba-b.

Occurrence;s: This form, described by Mclean (1gb6) from
the Yorktown Formation, occurs at the following localities:
P.R.I. 27285 (length 0.33 mm) Chesapeake Bay Bridge-Tunnel,
well A-1 at 84 feet; P.R.I. 27224 (length 0.Bb mm) from locality
10.
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Genus Uvrcnnrnn d'Orbigny, 1826

U uig erina aub edayw d'Orbigny

Plate 11, Figure 7

Uaigerfuut auberiana d'Orbigny, 1839,in de la Sagra, Histoire phys. pol.
& nat. de I'isle de Cuba, p. 106, pl. 2, figs. 23,24; Cushman, 1923,
U. S. Nat. Mus. Bull. 104, pt.4, p. 163, pI.42, figs.3,4; Cushman,
1930, Florida Geol. Surv. Bull. 4, p. 49, pl. 9, ftg.7i Cushman and
Ponton, 1932, Florida Geol. Surv. Bull.9, p.86; Cushman and Cahill,
1933, U. S. Geol. Surv. Prof. Paper 175-A, p.27, pl. 9, fig.3.

Ocatrrence: A single specimen, P.R.I. 273t9, was found at
locality 10 and measures 0.29 mm in length. The specimen is
somewhat broken and eroded.

U aig erinn cala ertensis Cushman

Plate 11, Figures 8, 9

Plate 12, Figure 1

Uaigerina ca.loertensis Cushman, 1948, Maryland Dept. Geol., Mines, and
Water Res., Bull. 2, p, 22, pl. 15, figs. 9-10; Mcl,ean, 1956, Bull. Amer.
Pal., vol. 36, no. 160, p. 348-349, pl. 46, figs,2a-b.

Uaigerina kernensis Clapp, 1948 (not Barbat and Von E'storff), Mary-
land Dept. GeoI., Mines, and 'Water Res., Bull. 2, p. ,308, pl. 36, fig,, 24,

Ocutrrences: P.R.I. 27204 (0.55 mm long) is from locality
89; P.R.I. 27250 (largest specimen is 0.54 mm in length) is from
locality 18. These specimens show erosion attributable to redep-
osition. Other new occurrences are: well A-5 near Lambert
Point at 85 feet; and well M-85 in the Chesapeake Bay Bridge-
Tunnel at 93 feet.

Uai.gerina carmeltoensis Cushman and Kleinpell

Plate 72, Figure 2

(Joigerina, carmeloensis' Cushman and Kleinpell, 19,34r Cushman Lab.
Foram. Res. Contr., vol. 10, p. 11, pl. 2, ttgs.7a, b; Kleinpell, 1938'
Bull. Amer. Assoc...Petrol. Geol., p. 294.;: Cusihrnan and Todd, 1941'
Cu,shman Lab. Foram. Res. Contr., vol. 17, p.44, pl. 13, fig. 10; Clapp'
1948, Maryland Dept. Geol., Mines, and Water Res., Bull. 2, p. 308,
pl. 36, fig. 25.
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Uaigerina cf. carmeloensis Mclean, 1gb6, Bull. Amer. pal., vol. 86, no.
160, p. 349, pl. 46, fig. 1.

Oceurrences: The figured specimen, P.R.I. 27291attained a
length of 0.37 mm and came from the Chesapeake Bay Bridge-
Tunnel, well A-2 at g0 feet; there are specimens frorn well A-1
of the same section at 103 feet, and well A-11 near Newport
News has the same species at 80 feet.

Uai,gerirm cf. tetwi,stricr,fo Cushman (not Reuss)

Plate 12, Figures 3, 4

Uaigerina cf. tenuistriarto Mclean, 1g56, Bull. Amer. pal., vol. 36, no.
160, p. 349, pl. 45, figs. 9a-b; pl. 46, figs. Ba-b; Sabol, 1960, Bull.
Amer. Pal., vol. 41, no. 191, p. ZB0.

Occu.rrences: Two specimens are figured; P.R.I. 27285 (0.40
mm long) is from locality 27, and, P.R.I. 27261 (0.38 mm long) is
from locality 11. Other specimens are recorded from locality C,
and from the Chesapeake Bay Bridge-Tunnel, well M-85 at 84 to
133 feet.

Uaigerina sp. A

Plate L2, Figures 5, 6

Occurrences: P.R.I. 27239 (0.31 mm long) is from locality
18; P.R.I. 27227 (0"29 mm long) is from locality 37 ; both speci-
mens are broken and appear to be new forms and are figured for
future reference.

Uui,geri,na spp.

Occu,mences: The following records exist for nondescript
uvigerinids: well A-5 near Lambert Point, at 90 feet; well A-11_
near Newport News, at 185 feet; Chesapeake Bay Bridge-Tun-
nel, well A-1 at 84 feet, and well A-2 at Z0 feet.

Uaigerina ef. subperegrina Cushman and Kleinpell
Uaigerina subperegrina Cu,shman and Kleinpell, 1984, Cushman Lab.

Foram. Res. Cbntr., vol. 10, pt, 1, p. 12, pl.2, figs. 9-11; Clapp, 1948,
Maryland Dept. Geol.,,Mines, and Water Res., Bull. 2, p. 808, pl. 86,
fig. 22. i:,
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Occu,rcence: A single specimen from locality 10 appears to
be this form.

Genus ANcur,ocnnrNa Cushman, 1927

Angulo g eri,rta o ccid,entalis ( Cushman)

Plate 12, Figure 9

(Joigeri,na angulosa Cushman, 1922, (not 'Will'iamson), Carnegie Inst.
'Washington, Pub. 311, p. 34, pl. 5, figs. 3-4.

Utsiger'i.na occid,entalis Cushman, 1923, U. S. Nat. Mus., BuIl. 104, pt. 4,
p. 169.

Angulogerina occiilentalis Cushman, 1930, Florida Geol. Surv., Bull. 4,
p. 50, pl. 9, figs. 8-9; Cushman and Cahill, 1933, U. S. Geol. Surv.,
Prof. Papet 1?5-A, p.28, pl.9, figs.8a-b; Bermud.ez, 1949, Cushman
Lab. Foram. Res., Spec. Pub. No.25,p,218, pI.13,fig.57; Puri' 1953'
Florida Geol. Surv., Bull.36, p. 125, pI.22, figs. 7-8; Mclean, 1956,

8u11. Amer. Pal., vol.36, no. 160, p.,3'50, pI.46, fig. 5; Copeland' 1964,

Bull. Amer. Pal., vol. 47, no, 2,15, p. 29t, pl. 43, fig:s. Ia-b.

Oceu,rcences: P.R.I. 27283 is 0.24 mm long and comes from
Chesapeake Bay Bridge-Tunnel, well A-2 at 70 feet; the form
also occurs in same section, well A-1 at 84 feet. Other occur-
rences are: localities A-2, A-3, B-4, C, D, E-1, F-1, G-1, J-1.

Angulogerind, sp.

Plate 13, Figure I
Oceurrsnces: As figured, P.R.I. 27157 measures 0.40 mm'

and comes from well A-11 near Newport News at a depth of ?0

feet. It is also in Chesapeake Bay Bridge-Tunnel, well A-2 at 70
feet and well M-65 at 100 feet.

Family Er,r,rpsornrxrolr

Genus PnnarrssunrNa Parr, 1947

Parafi,ssuri,nn rna,rgi,na.ta (Walker and Jacob)

Plate 13, Figure 2

Serpula (Logena) marg'inata, Walker and Jacob, 1784, Test. Min., p. 3,

pI.1, fig. 7.
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Vermiculum margbwtum Mon'tfort, 1g08, Test. BtiL., p. b24.

Oolina cornpressa d'Orbigny, 188g, Voyage Amerique Meridionale, pt. 5,
p. 18, figs. 1, 2.

Lagenula marginata Thorpe, 1844, Brit. Marine Conc,h. p. 284.

Entosolenia marginatu'W'illiamson, 1g4g, Ann. and Mag. Nat. History,
ser. 2, vol. 1, p. 17, figs. 15-17; Williamson, 1gbE, Rec. Foram. Gt.
Britain, p. 9, 10, figs. 19-28.

Lagena marginata Cushman and ponton, 1g82, Florida Geol. Surv.. Bull.
9, p. 63, pl. 8, fig. 18.

Parafi,ssurina marginata Puri, 1gb8, Florida Geol. Surv., Bull. 86, p. LZT,
pl. 26, fig. 9.

Acatrcence: This form, p.R.I. Z72g,B, occurs sparingly in
well A-1 of the Chesapeake Bay Bridge-Tunnel at g4 feei, and
the figured specimen is 0.28 mm at largest diameter.

Family Rorar,rrl.tn

Genus Drsconsrs Lamarck, 1g04

Dis corbis csnd,eia%a ( d'Orbigny)

Plate 13, Figures 3, 4
Rosalina candeiana d,Orbigny, lg}g,in de la Sagra, Histoire phys. pol. &

nat. de l'is.le de Cuba, p. g,7, pl. 4, figs. 2_4.

Truncatulina candeinna Cushman, lg1l, V. S. Nat. Mus. proc., vol. b9,
p. 57, pl, 13, figs, 4, b; Cushman, 1g22, Carnegie Inst. Washington
Pub. 311, p. 47, pl,6, figs. ?-9; Cu,shman, !g26, Carnegie Inst. Wash_
.ington Pub. 844, p. ?8.

Discorbi,s candeiana Cushman, 19g1, U. S. Nat. Mus. Bull. 104, p,t, g,
p. 19, pl. 7,figs.4a-c; Cushman and ponton, 1982, Florida Geol. Surv.
Bull. 9, p. 88, pl. 18, figs. 4a-c; Cushman and Cahill, 19g8, U. S. Geol.
Surv. Prof. Paper lTb-A, p. 29-30, pl. 10, figs. Ba_c; Clapp, 194g,
Maryland Dept. Geol., Mines, and Water Res., Bull. 2, p. 31e pl. B?,
figs. 4a-c.

Discorbis ,ilardeboana cushman (not d'orbigny), 1980, Flori.da Geol.
Surv. Bull. 4,p.52, pI.10, figs. Ba-c.

Occu.mences: P.R.I. 2TZ4Z (0.41 mm at largest diameter) is
from locality 11 as is P.R.I. 27244 (largest diameter 0.Bg mm).
Another occurrence is Chesapeake Bay Bridge-Tunnel well A-1,
at 84 feet.
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Discorbi,s consobrinn ( d'Orbigny)

Plate 13, Figure 5

Rosal,i.na consobrina d'Orbigny, 1839, Voyage Amerique Meridionale, vol.
5, pt. 5, p. 46, pl. 7, figs. 4-6.

Discorbis consobrina Cu.shman and Kellett, 1929, Proc. U. S. Nat. Mus',
vol. ?5, art.25, p.10, pI.4, figs.1,2; Cushman,1930, Florida Geol.
Surv. Bull. 4, p. 53, pl. 10, figs. 4a-c; Cushman and Ponton, 1932,

Florida Geol. Surv., Bull. 9, p. 88, pl. 13, figs. 3a-c; Puri, 1953, Florida
Geol. Surv., Bull. 36, p. 131, pl. 24, figs. 4-6.

Occumences: A specimen from Coleman Bridge section,
well 3-N at 115 feet, has a maximum diameter of 0.47 mm and
is figured as P.R.I. 27L96. Other occurrences: localities 8 and 10.

Dis c orbi,s f lori,ilarua Cushman

Plate 13, Figures 6, 7

Plate 14, Figure 1-

Discorbis rosa,cea, Cushman, 1930, (ncvt d'Orbigny), Florida Geol. Surv.,
Bull. 4, p. 51, pl. 9, figs. 13a-c.

Discorbi,s subaraucana Cushman, 1930, (not Cushman, 1922), Florida
Geol. Surv., Bull. 4, p. 52, pl. 10, figs. 1a-c.

Bosalina floriilana Parker, 1954, Bull. Mus. Comp. Zool., IJatvard Univ.'
vol. 3, no. 10, p.524-525, pl. 8, figs. 19-20.

Discorbis floridana Cushman, 1922, Carnegte Inst. Wa,shington, Pub. 311,
p.39, pl.5, figs. 11-12; Cushman, 1931, U. S. Nat, Mus., Bull' 104,
pt. 8, p. 2L, pt.4, figs. 7-8; Cushrnan and Ponton, 1932, Florida Geol.
Surv., Bull. 9, p. 88, pl. 13, figs. 2a-c; Cushman and Cahill, 1933, U' S.

Geol. Surv., Prof. Paper 1?5-A, p, 29, pl. 9, figs. 12-13; Parker, 1948,
Bull. Mus. Comp. Zool., Harvard Univ., vol. 100, no, 2, pl. 5, figs.
23a-b; Bermtdez, 1949, Cushman Lab. Foram. Res., Spec. Pub. 25,
p. 238, pI. 15, figs. 16-18; Puri, 1953, Florida Geol. Surv., Bull. 36,
p.131, pl.24, figs.7-9; Phleger and Parker,1954, Geol. Soc. Amer.,
Mem. 46, pt. 2, p.20, pl. 10, figs. 4a-b; Mclean, 195,6, Bull. Amer.
Pal., vol. 36, no. 160, p. 351-352, pl. 46, figs. 9-t2,15.

Di,scorbis floridanus Bandy, 1954, U. S. Geol. Surv., Prof. Paper 254-F,
p. 136, pl. 31, figs. 1a-c.

Occurrences: P.R.I. 27254 (0.43 mm at largest diameter)
comes from locality 10. F.R.I. 27264, maximum diameter 0.26
mm, is Jound at Chesapeake Bay Bridge-Tunnel, well A-2 at 81

feet. Other occurrences are: Chesapeake Bay Bridge-Tunnel,
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well A-2 at 70 feet and well M-85 at 84 feet; localities A-2, A.3,
B-1, B-3, B-4, D, E-1, F-1, ,G-1, H, J-1, 11, 14, 1.g, 27; Coleman
Bridge section, well 3-N at 1Bb feet; well A-5 near Lambert
Point, at 95 feet; well A-11 near Newport News at 80 feet has a
form (P.R.I.27195,0.45 mm in diameter) which is provisionally
placed in this species.

Discorbi,s sp.

Plate 13, Figure 8

Occu,rrence: P.R.I. 2"7252, which is 0.81 mm at largest dia-
meter, is found at locality 10; the form may be variant of D.
florid"ana, but the chambers have a different shape on the d,orsal
side.

Di,scorbis rehd,eN Mclean

Discorbi,s rosd,cea Cushman, 1g18, (not Rotalia rosaned d'Onbigny), U. S.
Geol. Surv., Bull. 6?6, p. 5g, pl. 14, figs. 4a-c,

Rotorbinella ? rosacea Puri, lg,b8, Flor:ida .Geol. Surv., Bull. 86, p. 186,
pl. 24, figs. 1-3.

Discorbis rehd,eri, rMcl,ean, 1956, Bull. Amer. pal., vol. 86, no. 160, p. BbB,
pl. 46, figs. 13-14.

Oceurrence: This species is found at locality F-1.

Genus Vu,vur"rwnnll Cushman, lg26

V ala uli,ner i,a f loridana C ushman

Plate 14, Figure

Vahtutineria floridnna Cushman, 1980, Florida Geol. Surv. Bull. 4, p. b4,
pl. 10, figs. 6a-c; Cushman and Ponton, 1982, Florida Geol. Surv.,
Bull. 9, p. 91; Puri, 1953, Florida Geol. Surv., Bull. 86, p. 1BB, pl. 29,
figs.8, 9, 10.

Occurrences: P.R.I. 27269 is 0.40 mm in diameter and was
found in well A-1 at 84 feet from Chesapeake Bay Bridge-Tun-
nel; well M-85 has the forrn at 93 feet in the same section.
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Genus Buccnr,r,l Andersen. 1952

B uc c elln and,er s eni Mclean

Buccella a,nd,erseni, Melean, 1956, Bull. Amer. Pal,, vol. 36, no, 160,
p.,354-355, pl. 50, figs. la-c, pl. 51, figs. 1, 4.

Ocuffrences: This species is found at the following new oc-

currences: loealities A-1, B-1, B-3, B-4, D, E-1, F-1, G-2, H;
Coleman Bridge section, well 3-S at 115 feet; Chesapeake Bay
Bridge-Tunnel, well A-1 at L42 feet, and well A-2 at 90 feet.

Buc celln depr essa Andersen

Plate 14, Figures 3-5

Eponides peruai,anus Cushman and Parker, 19.31, (not d'Orbigny), U. S.
Nat. Mus., Proc., vol. 80, ant. 3, p. 19 (not figured).

Buccella d,epressa, Andersen, 1952, Washington Acad. Sci., Jour., vol. 42,
no.5, pp. L45-146,tf.7a-c,8; Mclean, 1956, Bull. Amer. Pal., vol.36,
no. 160, pp. 35'5-356, pl. 50, figs.2-5; Copeland, 1964, Bull. Amer. Pal.,
vol. 47, no. 2L5, p. 2,69, pl. 38, figs. }a-c, 4a-b.

Eponides perutiarnts campsi Boltovskoy, 1954, Revista del Inst. Nacional
Invest. Ciencias Na't, y Mus. Argentino Cieneias Nat. "Bernadino
Rivadavia," tomo 3, no. 3, p. 204, pl.17, figs. 6a-c,7,8; Boltovskoy,
1'954, Revista del Inst. Nacional Invest. Ciencias Nat. y Mus. Argen-
tino Ciencias Nat. "Bernadlno Rivadavia,." tomo 3, no. 4, p. 287, pI.
27, figs. 8a-b.

Buccella cf. depressa Sabol, 1960, Bull. Amer. Pal., vol. 41, no. 191, p.

230, pl. 27, fig,s. 4a-c.

Occuryences: P.R.I. 27L55 measures 0.43 mm in diameter
and comes from Coleman Bridge section, well 3-S at 135 feet.
P.R.I. 2717L (0.33 mm diameter), locality 37; P.R.I. 27263 (0.3L

mm diameter), locality 11; P.R.I. 27230 (0.32 mm diameter), lo-
cality 30. Additional records are: localities A-2, C, G-1, L0, L4,
18, 26, 27, 36,54 ; Coleman Bridge section, well l-SW at L23 feet,
well 1-SE at I70 feet, well l-NE at 108 feet, well 1-NW at 118

feet, well 3-N at 75 f.eet,; well A-5 near Lamhrt Point, Norfolk,
at 80 feet; well A-11 near Newport News at 165 feet; Chesa-
peake Bay Bridge-Tunnel, well A-L at L23 feet, well M-85 at 93

feet, well M-62 at 129 feet, and well M-65 at 75 feet.
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Buccelln h,annili (Phleger and parker)

Eporuides hannai Phleger and Parker, lgb1, Geol. Soc. Amer., Mem. 46,
p. 21, pl. 10, figs. 11-14.

Buccella hannai Andersen, 1g52, Washington Acad. Sci., Jour., vol. 42,
no,5, p. l44,tf.3a-c; Mclean, 1gb6, Bull. Amer. pal., vol. 86, no. 160,
p. 356, pl. 51, figs. Ba-c.

Occurrences: Additional records for this species are: local-
ity G-1; Coleman Bridge section, well g-S at 1bB feet, well 1-NE
at200 feet, well 3-N at 125 feet; well A-11 near Newport News
at 135 feet.

Buccella mansf ielili ( Cushman )

Plate 14, Figures 6, 7

Plate 15, Figure 1

Eponiiles mansfieldi Cus,hman, 19,80, Florida Geol, Surv. Bull. 4, p. 84,
pl. 11, figs. 1a-c; Cushman and Ponton, 1982, Florida Geol. Surv.,
Bull. 9, p. 92.

Buccella mansfieldi Andersen, 1gb2, Jour. Washington Acad. Sci., vol. 42,
no. 5, p. I48, t49, figs. 12a, b; l3a-c; Puri, 19b8, Florida Geol. Surv.,
Bull. 36, p. 134, pl. 2b, figs. !,2,9.

Occurrences: P.R.I. 27306 (0.42mmin diameter) from well
A-11 near Newport News at 160 feet; p.R.I. Z7g2B (0.58 mm in
diameter) at locality J-1; P.R.I. Z71.8g (0.48 mm in diameter)
at Coleman Bridge section, well 3-S at 10b feet: other occur-
rences: locality A-3; Coleman Bridge section, well l-SE at 118
feet; well A-5 near Lambert Point, at zlb feet; well A-11 at
Newport News at 135 feet.

Buccella parkerae Andersen

Plate 15, Figures 2-4

Eponides mansfieldi Cushman and parker, 1g81, (not Cushman, 1980),
Contr. Cushman Lab. Foram. Res., vol. 7, pl. l, pl. 2, fig. l0a-c.

Buccella parkerae Andersen, 1952, Washington Acad. Sci. Jour., vol. 42,
no. 5, p. 149, ,tf. 9a-c; Mclean, 1956, Bull. Amer. Pal., vol. 86, no.
16t0, p. 3,56-357, pl. 51, figs. 2a-c; Sabol, 1960, BuIl. Amer. pal., vol. 41,
no. 191, p. 230-231, pl. 27, figs. 5a-c.
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Ocatrrences: P.R.I. 27206, the larger of two specimens
(0.3L mm in diameter), is from locality 36; P.R.I.27270 (0.25
mm in diameter) is from Chesapeake Bay Bridge-Tunnel, well
A-1 at 84 feet; other occurrences are: Coleman Bridge section,
well 3-S at 105 feet; well A-5 near Lambert Point, at 185 feet;
well A-11 near Newport News at 135 feet.

Genus Rorar,ra Lamarck, 1804

Rotalia bassleri Cushman and Cahill

Plate 1-5, Figures 5, 6

Rotalia bassleri Cushman and Cahill, 1933, U. S. Geol. Surv., Prof.
Paper 1?5-A,p.30, pl. 10, figs. ?a-c; Clapp,.1948, Maryland Dept.
Geol., Mines, and Water Res., Bull, 2, p. 312, pl. 37, figs' 8a-c.

Occurrence: P.R.I. 27373 (0.42 mm in diameter) and P.R.I.
27310 (0.35 mm in diameter) are both found in well A-11 near
Newport News at 165 feet.

Rotalia beccari'i subsp. tepi.d,a Cushman

Plate 15, Figures 7, 8

Plate 16, Figures 1, 3

Rotalia beccarii Linnaeus vat. tepida Cushman, 1926, Carnegie Instit.,
'Washington, Publ. 344, p. 79;.Kornfeld, 1931, Contr. Dept. Geol. Stan-
ford Univ., vol. 1, no. 3, p. 91, pl. 13, figs. 3a-c; Cushman, 1931, U. S.

Nat. Mus., BuIl. 104, pt.8, p.61, pl. 13, figs.3a-c; Cole, 1931, Florida
State Geol. Surv., Bull. 6, p. 50, pl. 3, figs. 3, 4; Stephenson, 1935,

Dept. Conservation, Louisiana Geol. Surv., Bull. 6, p. 189, pl.5, figs.
20-22; Hadley, 1936, Jour. Elisha Mi,tc,hell Sci. Soc', vol. 52, no. 1'
p. 36; Le Roy, 19,39, Nat. Tijdschr. Nederl.-Indie, vol. 99, pt. 6' p.256,
pl. 2, figs. 1-3; Hanna and Hertlein, 1941, State of California, Div. of
Mines, Bull. 118, pt. 2, p. 180, fig. 6? (plate) figs. 11-13; Le Roy,1941'
Colorado School of Mines Quart., vol. 36, no. 1, pt. 3, p. ll7, pl. 2,

figs. 25-27; Palmer, 1945, BuIl. Arner. Pal., vol. 29, no. 115, p. 60;
Clapp, 1948, Maryland Dept. Geol., Mines, and Water Res., Bull. 2,

p.312, pl.3?, figs. 9a-c; Weiss, 1954, U. S. Geol. Surv. Prof. Paper
254-G, p. 160, pl. 33, fig. 1.

Occurrences: P.R.I.27259 (0.40 mm in diameter) from lo-
cality 10; P.R.I.27229 (0.2? mm in diameter) from locality 8;
P.R.I. 27225 (0.32 mm in diameter) from localitv 7; P.R.I. 27L97



FouurNrrERA AND Osrnlcool

(0.35 mm in diameter) from locality 3?. Other occurrences are:
locality 27 ; well A-5 near Lam,bert Point, at 205 feet; well at
Fr.anklin, Virginia, at 90 feet.

Rotal;i.a beccari,i, ? (Linnaeus)

Plate 16, Figures 2, 4

Occu,rrences: P.R.I. 27905 (0.81 mm in diameter) is from
well A-5 near Lambert Point, at 208 feet; P.R.I. ZTZ E (0.98
mm in diameter) is from Iocality 22. These two specimens may
be eroded Rotal;i,a beccarii, subsp. tepida.

Genus PonorroNrons Cushman, lg44

Poroeporafdes laterali,s (Terquem)

Rosalbta lateralis Terquem, 18?8, Soc, Oeol. France, ser. 1, Mem. vol. B,
p. 25, pl. 2 (7), figs. 11a-c.

Eporuid,es laterulis Cushman, lg30, Florida Geol. Surv., Bull. 4, p. bb,
pl. 10, figs. 7a-c; Cushman and Ponton, 1982, Flori.da Geol. Surv,, Bull.
9, p.92, pl. 13, figs. 8a-c; Cushman and Cahill, 1988, U. S. Geol. Surv.,
Prof. Paper 175:A, p. 31, pl. 11, figs. 1a-e.

Eponi.d.es (?) Iateralis Cushman, 1981, U. S. Nat. Mus., Bull. 104, pt. g,
p. 47-48, pl. 10, figs. 5a-c.

Pulnitru,Li.na repanda Brady, 1884, Rept, Challenger Expedition, Zool., vol.
9, p. 627,684-685, pl. 104, figs. 18a-c.

Poroeponid,eS repand.us.Miller, 1g58, Con'tr. Cushman Found. Foram. Res.,
vol. 4, pt. 2, p, 59, pl. 10, figs. la-c.

Poroeponides laterali,s Cushman, 1944, Cus,hman Lab. Foram. Res., Spec.
Publ. 12, p. 34, pl. 4, fig. 23; Puri, 1953, Florida Geol. Surv., Bull. 86,
p.134, pI.24, figs.10-12; Bandy,1964, U. S. Geol. Surv., prof. paper
254-F, p. 137, pl. 30, figs. la-c, 3a-c; Mclean, 1956, Bull, Amer. pal.,
vol. 36, no. 160, p.,35&359, pl. 4?, figs. 9-11, pl. 48, figs. 1-2.

Poroeponid,es cribrorepandu,s Asano and Uchio, 1951, in Stach, ,.Illus-
trated Ca't. Japanese Tert. Smaller Foram,', Pt. 14 Rotaliidae, p. 18,
tfs. 134-135.

Occurrence: A specimen was found at loeality A-1.
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Genus CnNcnrs Montfort. 1808

Cuncris sa"gra (d'OrbignY)

Plate 16, Figure 5

Rotalina sogra d'Orbigny, 1839, in dela Sagra, Histoire phys' pol. & nat'
de I'isle de Cuba, p. 77, pL.5, figs. 13-15.

Puloinulina sogro Cushman, 1918, U. S. Geol. Surv., Bull. 676, p. 65, pl'
22, fig.3, pl. 23, fig. 1.

Puhi.nuli.na semipuncta,ta Cushman, !922, Carnegie Inst. Washington'
Publ. 311, p. 51, pl. 8, figs. 5-6.

Cancris sogro Cushman, 1930, Florida Geol. Surv., Bull. 4, p. 56, pl' 11'

figs. 4a-c; Cushman, 1931, U. S. Nat. Mus., Bull. 104, pt. 8, p' 74, pl'
15, figs, 2a-c; Cushman and Ponton, 1932, Florida Geol. Surv', Bull' 9,

p. 94, pl. 14, figs. 13a-c; Cushman and Cahill, 1933, U' S' Geol' Surv',
Frof. Paper 1?5-A, p.32, pl. 11, figs.4-5; Mclean, 1956, Bull' Amer'
Pal., vol. 36, no. 160, p. 359, pl. 48, figs. 3-5' 7.

Cancri.s com.m,rtnis Copeland (not others),1964, Bull. Amer. Pal', vol' 47,

no. 215, p. 265-266, pl. 88, figs. 2a-c.

Ocanrrences: P.R.I. 27199 (0.46 mm in diameter) is from
well A-5 near Lambert Point, at 165 feet; other specimens are
present between 165 and 80 feet, the highest occurrence of this
species in this well. Additional occurrences are: localities A-2,
A-3, C, D, F-1, G-1, J-l; Chesapeake Bay Bridge-Tunnel, well
A-1 at 181 feet.

Family Cessmur,rNro^q'r

Genus ClssloulrN.l d'Orbigny, 1826

C assid,uli'nu cra,ssa d'Orbigny

Plate 1?, Figure 1

Cassi/lultna crassa d'Orbigny, 1839 (1843), Voyage Am. Merid', vol' 5,

pt.5, p,56, pl. ?, figs. 18-20; d'Orbigny, 1846, Foram. Foss' Bassin

Terrtiaire, Vienne, p,2L3, pl' 21, figs- 42,43; II. B' Brady, 1884,

Chailenger Rept., Zool., vol.9, p. 429,pl' 54, figs.4,5; Egger,1893'
A:bhandl. k. bay. Akad. Wiss. Munchen, Kl' II, vol. 18,'p' 30'3' pl' 7'

fig:s.35,36; Silvestri, 1E96, Pon't. Accad. Nuovi Lincei Mem', vol' 12,

p. 104, pI.2, figs. Ll, 12; Morton, i89?, Portland Soc' Nat' Ilist' Proc',
vol.2, p. 116, pl. I,fig. 12; Flint', 189? (1899), U. S' Nat' Mus; Rept',
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p.292, pl. 38, fig. 3; Cushman, 1911, U. S. Nat. Mu,s., Bull. 7I, pt.2,
p.97, fig.151; Bagg, tgL2,lJ. S. Geol. Surv., BuIl.513, p. 43,pl.12,
figs. 6a-c; Cushman, 1922, IJ. S. Nat. Mus., Buil. 104, pt. 3, p. 124, pl.
26, fig. 7; Cushman, 1926, Cushman Lab. Foram. Res. Contr., vol. 2,
pt.3, p.56, pI.7, figs.4a-b; Cushman, 1929, Cushman LaLr. Foram.
Res. Contr., vol, 5, pt. 4, p. 100, pl. 14, figs. 10a-b; Cushman and
Wickenden, 1929,V. S. Nat. Mus. Proc., vol. 75, art. 9, p. 12, pL.5,
figs. 5a-c; Wiesner, 1929, Deutsche Sud-Polar Exped., vol. 20, Zool,,
p. 131, pI.21, fig.259; Cushman, 1930, Florida Geol. Surv., Bull.4, p.
58, pl. 11, figs.6a-b; Cushman and Parker, 1931, U. S. Nat. Mus.
Proc., vol,80, art,3,p.21, pl.4, figs.6a-b; CoIe,1931, Florida GeoI.
Surv., Bull. 6,p.54, pl.7, fig.2; Macfadyen, 1932, Geol. Mag., vol.69,
pl. 34, figs. 6a-b; Iferon-Allen and Earland, 1932, Discovery Repts.,
vol.4, p.357, pl.9, figs.26-33; Cushman and.Cahill, 1933, U. S. Geol.
Surv., Prof. Paper 175-A, p. 33, pl. 12, figs, 2a-c; Cushman, 1936,
Geol. Soc. Am. BuIl., vol. 47, p. 434, pI. 5, figs. 12a-b; Cushman and
McGlamery, 1938, U. S. Geol. Surv. Prof. Paper 189-D, p. 111, pl. 28,
figs. 4a-c; Kleinpell, 1938, Miocene Stratigraphy of California, p. 331,
pl. 12, figs. 8a, b; Cushman, 1941, Cushman Lab. Foram. Res. Contr.,
vol. 17, p. 37, pl. 9, figs. 2,3,34; Clapp, 1948, Maryland Dept. Geol.,
Mines, and Water Res., Bull. 2, p. 3t2-313, pl. 38, figs. 2a-c; Copeland,
1964, Bull. Amer. Pal., vol. 47, no. 215, p. 289-290, pl. 43, figs. 6a-c.

Oca.mrences: All records are from Chesapeake Bay Bridge-
Tunnel. P.R.I. 27265 (0.20 mm in diameter) is from well A-2 at
101 feet;other records are: well A-1 at 84 feet. well A-2 at 90
feet, and well M-85 at 93 feet.

Cassid,ulina laeuigata subsp. cari,nata Cushman

Plate 17, Figure 2

Cassidulina laeaigata subsp. carinato Cushman, lgzL, V, S. Nat. Mus.
Bull.104, Pt.3, p. 124,p),,25, figs.6,7; Cushman,lg25, Contr. Cush-
man Lab. Foram. Res., vol. 1, pt. 3, p. 52, pl. 8, figs. 11,72; Cushman,
1930, Florida Geol. Surv. Bull. 4, p. 58, pl. 11, fig. 7; Cole, 1931, Flor-
i.da Geol. Surv., Bull. 6,p.54, pI.4, fig.4; Cushrnan and Parker, 1931,
Contr. Cushman Lab. Foram. Res., vol, 7,p. 14, pI.2, fig. 14; Cush-
man and Poniton, 1932, Florida Geol. Surv. Bull.9, p.97; Nuttall,
1932, Jour. Pal., vol. 6, p.27, pl. 6, fig. 8; Cushman and Cahill, 1933,
U. S. Geol. Surv. Prof. Paper 175-A, p.3.3, pl. 12,fi,g,. B; Ellisor, 1940,
Bull, Am. Assoc, Petrol. Geol., vol.24, pl. 6, fig. 4; Cushman and Todd,
1945, Cushman Lab. Fo-ram. Res. Special Publ. 15, p. 62, pI. 10, fig,
11; Puri,1953, Florida Geol. Surv., Bull.36, p.128, pI.23, figs.5,6.

Occurrences: P.R.I. 27268 has two specimens on slide;
larger specimen measures 0.30 mm in diameter, and these speci-
mens are from Chesapeake Bay Bridge-Tunnel, well A-1 at 84
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feet; additional specimens are from well M-85 of same section
at 93 feet. Other localities: Coleman Bridge section, well l-NE
at 174 feet; well A-5 near Lambert Point at !75 feet; well A-11
near Newport Nqws at 165 feet.

Family Gl,osrcrnrNrolo

Genus Gr,osrcpntNr d'Orbigny, 1826

Globigerina sp. form A Mclean

Plate 17, Figure 3

Globigeri,na sp. form A Mclean, 1956, Bull. Amer. Pal., vol.36, no. 160,
p. 362-363, pl. 52, figs. la-c.

Globigerina protoreticularla Copeland (not others), 1964, Bull. Amer. Pal.,
vol.4'1, no. 215, p.282-283, pl. 42, figs. 1a-c.

Occurrences: This rare form, with a coarsely reticulate,
trilobed test, occurs very sparingly in the following new records:
P.R.I. 27266 (0.22 mm long) is from Chesapeake Bay Bridge-
Tunnel, well A-2 at 101 feet; the form'also occurs in well M-85
of the same section at 84 feet; other specimens are from locality
A-2: well A-5 near Lambert Point at 105 feet: and well A-11
near Newport News at 180 feet.

Globigeri,nu spp.

Plate 17, Figure 4

Plate 18, Figure 2

Ocarrences: P.R.I. 2715L (0.26 mm long) comes from well
A-11 near Newport News at a depth of 95 to 96.6 feet. Because
recent work by many specialists haq revealed that the morpho-
logical features of the Globigerinidae vary considerably within
the individual species, it is possible that this specimen is a
variant of. Globigerina sp. form A of Mclean. This intraspe-
cific morphological variation may also place P.R.I. 27300 (0.33
mm long) as a form of Globigerina sp. form E of Mclean; P.R.I.
27300 comes from well A-11 at a depth of 80 to 81.6 feet. Until
the specific criteria emerge which will enable the Globigerinidae
to be identified as to genus and species, the author cannot estab-
lish the relationships or identities of these two rare forms. There
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are other rare, nondescript globigerinids scattered throughout
the record in the Chesapeake Bay material; the forms illustrated
are the only ones that are sufficiently distinctive to merit either
discussion or illustration.

Globigerina sp. form B Mclean
Globigerina sp. form B Mclean, 1956, Bull. Amer. pal., vol. 86, no. 160,

p. 363, pl. 52, figs. 2a-c.

Ocatrrence: A single record for this reticulate form is add-
ed : well A-5 near Lambert Point at 205 feet: see Mclean (1956)
for details and figures.

Globigerirn sp. form E Mclean

Plate 17, Figure 5

Plate 18, Figure 1

Globigeri,na sp. form E Mclean, 1956, Bull. Amer. pal,, vol. 86, no. 160,
p. 364, pl. 53, figs. 1a-c.

Globigerina apertura Copeland (no,t others) , i.96'4, Bull. Amer. pal.,
vol. 47, no.2l5, p,281, pl, 41, figs, 4a-c.

Occurrences: P.R.I. 27248 (0.28 mm in longest dimension)
is from locality 18; P.R.I. 27277 (0.82 mm long) is from locality
14; other records are: localities 10, l!,27,81, A-8, C, D, E-1,
F-1, G-1, J-1; well A-5 near Lambert Point at 85 to 110 feet;
Coleman Bridge section, well 1-NE at 200 feet; Chesapeake Bay
Bridge-Tunnel in well M-85 at 84 to 93 feet: well at Franklin.
Virginia, at 90 feet,

Genus Onsur,rNl d'Orbigny, 1889

Orbuli.na uruia er sa, d'Orbigny

Plate 18, Figure 3

Orbul:i,na unioersa d'Orbigny, 183g, in de la Sagra, Histoire phys. pol. &
nat. de l'isle de Cuba, p.3, pl. 1; Cushman, lg?4, lI . S. Nat. Mu,s. Bull.
L04, p. 28, pl. 5, figs. 2-9; Cushman, 1930, Florida Geol. Surv., Bull. 4,
p.59; Cushman and Ponton, 1932, Florida Geol. Surv., Bull.9, p.99;
Bermudez, 1949, Cushman Lab. Foram. Res. Special pub. 25, p. ZB2,
pl.22,fig.3; Puri,1953, Florida Geol. Surv., Bull.36, p.149-1b0; not

55



56 VrncInru, DNrsIoN or MrNrn.ll Rpsouncns

Orbulina uniuersa Copeland, 1964, Bull. Amer. Pal., vol. 47, no' 2t5,
p. 286, pl. 34, fig. L.

Orbulina corwaallisi Mclean. 1956. Bull. Amer. Pal., vol. 36, no. 160,

p.365, pl. 53, figs. 3a-b.

Occurcences: P.R.I. 27284 (diameter 0.12 mm) is from
Chesapeake Bay Bridge-Tunnel, well A-2 at 90 feet; another
specimen occurs in well A-11 near Newport News at 45 feet.

Family GLosonor,aLIIDAE

Genus Glononorlln Cushman, \927

Glob orot atia menard,ii ( d'Orbigny)

Plate 18, Figure 4

Rotalia menardii d'Orbigny, 1826, Ann. Sci. Nat., vol. 7, p. 273, mod' 10.

Rotalia boueana d'Orbigny, 1846, Foram. foss. Vienne, p. L52, pl' 7, figs.
25-27.

Pulainulina menardii H. B. Brady, 1884, Challenger Rept., vol. 9, p. 690'
pl. 103, figs. 1,2.

Puloinulina tumida H. B. Brady, 1884, Challenger Rept., vol. 9, p. 692,

pl. 103, figs.4-6;'Cushman, 1915, U. S. Nat. Mus. Bull.71' pt.5' p'
56, pl. 22, fig. 3.

Globorotalia menardii Cushman, 19310, Florida Geol. Surv. Bull. 4' p. 60'

pl. 12, figs. 1a-c; Cushman, 1-931, U. S. Nat. Mus. Bull. 104, Pt' 8' p'

91-94, pl. 14, fig.1; Cole and Ponton, 1932, Florida Geol. Surv' BulI'
5, p. 45, pl. 11, figs. 4, 5; Nuttall, 1932, Jour. Pal., vol. 6, p' 29, pl' 4,

fig. 16; Schmidt, 1934, Eclogae geol. Helv., vol. 27, p.45; Hadley'
1934, Bull. Am. Pal., vol.20, no.70-A, p.25, pI.3, fic!. 12, 13; Coryell
and Rivero, 1940, Jour. Pal', vol. 14, p. 336, pl' 42, figs. 34, 35; Ber-
mudez, 1949, Cushman Lab. Foram. Res' Special Pub. 25, p' 286' pl'
22, fi,gs.24-26; P:uri,1953, Florida Geol' Surv., Bull. 36' p' l-50, pI' 25'

figs. 4, 5, 6; Copelan d, 1964, Bull. Amer. Pal., vol. 47, no. 215, p' 264-

265, pl. 38, figs. 1a-c.

Globorotalia sp. Mclean, 1'956, Bull. Amer. Pal., vol. 36, no. 160, p' 365'

pl. 48, figs. 6a-b.

Occurrences: The figured specimen, P.R.I. 27257, measures

0.40 mm in diameter and comes from locality 18; another speci-

men was found in the well at Franklin, Virginia, at a depth of
90 feet.
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Family ANou.q.lrNrn.qr

Genus PlaNultNl, d'Orbigny, 1g26

Plarrulina depres sa ( d,Orbigny)
Truncatulina d.epressa d'Orbigny, 188g, Voyage dans I'Amerique Merid-

ionale, vol. 5, pt. 5, Foraminiferes, p. 39, pl. 6, figs. 4-6.

Planulina depressa Cushman, 1980, Florida Geol. Surv., Bull. 4, p. 60,
pl. 12, figs.2a-c; Cushman and Cahill, 1988, U. S. Geol. Surv.. prof.
Paper 175-A, p. 34, pl. 12, figs. 6a-c; puri, 1958, Florida Geol. Surv.,
Bull. 36, p. 141-142, pl.2?, figs. 1-B; Mclean, 19b6, Bull. Amer. pal.,
vol. 36, no. 160, p. 366, pl. 48, figs. 8-11; Sabol, 1960, Bull. Amer. pal.,
vol. 41, no. 191, p. 252.

Occurrences: This form is quite plentiful in the so-called
"basal Yorktown", but it is less abundant in beds between this
and the underlying Calvert Formation where the form is also
plentiful; it seems to indicate relatively deep waters and is
found at the following new localities: Coleman Bridge section,
well 3-S at 155 feet; localities A-2, A-8, B-4, C, D, E-1, F-1, G-1,
G-2, J-7; well A-11 near Newport News at 260 feet; Chesapeake
Bay Bridge-Tunnel, well A-1 at 181 feet and well A-2 at Zlb
feet. The form is adequately described and figured in Mclean
(1e56).

Genus Crsrcmns Montfort, 1g0g

Cibicides alnericanus (Cushman)

Plate 18, Figure 5

Plate 19, Figure 1

Truncatulina am,ericana Cushman, 1g1g, U. S. Geol. Surv., Bull. 6?6, p.
'63, pI.20, figs. 2, 3; pl. 21, fig. 1; Cushman, 1918, U. S. Nat. Mus.,
Bull. 103, p. 68, pl. 23, figs. 2a-c; Cushman, 192O, U. S. Geol. Surv.,
Prof. Paper 128-8, p. ?0, pI.11, figs.10,11; Cushman,19ZZ, U. S.
Geol. Surv., Prof. Paper 129-E, p. 97, pL.20, figs. T, g.

Cibicid,es americana Cushman, 1980, Florida GeoI. Surv., Bull. 4, p. 61,
pl. 12, figs. 5a-c; Nuttall, 1932, Jour. pal., vol. 6, p. 82, pl. T, figs.
10, 11.

Cibicides americanus Cole and Gillespie, 1g30, BuIl. Am. pal., vol. 1b,
no. 57b, p. 14, pl. 4, fi,g,. 4; Cole and Pon,ton, 1980, Florida Geol. Surv.,
Bull, 5, p. 48, pl. 7, figs. 5, 6; Cushman and Laiming, 1981, Jour. pal.,
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vol.5, p. 119, pi. 1.1, figs. 6a.c; Cushman and Parker, 1931, Cushman
Lab. Foram. Res. Contr., vol. 7, p. 15, pI. 3, figs. 1a-c; Cushman and

Cahil]. 1933, U. S. Geol. Surv., Prof. Paper 175-4, p. 34, pl. 13' figs.

2a-c; Cushman 1935, U. S. Geol. Surv., Prof. Paper 181, p'53,pl.22,
figs. 1,2; Kleinpell, 1938, Buil. Arter. Assoc. Petrol. Geol., p.352,pt.
8, fig. 13a-c; Galloway and Heminway, 1947, New York Acad. Sci.,

Sci. Surv. Porto Rico and Virgin Ils., vol. 3, pI'. 4, p. 390, pl. 24' figs.

3a-c; Cushman and McGlamery, !942, U. S' GeoI. Surv., Prof. Paper

197-8, p. 75, pl. 7, figs. 8-10; Clapp, 1948, Maryland Dept. Geol',

Mines, and Water Res., Bull. 2, p. 314-315' pl. 39, figs. 4a-c.

Occurrences: P.R.I. 27258 (0.32 mm diameter) is from lo-

cality 18; P.R.I. 27301 (0.41 mm diameter) is from well A-5
near Lambert Point at 2t5 feet. Other occurrences are: locality
26; well A-11 near Newport News at 80 feet; and well at Frank-
lin, Virginia, at 100 feet.

Cibicides cf. lobatulas (Cushman)

Trtnrctttttlina lobatula Cushman, 1918, U. S. Geol. Surv. 8u11. 676' p.

60-61, pl. 17, figs. 1-3.

Cibicicles lobatultts Clapp, J-948, Maryland Dept. Geol., Mines, and Water

Res., Bull. 2, p. 315-316, pl. 39, figs. 5a-c.

Cibicid,es cf. Iobatulus Mcl,ean, 1956, BulI. Amer' Pal., vol. 36, no' 160,

p. 366-367, pl. 48, figs. 12-13.

Occurrences: Additional specimens of this common form
were encountered at the following new occurrences: Coleman

Bridge section, well 1-SE at 1?0 feet; well A-11 near Newport
News at 65 feet. This form is variable and too many diverse

forms have been reported for it, but the synonymy of Mclean
(1956) effectively reflects our interpretation of this species.

Cibi,ci.des sp.

Plate 19, Figure 2

Ocanrences: This form, exemplified by P.R.I. 27198 (0.50

mm in diameter) is from well A-11 near Newport News at 80 to

81 feet: another'occurrence is from the Chesapeake Bay Bridge-
Tunnel, well A-2 at 161 feet, and well M-85 at L24 feet.
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Genus HlNzawlr,q, Asano. 1944

Hanzotutuia concentrica ( Cushman)

Plate 19, Figure 4

Truncatulinn conaentrica Cushman, 1918, U. S. Geol. Surv., Bull. 6?6, p.
64-65, pl. 21, figs. 3a-c.

Cibicides concentrica Cushman, 1980, Flori.da Geol. Surv., Bull. 4, p.
61-62, pl. 12, figs.4a-c; Cu,shman, 1931, U. S. Nat. Mus., Bull. 104,
pt. 8, p. 120-121, pI. 21, figs. 4-5, pl. 22, fi.gs. 1-2; Parker, 1948, Bull.
Mus. Comp. Zool., I{arvatd Univ., vol. 100, no. 2, pl. 1, figs. 16a-b.

Cibicides concentricus Cushman and Cahill, 1983, U. S. Geol. Surv., prof.
Paper 175-A, p. 35, pl. 13, figs. Sa-c; Cushman, Lg44, Cushman Lab.
Foram, Res., Spec. Pub. No. 12, p.87, pl. 4, figs. 29a-b; Clapp,Ig48,
Maryland Dept. Geol., Mines, and Water Res., Bull. 2, p. B1b, pl.
39, figs. 1-2; Phleger and Parker, 1948, Geol. Soc. Amer., Mem.46,
pt.2, p.29, pl. 15, figs. 14-15; Bermudez, 1949, Cushman Lab. Foram.
Res., Spec. Pub. No. 25, p.296, pI.26, figs,7 -12,

Cibieid,ina concentricus Parker, 1g54, Bull. Mus. Comp, Zool.. Harvard
Univ., vol. 3, no. 10, pl. 13, figs. ?, 10.

Hanzawaia concentrica, Puri, 19'53, Florida Geol. Surv., Bull. 36, p. 140,
pl. 12, figs. 7-9; Mclean, 1956, Bull. Amer. Pal., vol. 36, No. 160,
p.367-368, pI.49, figs.4-6; Sabol, 19.6,0, Bull. Amer. PaI., vol.41,
no. 191, p. 233, pl. 27, figs. 7a-b,8a-b.

Cibicides americanus Copeland (not others), 1964, Bull. Amer. Pa1., vol.
47, no. 215, p. 275-276, pl. 40, figs. 2a-c.

Occurrences: This form is characteristic of the shallow-
water environment, particularly between 0 and 100 meters, and
a flooding of specimens with the often-associated Rotalia bec-
ca,r'ii group generally indicates shallow marine waters between
0 and about 50 meters; it occurs at considerable depths, so its
appearance with the deeper water form Planulina depressa is by
no means unusual. Very typical examples of H. concentricawere
noted at the following places: Iocalities A-2, A-3, B-1, B-8, B-4,
C, D, E-1, F-1, G-1, G-2, J-L,5,II, 14, 18,27,81; Coleman Bridge
section, well 3-N at 115 feet; well A-5 near Lambert Point at 80
to 175 feet; well A-11 near Newport News at 65 to 810 feet;
Chesapeake Bay Bridge-Tunnel, well A-1 at 84 to 1g1 feet, well
A-2 at 59 to 120 feet, well M-85 at 84 to 93 feet. P.R.L Z7l5g
measures 0.57 mm at the largest diameter and comes from well
A-2 at 59 feet.
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Genus Dvocrsrcrons Cushman & Valentine, 1930

Dyoci,bieides perforatus Cushman and Valentine

Plate 19, Figure 4

Dgocibicid,es perf oratus Cushman and Valentine, 1930, Contr. Dept' Geol.

Stanford Univ., vol. 1, no, 1, p. 31-32, pl. 10, figs. 3a-c; Mclean,
195,6, Bull. Arner. Pal., vol. 36, no. 160, p. 368-369, pl. 49, figs. 8a-c.

Occurrence: A single specimen from the Coleman Bridge
section, well 3-N at 125 feet is the only new record for this form,
P.R.I. 27302 (0.75 mm in longest dimension).

Genus Crsrcronl,ll Cushman, 1927

Cibicidellu uariabilis ( d'Orbigny)

Plate 19, Figure 5

Tnmcatulina oariabi.lis d'Orbigny, 1839, in Barker, Webb, and Berthelot,
Hist. Nat. Iles Canaries, vol. 2, pt. 2, "Foraminiferes" p. 135, pl. 2,

fig. 291. Bagg, 1912, U. S. Geol. Surv., Bull. 512, p. 84, pl. 24, figs.
1-4 (not pl. 25, figs. 4-5).

Cibicidella aariabilis Cushman, 1931, U. S. Nat. Mus., Bull. 104' pt. 8'
p.127, pl. 24, fig. 3; Cushrnan and Ponton, 1932, Florida Geol. Surv.,
Bull.9, p. 192, pl. 15,'figs.5-?; Cushman and Todd, 1945, Cushman
Lab. Foram. Res., Spec. Pub. No. 15, p. 72, pl. 72, fig. 11; Clapp,
1948, Maryland Dept. Geol., Mines, and Water Res', Bull. 2, p.

316-317, pl. 39, figs. 8a-b; Puri, 1953, Florida Geol' Surv. Bull. 36'
p. 140-141, pI.8, figs.4-6; Mclean, 1956, Bull. Amer' Pal., vol.36, no.
160, p. 369-370, pl. 49, figs. 9-11, 14; Sabol,1960, Bull. Amer. Pal., vol.
41, rto, t9l, p. 233-234.

Cibicides eccentria.ts Copeland, 1964, Bull. Amer. Pal., :tol. 47, no. 215'
p. 277-278, pl. 40, figs. 4a-c.

Occumences: P.R.I. 27272 (largest dimension 0.40 mm) is

figured from Chesapeake Bay Bridge-Tunnel, well A-2 at 70 feet.

Other occurrences of this very common species are: localities
A-2, A-3, B-l-, B-3, B-4, C, D, E-1, F-1, G-1, H, J-1, 26; well A-5
near Lambert Point at 85 to 215 feet; well A-1"1 near Newport
News at 135 to 210 feet; and Chesapeake Bay Bridge-Tunnel,
well A-1 at 84 to 93 feet.
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Order Osrnacoo.q.

Family Blrnnrrlap

Genus B,q.rnnopprl,l.u Coryell, Sample & Jennings, 1935

B airrloppilata trianguZatru Edwards

Bairdoppilata triangulata Edwards, 1g44, Jour. pal., vol. 18, p. 50?, pl.
85, figs.5-7; Puri,1954 (1953), Florida Geol. Surv., BuIl. 86, p.222,
225, pl. 1, figs. 3-4, text figs. 1a-b; Mclean, 195?, Bull. Amer. Pal., vol.
38, no. 167, p.69-70, pl. 7, figs. 1a-d; Sabol, 1960, Bull. Amer. Pal.,
vol. 41, no. 191, p. 2.34,

Occurrence: Locality C has rare specimens of this form in
it; for description and figures, see Mclean (1gb7).

Family Cypnmln

Genus Panacypnls Sars, 192b

Paracypris choctaw hatch e ensis Pari
Paracgpris choctawhatcheensis Ptri, 1954 (19b8), Florida Geol. Surv.,

BulI.36, p.227-228, pl. 1, figs. 10-12, text figs. 2a, b, d; Mclean, 19b?,
Bull. Amer. Pal., vol. 38, no. 16?, p. 70, pL.7, figs. 2a-d; Sabol, 196i0,
Bull. Amer. Pal., vol. 41, no. !gl, p, 284.

Occurrence: See Mclean (1952) for figures and descrip-
tion of this form, which occurs in locality C.

Family CyrnnnrnAn

Genus PlucytllpRrDEA G. W. Muller, 1894

P aracytherid,ea u and,enb oldi P uri
Cytheroytteron nodosum Ulrich and Bassler, 1904, Maryland Geol. Surv,,

,Miocene, p. 129-130 (vol. 1), pl. 38, figs. 37-40 (vol. 2).

Paracgtheridea nodosa Howe et al., 1985, Florida GeoL Surv., Bull. 13,
p.37, pI.3, fig.7; Van den Bold,1946, Contrib. Study Ostracoda, p.
86, pl. 16, fig.7; Swain, 1951, U. S. Geol. Surt., Prof. Paper 284-A,
p. 51, pl. 3, figs. 19-22.

Paracytheridea oandenboldi Puri,1g5B, Jour. Pal., vol. 27, p. Tb,l; Malkin,
1953, Jour. Pal., vol. 27, p.780, pl. ?9, fig. 5; Puri, 1954 (lgb3),
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Florida Geol. Surv., Bull. 36, p.238-240, pl. 3, fig. 7, text flgs. 5a-b;
Swain, 1955, Jour. Pal., vol. 29, p.625, pl. 62, figs. 2a-b; Mclean,
195?, BuIl. Amer. Pal., vol. 38, no. 167, p. 75-76, pl. 8, figs' 4a-b.

Occumences: Reported, described, and figured for the York-
town Formation in Mclean (1957), this form occurs in localities
E-1 and F-1.

Genus Cvrnnnuna Sars, 1865 (1866)

Cytherura baj acula Benson

Plate 20, Figure 1

Cgtherura bajacala Benson, 1959, Univ. of Kansas Paleontological Con-
tributions, Arthropoda, arl,. l, p. 52, pl. 4, figs. 7a-c, pl. 9, figs. 1,

11, 14.

Occurrences: This living form, described by Benson, is in
the Pleistocene record for the Chesapeake region; it has not been
encountered to date in Miocene beds. P.R.I. 27220 is 0.39 mm
long and comes from locality 11; other specimens are found in
localities l-0, 14, 18, 37.

C Etheruru r eticulata Edwards

Plate20, Figure 2

Cgtluerura reticulata Edwards, 1944, Jour. Pal., vol. 78, p. 526, pl. 88'
figs. 13-16; Swain, 1951, U. S. GeoI. Surv., Prof. Paper 234-A' p.

50-51 ; Mclean, 1957, Bull. Amer. Pal., vol' 38, no. !67, p"13, pl' 7,

figs. 7a-b.

Cgtherura forulata Malkin (not Edwards), 1953, Jour. Pal., vol. 27, pl.
80, figs. 2'3,24? (not fiS. 22).

Occurrences: P.R.I. 27202 measures 0.50 mm in length and
is from locality 89. Other new occurrences are: localities C, E-1,
J-1. 18.

Cytherura warilensis Howe and .Brown

Cgtherura wardensis Howe and Brown, 'in Howe et al., 1935, Florida
Geol. Surv. Bull. 13, p. 36, pl. 1, figs. 23, 27, pl. 4, fig' 19; Elowe,

Brown, and Edwards, 1944, Jour, Pal., vol. 18, p. 525, pl. 88, figs.
!1,!2; Puri,1953, Florida Geol. Surv., Bull-'36, p.24L, pI.4, figs.1-4,
text fig. 6f.
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Ocanrrence: A single occurrence at locality
comparison is with the species as described in
nymy.
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10 is recorded;
the above syno-

Cytherura sp.

Occ'urrence: A single, nondescript form is from locality F-1.

Genus HrurcyrnnnunA Elofsen. 1g41

H emi.cytherura cluthroto ( Sars)

Cgthenna clathrata Sars, 186b, Forh. Vid,-Selsk., p, ZT; Brady, 1g6ga,
Linn. Soc. London Trans., vol.26, p.446, pI.29, figs.48,46; Sars, 1g28,
Bergen Mus., vol. 9, p.215, pl. 100, fig. b; Lueas, 19181, Contrib. Cana-
dian Biol. & Fisheries, vol. 6, n.s., p. 11.

Hemiegtherura cf. H. clathrata Ben,son, 1gb9, Univ. Kansas paleonto-
logical Contrib., art. 1, p. 54,pL.4, fi,g. Td; pl. ?, fig.2; pl.9, fig.8.

Ocanrrence: There are a number of specimens from locality
14 which seem very close to this form as it is shown in Benson
(1959). There may be some difference in the surface ornamen-
tation, but if so it is minor.

Genus CynrnnoprnnoN Sars, 186b

Cy ther o pt er o n talquinen si,s P uri
Cgtheropteron talquinensis Puri, 1954 (19b9), Florida Geol. Surv., Bull.

36, p.2,43, pl. 5, figs. 5-7; Mclean,lg'57, Bull. Amer. pal., vol. 88,
no. 167, p.73-74, pl. 7, figs. 6a-c.

Occurrences: This interesting little form, as given in Mc-
Lean (1957) occurs in localities C, F-1. J-1.

Genus Cr,ttunocyrHERIDEA Sars, 1925

Cli,thro cyth,eridea diag onali,s Matkin

Plate 20, Figures 3-5 '

Clithrocgtlr,eriilea d,iagonalzs Malkin, 1958, Jour. pal., vol. ZI, p. 7g2-7g8,
pl. 79, figs. 18-19,21-22,24; McT*an, 1g5?, Bull. Amer. Pal., vol. B8i
no. 167, p. 74, pl. 8, figs. 1a-b.
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Since its description by Doris Malkin Curtis, this form has
consistently been found in pre-Yorktown age beds in the Vir-
ginia-Maryland area; it is considered to be a good guide species
for the St. Mary's Formation at its "top" occurrences. The form
is somewhat difficult to separate from the very similar C. air-
giniensi,s of Mrs. Curtis, but can generally be determined by its
coarser design of surface pitting. Identification of the species
should be made by actual cornparison of suspect forms with an
identified specimen. Occurrences and dimensions of the three
figured forms are as follows, from well 3-S in the Coleman
Bridge section:

P.R.I. Num,ber

27179
27L64
27176

Dimensions

0.88 mm
0.82 mm
0.88 mm

Depth

95 feet
105 feet
115 feet

Other occtrrrences.' Localities B-4, H; Coleman Bridge sec-

tion, well 1-SW at 123 feet; well 1-SE at 160 feet; well l-NE at
194 feet. well l-NW at 118 to 128 feet.

Cli,thr o cytherid,ea air gini'ensis Malkin

Plate 23, Figure 2

Haplocgtheriilea sp. aff. H. isra'elskgi, Swain, 1953, U. S. Geol. Surv',
Prof. Paper 234-4, p. ff, pl. 1, figs. 15-17.

Clithrocatherid.ea airginiensis Malkin, 1953, Jour. Pal., vol. 27, p' 783-
784, pl. ?9, figs. 23,25-28; Mclean, 1957, Bull. Amer. Pal., vol. 38, no.
16?, pp.74-75,pL.8, figs.2a-g; Sabol,1960, Bull. Arner. Pal., vol.41,
no. 191, p.235.

Occurrences: P.R.I. 27226, a juvenile specimen measuring
0.35 mm in length, is tentatively placed in this species because

of the fine surface pitting; it may, however, prove to be a young
molt of C. diagonnlis, although this would seem unlikely, as it
occurs in locality 31, of Pleistocene age. Other more mature and
typical forms, as figured in Mclean (1957), occur in the follow-
ing places: localities C, E-1, F-1, J-1, and a record from 139 feet
in well 1-SE of the Coleman Bridge section, where it may have
fallen downhole.
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Genus LncuvrrNocyrnERErs Howe. 1936

Le gumi,no cythereis ? whitei, Swain

Leguminocgthereis uhitei Swain, 19b1, U, S. Geol. Surv., prof, paper
234-4, p.43, pl. 3, figs. 14, 16-18, pl. 4, fig. l; Malkin, 19b8, Jour.
Pal., vol. 27, p.785-786, pl. 80, figs. ?-12.

Leguminocgthereis (?) whitei McLean, lgEI, Bull. Amer. pal., vol. 88,
no. 167, p. 80, pl. 9, figs. 4a-b.

Ocatrrences: Locality G-1 has a single specimen of this form
as figured in Mclean (1957). A second leguminocytherid is in
locality J-1.

Genus AcrrxocyrHERErs Puri. 19b3

Actinocythereis enanthemata (Ulrich and Bassler)

Cgthere enanthemata Ulrich and Bassler, 1904, Maryland Geol. Surv.,
Miocen6, p.717, (vol. 1), pl. B6, figs. 1-5 (vol. 2).

Cgthereis enanthemnta Swain, 1948, Maryland Dept. Geol., Mines, and
'Water Res., vol. 2, p, 204, pl. 12, figs. 14-1b.

Trachgleberis euanthemanlo Swain, 19b1, U. S, Geol. Surv., prof. paper
234-A, p. 37, pl. 6, fig. 5; Malkin, 19b8, Jour. pal., vol. 27, p. Zg1,
pI. 81, figs. 16, 19-20.

Actinoeythereis eranthemata P:uti, 1g58, Amer. Midland Naturalist, vol.
49, p. 1?9-181, pl. 2, figs. .l-8, text fig. B-f; Puri, 1954 (19b8), Florida
Geol. Surv. Bull., vol. 36,p.252-258, pl. 13, fig,s.6-13; Mclean, 19bT,
Bull. Amer. Pal., voI.3,8, no. 167,p.82-88, pl. 10, figs. 1a-c; puri and
Hulings, 1957, Trans. Gulf Coa.st Assoc. Geol. Soc., vol. T, p. 188;
Puri, 1960, Trans. Gulf Coast Assoc. Geol. Soc., vol. 10, p. 128.

Actinoeythereis afr. enanthem.ata Swain?, 19b.8, Jour. pal., vol. 29, p. 634,
pl. 63, figs. 5a-ib, text figs. B?c, 88, ?a-c.

Occztmences: Careful discrimination is needed to separate
this species from its subspecies; the typical species, as delineated
in Mclean (1957), occurs at the following additional localities':
well 1-NW from the Coleman Bridge section at 118 feet; locali.
ties C and F-1.
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A cti,no cE ther eis e ranthemata subsp. g omi,Ilionensris ( Howe
and Ellis)

Plate 20, Figure 6

Plate 21, Figure 1

Cythereis enanthemata var. gomillionezsis Howe and Ellis, 1935, ia Howe

et al., Florida Geol. Surv., Bull. vol. 13, p. 19, pl. 1, figs. 6-12, pl. 4,

fig. 3; Edwards, 1944, Jour. Pal., vol. 18, p' 52L, pl. 87, figs. 31-32.

Trachgleberi.s enanthemato gomillionensis Malkin, 195'3, Jour. Pal., vol.

27, p. 7'92, pl. 81, figs. 15, 17-18.

Actinocgthereis eranthemata var. gomill:ionensis Puri, 1953, Amer. Mid-
land Naturalist, vol. 49, p. 181, pl. 2, figs. 1-2; Puri, 1954 (1953)'

Florida Geol. Surv., Bull.36, p.253, pl. 1,3, figs. 16-17; Mclean, 1957,

Bull. Amer. Pal., vol. 38, no. 167, p. 83-84, pl. 10, figs. 2a-d.

Occtn'rences: P.R.I. 27186 is 0.88 mm long and comes from
Coleman Bridge section, well 3-S at 105 feet; P.R.I. 27308 is
0.90 mm in length and comes from well A-11 near Newport
News at 195 feet; other specimens were found to 246 feet in
well A-11, and in the Coleman Bridge section, well 1-SW at L23

feet and well 1-SE at 180 feet.

Actinocyth,ere'is efranthemata subsp. rnarAlon'd'ica (Howe
and Hough)

Plate 21, Figure 2

Cgthereis eranthemata var. marglandica YIowe and Hough, iz Ilowe
et a1.,1935, Florida Geol. Surv. Bull.13, p.18, pI.1, figs.1-5; pl.4'
fis.7.

Actinocgthereis eranthemata marylanih'ca Prtti, 1953a, Am. Midland
Naturalist, vol. 49, p. 181, pl. 2, fig. 3, text figs. c, d; Puri, 1953'

Florida Geol. Surv. Bull. 36, p.253, pl. 13, figs. 14, 16.

Occurrence: A single broken specimen, P.R.I. 27299, meas-

ures 0.88 mm in length (with a portion of the test missing) and

appears to be this subspecies; it comes from the Coleman Bridge
section, well 1-SW at a depth of 123 feet.
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Genus OnroNtNa Puri, 1953

Orioninu bermudue (Brady)

Cyth.erc oaughani Ulrich and Bassler, 1904, Maryland Geol. Surv,,
Miocene, p. 109-110 (vol. 1), pl. 38, figs. 25-27 (vol. 2).

Cythereis aaughani Howe et al., 1935, Florida Geol. Surv., BuIl. 13, p.
24-25, pL.3, figs. 24-26, pl. 4, fig. 12; Coryell and Fields, 1937, Amer.
Mus. Nat. Hist. Novitates, no.956, p.9, fig. 10a; Edwards, 1944, Jour.
Pal., vol. 18, p,522, pl. 87, figs. 27-28; Yan den Bold, 1950, Jour. Pal.,
vol. 25, p. 83.

Trachgleberis tsaugltani Swain, 1951, U. S. Geol. Surv., Prof. Paper
234-A., p,37, pl. 6, figs. 6-7; Malkin, 1953, Jour. Pal., vol. 27, p,794,
pl.82, fig. 14.

Orionina aaughani Puri, 1954 (19,53), Florida Geol. Surv., Bull. 36, p.
254, pl. 12, figs. 15-16, text figs. 8a-c; Mclean, 1957, Bull. Amer. Pal.,
vol. 38, no, 167, p, 88-89, pl. 11, figs. 6a-b.

Orionfuut bermudae Puri and Hulings, 1957, Trans. Gulf Coast Assoc.
Geol. Soc., vol. 7, p, 187, fig. 11; Puri, 1960, Trans. Gulf Coast Assoc.
Geol. Soc., vol. 10, p.123,126, pI,1, figs. 15, 16.

Occurrences: Very typical specimens of this distinctive
form occur in the following new places: localities A-3, C, F-1,
J-1; the form is figured and the description is given in Mclean
(1957) as O. aaughani. Brady's description, as discovered by
Puri, has priority over Ulrich and Bassler's original description
of C. aaughani.

Genus MunruyrNl Puri. 1953

Murcayina bar clagi Mclean

Plate 27, Figure 3

Murragina barelagi Mclean, 195?, BuIl. Amer, Pal., vol.38, no. 167, p.
87-88, pl. 11, figs.4a-f.

Occurre,nces: P.R.I. 27200 measures 0.56 mm long and is a
juvenile specimen from locality 89; the species occurs also in
the Coleman Bridge section, well 1-NW at 128 feet. The more
typical adult form was described and figured in Mclean (1957).
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Murragi,na gunteri, (Howe and Chambers)

Plate 27, Figure 4

Cgthereis gunteri llowe and Chambers, in Howe, et al., 1935, Florida
Geol. Surv. Bull. 1.3, p.21, pl. 1, figs. 13-17; pI.4, fig. 1.

Murragina gunteri Puri, 19,53, Florida Geol. Surv, Bull. 36, p. 256, pl.
12, figs. 6-8; text figs. 8i, j.

Oceurcence: A specimen, P.R.I. 27309 (0.88 mm long) from
Coleman Bridge section, well 1-NW at a depth of 118 feet, seems
to match the description of this species.

Murragi.na howei P:ufi

Plate 2L, Figures 5, 6

Plate 22, Figure 1

Cgth"ere producta Ulrich and Bassler (ncyt Brady), 1904, Maryland Geol.
Surv. Miocene, p. 115, (vol. 1), pl. 36, fig.17, pl. 38, figs. 28-30 (vol.
2\.

Cgthereis producta Howe, 1935, in Howe et aI., Florida Geol. Surv. Bull.
18, p.22, pl. 1, figs, 81-32, 35, 3'7, pl. 4, figs. 11-12.

Trachyleberis martini Malkin, 1953, Jour. Pal., vol. 27, p.793, pl. 82,
figs. 6-9?, 11-13?.

Murragina, lrcwei Puri, 1954 (1953), Florida Geol. Surv. Bull. 36, p. 255-
256, pl. 12, figs. 9-10, text figs. Sg-h; Mclean, 1957, Bull. Amer. Pal.,
vol. 38, no. 167, p. 85-86, pl. 10, figs. 4a-e; Sabol, 1960, Bull. Amer.
Pal., vol, 41, no. 191, p. 236-237.

Ocetmrences: P.R.I. 27L84 (0.93 mm long) is from a depth
of 105 feet and P.R.I. 27177 (0.92 mm long) is from a depth of
115 feet in well 3-S in the Coleman Bridge section; P.R.I. 27t93
(0.68 mm long) is from well A-11 near Newport News at 185 to
186.6 feet. Other occunenees are: localities B-3, F-1, J-1; Cole-
man Bridge section, well 1-SW at I23 feet, well l-NE at 108 to
200 feet, well 1-NW at 118 to 158 feet, well 3-N at L35 feet; well
A-11 near Newport News at 86 feet.

Murrayina marti.ni (Ulrich and Bassler)

Plate22, Figure 2

Cgthere rnartini Ulrich and Bassler, 1904, Maryland Geol. Surv, Miocene,
p. 112-113 (vol. 1), pI.36, figs. 11-15 (vol.2).
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Cgthere ywicula Uirich and Bassler, 1904, Maryland Geol. Surv. Miocene,
p. 116 (vol. 1), pi. 36, figs. 18-20 (vot. 2).

Cgthereis martini Swain, 1g48, Maryland Dept. Geol., Mines, and Water
Res., Bull. 2, p.. 196, pI. 12, figs. 16-17.

Trachyleberis ? martini Swain, 19,51, U. S. Geol. Surv., prof. paper
234-4, p.29, pl. 3, figs. 8, 15.

Trachyleberis martini Malkin, 1958, (part), Jour. pal., vol. 27, p. ?99,
pl. 82, fig. 10?, (not other figures).

Murragina martini Puri, 1g,54 (1958), Florida Geol. Surv., Bull. 86, p.
256, pl. 12, figs. 11-13, text figures 8e-f ; Mclean, lg\7, Bull. Amer.
Pal., vol. 38, no.167, p. 86-87, pl. 11, flgs. la-c,2a-b,3a-d; Sabol, 1g60,
Bull. Amer. PaI., vol. 41, no. Igl, p. 287.

Occurrences: P.R.I. 27318 is 0.65 mm long and comes from
well A-11 near Newport News at 80 feet; other specimens from
same well extend to 2l-0 feet, and the following additional rec-
ords are available: localities A-3, B-1, C, D, E-1, F-1, G-1, J-1;
Coleman Bridge section, well 1-SW at 125 feet, well 3-S at 10b
feet, well l-NW at 128 feet, well 3-N at 135 feet.

Murcayina sp.

Occurcence: A number of nondescript specimens of the
genus were encountered in well A-11 near Newnort News at 65
feet to 325 feet.

Genus PURmNR Coryell & Fields, 19bB

Puriana rugipunctafo (Ulrich and Bassler)

Cgthere rugfuiunctata Ulrich and Bassler, 1904, Maryland Geol. Surv.,
Miocene, p. 118 (vol. 1), pt. 88, figs. 16-1?, (vot. 2).

Cgthereis rugipunctata Howe et al., 1g3b, Florida Geol. Surv., Bull. 18,
p. 23, pl. 1, figs. L8,20-22; pl. 4, fi,gs. 2,2-28.

Faaella rugi,punctata Edwards, 1g44, Jour. pal., vol, 1g, p. b24, pl. gg,
figs. 5-6; Malkin, 1953, Jour. PaI., vol. 27, p.797, pl. 82, fig. 24; yan
.den Bold, 1950, Jour. Pal., vol. 24, p. 86; Van den Bold, 1g46, p. 100,
pl. 10, fig. 3.

Trachgleberis ? rugipunctato Swain, 1951, U. S. Geol. Surv.. prof. paper
234-4, p.38, pl. 6, fig. 8.

Purianu, rugipunctata Coryell and Fields, in Pur|1958, Jour. Pal., vol.
27, p.751; Puri, 1954 (1953), Florida Geol. Surv., BulI. 36, p.2b7-8,
pI. 12, figs. 18-19, text fig. 8k; Mclean, 195?, Bull. Amer. Pal., vol.
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38, no. 16?, p. 89-90, pl. 11, figs. 5a-d; Puri, 1960, Trans' Gulf Coast
Assoc. Geol. Soc., vol, t0, p. 126-127, pl. 6, fi'g. 18.

Occurrences: This distinctive form was adequately describ-
ed and figured in Mclean (195?) as per previous records; addi-
tional occurrences: localities E-1, G-1, J-1.

Genus AcutrcvrgEREls Edwards, 1944

Acuticyther eis laeais si,mu E'dw ar ds

Acutieythereis laeuissima Edwards, 1944, Jour. Pal., vol. 18, no. 6, p.

519-520, pl.87, figs.4-11; Mclean, 1957, Bull' Amer' Pal., vol.38,
no. 167, p. 9r0, pl. 12, figs. 4a-g; Puri, 1960, Trans. Gulf Coast Assoc'

Geo1. Soc., vol. 10, p, 128, pI. 2, figs. 16' 1?.

Camplocgthere laeaissima Malkin, 1953, Jour. Pal., vol. 27, no,6, p. 785'
pl. 80, figs. 4-6.

Occurrences: Additional records for this form, figured in
Mclean (1957) are: localities C and F-1.

Genus EcntNocYTHEREIS Puri, 1953

Echinocutherei,s clarkanu (Ulrich and Bassler)

Plate 22, Figures 3, 4

Cythere clarkana Ulric;h and Bassier, 1904, Maryland Geol. Surv.,
Miocene, p.98, (vol. 1), pl.35, figs. 1-10 (vol.2).

Cgthere clarkana var. miniscula Ulrich and Bassler, 1904, Maryland Geol.

Surv. Miocene, p.99, (vol. 1), pI.35, flgs. 11-14 (vol. 2).

LeguminocEthereis clarkazra Swain, 1948, Maryland Dept' Geol. Mines,
and'Water Res., BulI.2,p.207, pl. 14, fig.6; Swain, 1951, U' S. Geol.

Surv., Prof. Paper 234-4, p. 43, pl. 6. fig. 18.

Trachyleberis clarkana M.alkin, 1,953, Jour. Pal., vol. 27, p. 792, pl. 82'

figs.1-3.

Echinocyth.ereis clarkana Mclean, 195'7, Bull. Amer. Pal', vol. 38, no' 167'
p. 84-85, pl. 10, figs. 3a-c.

Occumences: P.R.I. 27314 is a badly eroded specimen that
measures 0.80 mm in length, and P.R.L 27773 is a more typical
specimen (0.55 mm long) ; both figured specimens are from well
3-S at 115 feet in the Coleman Bridge section; other occurrences
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are limited to the same section, well 1-SW at L2B feet, well 1_SE
at 128 f,eet, and well l-NW at 118 to 12g feet.

Genus HnulcyrHnnn Sars. 192b

Hemicgthere schmid,toe Malkin
Trachyleberis ? cf.T. angulata Swain, 19b1 (not Sars) U. S. Geol. Surv.,

Prof. Paper 284-A, p.29-80, pl. B, figs. 9_12.

Trachgleberis ? reesidei Swain, 1gS1, U. S. Geol. Surv., prof. paper
284-4, p. 30, pl. B, fig. 18"

Hemicythere schmi.d,tae Malkin, lgb3, Jour. pal., vol. 27, p. Ig6_7g7, pl. g2,
figs. 16-18; Mclean, l9b?, Bull. Amer. pal., vol. Bg, no. 16?, p.92_94,
pl. 12, figs. 2a-d; Sabol, 1960, Bull. Am.er. pal., vol. 41, no. 19f, p. 2Bg.

occu'rrences: This species, described by Doris Malkin curt-
is, is adequately figured and discussed in Mclean (lgb7) ; added
records are: localities C, F-1, G-1, J-1; well A_lL near Newport
News at a depth of 80 feet. The oufline of the test, particularly
in the hinge area, serves to separate this form from the very
eommon and very similar Atni,kt" conruili.

Genus Aunrr,l pokorny, J.gbb

Aurila conra.d,i (Howe and McGuirt)
Hemicythere conradi Howe and McGuirt, 1985, Florida Geol. Surv., Bull.

L3, p. 27-28, pl. B, figs. 81-84, pl. 4, fig. t7; Edwards, 1944, Jour. pal.,
vol. 18, p. 518, pl. 86, figs. 1Z-1g; Swain, 1951, U. S. Geol. Surv.,
Prof. Paper 234-A, p.42, pL.6, figs. 9-12; puri, 19b8, Washington
Acad. Sci., Jour., vol. 48, p. L76, pl. 2, figs. 1_2; Malkin, 1g58, Jour.
Pal., voI.27,p.796, pI.82, figs.16-1g; Swain,1955, Jour. pal., vol.
29, p. 635, pl. 62, figs. Ba-c.

Aurila corwadi Mclean, 1gb7, Bull. Amer. pal., vol. Bg, no. 162, p. g4_8,
pl. 11, figs.7a-b; Sabol, 1960, Bull. Amer. pal., vol.41, no. 1g1, p.
238, pl.27,figs.9a-c; P.uri, 1960, Trans. Gulf Coast Assoc. Geol, Soc..
vol. 10, p. 129-130, pl. B, figs. 9, 10.

Ocatrrences: Additional records for this abundant form
are: localities C, D, E-1, F-1, G-1, J-1; well A-11 nearNewport
News at 65 feet; Chesapeake Bay Bridge-Tunnel, well A-2 at
70 feet.
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Genus IrOxOcONCnl Sars, 1865

Lo no concha puri,subrhomb oidea Edwards

Plate 22, Figures 5, 6

Loroconcha purisubrhomboiilea Edwatds, ira Puri, 1953, Jour' Pal', vol'

27, p.750; Puri, 1954 (1953), Florida Geol. Suw', Bull' 36' p' 274,

pl. i0, fig. 8, text fig. 10h; Mclean, 195?, Bull. Amer' Pal', vol' 38, no'

167, p. 71-72, pl. ?, figs. 4a-e.

Loooconcha subrhomboi'deo Edwards (not Brady, 1E80), 1944, Jour' Pal',

vol. 18, no. 6, p. 527, p1.88, figs. 28-32; Swain (?), 1951, U' S' Geol'

Surv., Prof. Paper 234-A, F. 25, pl. 2, figs. 18-19; Malkin, 1958'

Jour. Pal., vol. 27, no. 6, p. 78?, and pl. 80, figs' 13-1'? (figured as

L. reticularis'1.

Ocsun'ences: P.R.I. 272L8 (length 0.34 mm) is a rather
smooth, untypical specimen from locality 37; P'R'I' 27L80

(length 0.68 mm) is an eroded specimen from well 3-S, Cole-

man Bridge section, at 95 feet; other occurrences are: localities

C, and F-l; Coleman Bridge secton' well 1-SE ei L28 to 170 feet'
well 1-NW at 118 feet.

L o n o con chn r eti'cularis Edwards

Lonoconcha reticularis Edwards, 1944, Jour. Pal', vol' 18, no' 6, p' 527'

pI.88, figs. 26-27i Puti,1964 (1953), Florida Geol' Surv'' Bull' 36'

p. zln, p1. fo, ng' ?, texb fig. 10e; Mclean, 1957, Bull' Amer' Pal"

vol. 38, no. 16?, p.72-73, pl. 7, figs. 5a-b'

Occurremce: Locality C has a few specimens of this form
as illustrated and discussed in Mclean (L957)'

Genus CvtnnnouoRPuA Hirschmann, 1909

Cgtheromorpha ef . warneri Howe and Spurgeon

Plate 22, Figures 7, 8

Cgtheromorpha warneri.Howe and Spurgeon, L935, in llowe et al' Florida
Geol. Surv., Bull. 13, p. 11-12, pl. 2, figs' 5, 8-9, pl' 4, frg' 4; Swain'

1951, (C.cf. u;arneri) U. S. C*t. Surv., Prof' Paper 234-A, p' 49' pl'

?, figs. 1&19; Malkin, 1953, Jour. Pal., vol.27, p' ?87, pl' 80, figs'.18-

tb ; iuri, 1954 ( 1953) , Florida Geol' Surv', Bull' 36, p' 277 ' 
pl' 6' .figs'

S-i, text figs. 11f-g; Puri and Hulings, 195?, Trans' Gulf Coast Assoc'
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Geol. Soc., vol. 7, p, 18?, fig. 11; Puri, 1960, Trans. Gulf Coast Assoc.
,Geol. Soc., vol. 10, p. 114, pl.3, figs. 11,L2, 'text fig.36.

Cgtlteromorpha ct. warner'i McT*an, 195?, BulI. Amer. Pal., vol. 88, no.
167, p. 70-71, pl. ?, figs. 8a-b.

Ocatmences: P.R.I. 27262 is 0.53 mm long and comes from
locality 11; P.R.I. 2723L (0.44 mm long) comes from locality B0;
other specimens are from locality 18.

Genus 'CytnnnnrrA G. W. Muller. 1894

Cy theretta ulri;chi, P ari

Platn 22, Figure 9

Plate 23, Figure 1

Cgthere plebeia Ulrich and Bassler (not Reuss), 1904, Maryland Geol.
Surv., Miocene, p. 102-103 (vol. 1), pl.85, figs. 20-29 (vol.2).

Cgthere plebein, .var. capan Utrich and Bassler, 1g04, Maryland Geol.
Surv., Miocene, p. 103 (vol. 1), pl. Bb, figs. B0-BB (vol. 2).

Cgthere porcella Ulrich and Bassler, 1904, Maryland Geol. Surv., Mio-
cene, p. 106-107 (vol. 1), pl. 86, figs. 26-83 (vol.2).

Cgtheretta plebeia Swain, 1g48, Maryland Dept. Geol., Mines, and Water
Res., Bull. 2, p.212, pl. 14, figs. 3-4; Malkin, 1953, Jour. Pal., vol.27,
p. 790, pl. 81, figs. 1-6,9.

Cgtheretta ulrichi, Puri, 1952, Jour. Pal., vol. 26, p. 204-205, pl. 89, fig.
8, text figs. 6-7; Mclean, 195?, Bull. Amer. Pal., vol. 88, no. 167, p. g2,

pl. 12, figs. 8a-d; Sabol, 1960, Bull. Amer. Pal., vol. 41, no. 191, p. 238.

Cgtheretta porcella Swain, 1951, U. S. Geol. Surv., prof. paper 284-A,
p. 45, pl. 4, fig.7.

Ocarrrences: P.R.I. 27185 (1.18 mm long) is from a depth
of 105 feet and P.R.I. 27t75 (0.83 mm long) is from 115 feet in
well 3-S of the Coleman Bridge section. Other occurrences are:
Coleman Bridge section, well l-SW at 123 feet, well l-SE at 128
feet, well l-NW at 118 feet, well 3-N at 135 feet; well A-11 near
Newport News at 160 to 195 feet; Chesapeake Bay Bridge-Tun-
nel, well M-62 at 44 to 54 f.eet.
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Genus HulrNcsrNa Puri, 1958

Hulingsi,na ashermami (Ulrich and Bassler)

Plate 23, Figure 4
Cgtherideis asher'mani Ulrich and Bassier, 1904, Maryland Geol. Surv.,

Miocene, p. 126 (vol. 1), pl. 3?, figs. 10-16; Howe et al., 1935, Florida
Geol. Surv., Bull, 13, p. 14, pl,3, figs.8-10; Edwards, 1944, Jour. Pal.,
vol. 18, p. 5L4, pl. 86, figs. 1-4; Swain, 1948, Maryland Dept. Geol.,
1if4ines, and Water Res,, Bull. 2,p.!95, pl. 13, fig. 1; Puri, 1952' Jour.
Pal., vol.26, p.910, pl.130, figs.4-8, text figs.1-2; Malkin' 1953,

Jour. Pal., vol. 27, p. ??8, pl. ?8, figs. 1-13; Puri, 1954 (1953) , Florida
Geol. Surv., Bull. 36, p. 28&287, pl. 9, figs. 4-8.

Cvtherideis longula Ulrich and Bassler, 1904, Maryland Geol. Surv.,
Miocene, p. 138 (vol. 1), pI.37, figs.2L-27 (vol. 2); Swain, 1948,

Maryland Dept. Geol., Mines, and Water Res., Bull. 2, p. 195, pl. 13'

fie.2.

Cgtheri.ilei,s semicircularis Ulrich and Bassler, 1904, Maryland Geol.
Surv., Mioeene, p. !27 (vol. 1), pl. 37, figs. 18-20 (vol. 2).

Cush,mawidea asherman'i Mclean, 1957, BuIl. Amer. Pal., vol. 38, no. 16'7'

p. 77-78, pl. 8, figs. 5a-f ; Sabol, 1960, Bull. Amer. Pal., vol. 41, no'

191, p.235.

Huli,ngsi,na ashermani Puri, 1958, Trans. Gulf Coast Assoc. Geol. Soc.,

vol. 8, p. 178.

OcetuT ences: P.R.I. 27311 (0.64 mm long) is from well A-11
near Newport News at a depth of 80 to 81.6 feet; locality A-3 is
the only other new occurrence.

Hul;i,ngsinn ulri,clai, (Howe and Johnson)

Plate 23, Figure 3

Cgtherideis ulrichi, Howe and Johnson, 7935, in flowe et al., Florida Geol.

Surv., Bull. 13, p. 16, pl. 3, figs. 11-14; Puri, 1952, Jour. Pal, vol. 26,
p. 911, pl. 130, figs. 11-13, text figs. 5-6; Puri, 1954 (1953), Florida
Geol. Surv., Bull. 36, p. 287, pl. 9, figs. 11-13.

Cytherideis subaequ.olis ulrichi Malkin, 1953, Jour' Pal., vol. 27, p' 779,
pl. 78,'figs. 18,21.

Cush,mnnidea ul:r'iclvi Mclean, 195?, 8u11. Amer. Pal., vol. 38, no. 16?,
p. 79, pl. 9, figs. 3a-d.
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Occurrence: A single specimen, P.R.I. 27188 which is 0.81
mm long, was recovered from the Coleman Bridge section, well
3-S at a depth of 105 feet.

Family 'Cytnrnnllroln

Genus Cytunnnr,r,.l, Jones, 184g

Cyther eIIa chip olensi,s P uri

Plate 23, Figure 5

Cgtherella chipolensis Puri, 1954 (1959), Florida Geol. Surv., Bull. 86,
p. 300-301, pl. 17, figs. 5-6, text figs. 1-4e-g; Mclean, 1957, Bull.
Amer. Pal., voi.38, no. 167, p. 95, pI.12, figs. 5a-b.

Ocatrrence.' A I'one speeimen frorn 165 to 166 feet in well
A-11 near Newport News (P.R.I. 27312) reaches a length of 0.80
mm.

Ostracoda spp. incertae sed)is

Plate 23, Figures 6-8

These specimens, of unknown genera and species, occur as
follows:

P.R.I. Number Dimensions Localities
27165 0.59 mm Well 3-S at

105 feet
27L74 0.57 mm Well 3-S at

115 feet
27187 0.67 mm Well 3-S at

105 feet
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FonaurNrnERA AND Osrnaconl

ExpLRN,q.rtoN oF Pr,ltn 1

Figure

7 Tertulari,aarticulota d,Orbigny

Side view, P.R.I. 27154 (Z0X).

2, 3 Tertulariu candeiarut d,Orbigny

2-Side view, P.R.I. 27ZEg (bTX).

3-Side view, P.R.I. ZTZ|A (162X).

4, 5 Tentuluri.u pseud,obl;iqua, Mclean

4-Side view, P.R.I. Z7I92 (bgx).

5-Side view, P.R.I. 27t78 (b8X).

6 Te*tularin obl;i,quo Clapp

Side view, P.R.I. 2731G (bgx).

7,8 Te*tularri,a sp. A

?-Side view, P.R.I. Z7t7Z (6TX).

8-Side view, P.R.I. 27t81 (GgX).
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Expr,RNRrtoN oF Pr,atr 2

Figure

I Tertulari,a,sp. B

Side view, broken specimen, P.R.I. ZTZSS (1b6X).

2 Tertulurta sp. C

Side view, broken specimen, P.R.L 27210 (1SgX).

3a, b Quinqueloculina lamarckianu d'Orbigny

4a,b 3a, b-Side views, P.R.I. 27208 (171X).

5a, b 4a, b-Side views, P.R.I. Z7Z4g (T2X).

5a, b-Side views, P.R.I. Z7ZL6 (65X).

6a, b Qui,nquelocul;itm semi,nulo (Linnaeus)

7a,b 6a,b-Side views, P.R.I. 27205 (O4X).

7a, b-Side views, P.R.I. 27240 (60X).

81



VmcrNrn DwIsIoN or MrNnru.L RESouR.cEs Pr"nrn 3

3b

\

$



VIRGINTA DrvtsroN or MrNpnl,l Rnsouncns Plarp 3



FonLurNrrERA AND Osrucooa

Expt"l,NlrroN or. Putu 3

Figure

la, b Qainquel,ocultina semtmtlo (Linnaeus)

Side views, P.R.I. 27227 (60X).

2 PErgo d"enti,uulata (H. B. Brady)

Side view, P.R.I. 27307 (66X).

3a, b Trocham.rruinn, sp.

Side views, P.R.I. 27304 (58X).

4 Robuhts Mner'ica%us (Cushman)

Side view, P.R.I. 27t69 (62X).

5 Robulus calcar (Linnaeus)

Side view, P.R.I. 27166 (63X).

6 Robulus pseud,oiota McI-ean

Side view, P.R.I. 27375 (143X).

7 Robulus sp.

Side view, P.R.I. 27277 (158X).

8 Matrgi,n;u,l:i"na sp. A

Side view, P.R.I. 2728I (56X).
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Expr,.lNarroN oF Plarp 4

Figure

I Margtrm,li,nn sp. B

Side view, P.R.I. 27286 (t77X).

2 Margiwu,linn sp. C

Side view, P.R.L 27275 (173X).

3 Margirm,li,na sp. D Clapp

Side view, P.R.I. 27303 (bZX).

4 Nodosaria, oatesbyi subsp. ltustonae Melean, n. subsp.

S,ide view of holotype, P.R.I. 2732L (58X).

5 Lagenn he*agona, subsp. scdariformi,s (Williamson)

Side view, P.R.I. 27322 (162X)

6 Lagma la,eais (Montagu)

Side view, P.R.I.27213 (1S4X).

Tarb Lagena pagen/e Mclean, n. sp.

8 7a-Side view; ?b-apertural v,iew, paratype, P.R.I.
9a, b 27294 (144X).

8-Side view, paratype, P.R.I. 27260 (L44Xr.
9a,b*Side views of holotype, P.R.I. 27249 (160X).

9a-Specimen lighted from normal position.
9b-Same specimen lighted from side only.
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Figure

1,2 Lagenn pseud,osulcata M:cLean

l-Side view, P.R,I. ZTZ\T (172X).

2-Side view, P.R.I. 27209' (1G2X).

Note difference in aperture of this specimen as com-
pared with Figure 4 below.

3 Lagena substriato (Williamson)

Side view, P.R.I. 27274 (1G8X).

4,5 Lagena sulcata (Walker and Jacob)

4-Side view, P.R.I. 27246 (148X)

5-Side view, P.R.L TTLGB (169X).

6,7 Lagena tenui,s (Bornemann)

6-Side view, P.R.I.27gZ0 (1b5X).

?-Side view, P.R.I. 2TZgg (1S0X).

8 Lagerut, sp.

Side view, P.R.I. 27288 (1G1X).

9 Guttulina pseudocostatula Mclean

Side view, P.R.I. 27194 (55X).
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Expr,lrtarroN oF PLATE 6

Figure

l, 2 Si,gmomorphinn semi,tecfo subsp. terquemiano (Fornasini)

l-Side view of untypical form, P.R.I. 27247 (160X).

2-Side view of typical form, P.R.I. 27287 (74X).

3 Sigm,omorpluina sp.

Side view, P.R.I. 27273 (168X).

4a,b Nonion grateloupi, Clapp

Opposite side views ,of same specimen, P.R.I. 27L90
(62x) '

Note umbilical plug on one side and pustules on
opposite side.

ia,b Noni,on grateloupi d'Orbigny

6a, b 5a-Side view; 5b-apertural view, P.R.I. 2727L (60X) .

6a-Side view; Gb-apertural view, P.R.I. 27267 (64X).

Ta,b Noni,on med;iocostata,s (Cushman)

8a, b 7a-Side view; 7b-apertural view, P.R.I. 27182 (58X).

8a-Side view; 8b-apertural view, P.R.I. 27168 (67X).
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ExpraxlrroN oF Plam T

Figure

la, b Nonion pizurrensis (W. Berry)
2 la, b-Opposite sides, p.R.I. 27lgl (61X).

2-Side view, P.R.I. ZTt89 (63X).

3a-c Noruionella auris (d,Orbigny)

4a-c 3a, b-Opposite sides; Bc-apertural view, p.R.I. 27160
(60x).

4a, b-Opposite sides; 4c-apertural view, p.R.I. 2IZ0g
(63X).

5 Etphidfum ad,aena (Cushman)

Side view, P.R.I. 2Tt59 (168X).

6a, b Elph;i.d,ilum claaatum Cushman

7a,b 6a-Side view; 6b-apertural view, p.R.I. 27L62 (62X).
8 7a-Side view; 7b-apertural view, smallest specimen

on slide, P.R.I. Z7tE6 (6SX).

8-Side view, largest specimen on same slide, p.R.I.
27156 (68X).
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ExpmxlrtoN oF Pu,rr 8

Figure

1-7 Elphidi,um florenti,rut"e Shupack

All figures labeled b are apertural views and all figures
labeled a or c are opposite sides or single sides of given
specimen.

Ia, b-P.R.L 27L70 (66X).

Za-c-P.R.I. 27241 (OgX).

3a, b-P.R.I. 27234 (bSX).

4a-c-P.R.I. 27215 (5SX) .

5a-c-P.R.I . 27219 (OtX).

6a, b-P.R.I. 27758 (65X) .

7a, b-P.R.I. 272L7 (1b5X) .
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ExpllmltroN oF Pr"nrn g

Figure

I, 2 Buliminella elegantdssimn (d'Orbigny)

3a, b L-Back view, P.R.I. ZTZBZ (178X).
Z-Back view, P.R.L 27228 (164X).
3a, b-Back and apertural views, P.R.I. ZTZ\G (1S0X).

4,5 Bul;imina gracilis Cushman

Apertural views of specimens ,on same slide, P.R.I.
27167 (58X).

6 Bul;imi.na gracil;i,s subsp. calaeri Mclean, n. subsp.

Apertural view of Holotype, P.R.I. 27298 (114X).

7 Entosoleruia carteri Mclean

Side view, P.R.I. 27270 (1G4X).

8a, b Entosoleni,a nod,osa Wiesner

Sa-Side view; 8b-apertural view, P.R.I. 272b1
(156X).

9a, b Entosoleruia bifida Mclean, n. sp.

9a-Side view; 9b-apertural view of Holotype, P.R.I.
27292 (143X).

10 Entosolenia sp.

Side view, P.R.I. 27222 (lbGX).
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Figure

L,2 Boliuinn Lafayettei Mclean

L-Side view, P.R.I. Z7Z7g (164X).

2-Side view, P.R.I.27ZgB (161X).

3-7 Boliaina paula Cushman and Cahill

3-Side view, P.R.I. 27295 (120X).

4-Side view, P.R.I. 27296 (200X).

5-Side view, P.R.I.27297 (162X).

6-Side view, P.R.I. Z7ZLZ (160X).

7-Side view, P.R.I. ZTZgg (181X).

8 Boli,aina sp. A

Side view, P.R.I. ZT2E6 (168X).

9 Bol;iaina pl;icatella subsp. mera Cushman and ponton

Side view, P.R.I. 27gtT (16bX).

10 Bol;i,oina sp. C

Side view, P.R.I. 27207 (168X).

11 Boliaina striatula Cushman

Side view of badly damaged specimen, p.R.L 27279
(173X).
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Figure

1 Boliairta striatulo Cushman

Side view, typical form, P.R.I. 2T290 (16bX).

2,3 Boliaina marginata subsp. mru,lticostata, Cushman

2-Side view, megalosphaeric form, P.R.I. 2TZ\Z (170X).

3-Side view, microsphaeric form, P.R.I. Z72gO (166X).

4 Boliaina sp. B

Side view, P.R.I. 27ZZB (164X).

5, 6 Lorostomum wilsorui Mclean

5-Side view, P.R.I.27285 (1G4X).

6-Side view, P.R.I. 27224 (tT7I').

7 Uai,gerina auberinna. d'Orbigny

Side view, P.R.I. 27319 (1b5X).

8, 9 Uai.gerina culuertensis Cushman

8-Side view, P.R.I. 27204 (62X).

9-Side view, juvenile form, P.R.I. 27250 (165X).
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Expr,axRuoN oF PLATE 12

Figure

L Uaigerinn calaertensi,s Cushman

Side view, adult form, P.R.I. 27250 (t6bx).

2 Uaigerinu curmeloensis Cushman and Kleinpell

Side view, P.R.I. 27291 (16SX).

3,4 Uoigerina cf. tenui,stri,afo Cushman (not Reuss)

3-Side view, P.R.I. ZTZ\S (168X).

4-Side view, P.R.I.27ZGt (168X).

5, 6 Uai,geri,nn sp. A

5-Side view, P.R.I. Z72g9 (192X).

6-Side view, P.R.I.27ZZt (169X).

7 Buli,mi,na inflata Seguenza

Side view, P.R.I. 27201 (59X).

This form is not very well figured due to deterioration.

8 Buli,mi,na ef. preacantluin Mclean

Side view, P.R.I. 2716L (L72X).

9 Angulogeri.na occi.dental;is (Cushman)

Side view, P.R.I. 27283 (163X).
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Figure

I Ansulogerina sp.

Side view, P.R.I. 27L57 (168X).

2a,b Parafi,ssurina marginato (Walker and Jacob)

2a-Side view; 2b-apertural view, p.R.L 27\gg
(161X).

3a-c Discorbis cand,eiana (d'Orbigny)

4a-c 3a-Dorsal v,iew; Bb-apertural view; Bc-ventral
view, P.R.I. Z7Z4Z (61X).

4a-D,orsal view; 4b-apertural view; 4c-ventral
view, P.R.I. 27244 (bZX).

5a, b Discorbi,s consobNrm, (d'Orbigny)
5a-Dorsal view; 5b-ventral view, p.R.I. 27196 (ZOX) .

6a-c Discorbis floridnna Cushman
7a,b 6a-Dorsal view; 6b-apertural view; 6c-ventral

view, P.R.I. 27254 (63X).
Ta-Dorsal view; Tb-apertural view, p.R.I. 27264

(185X).

Sa-c Discorbis sp.

8a-Dorsal view; 8b-apertural view; gc-ventral
view, P.R.I. 27ZEZ (6bX).
This form may be Discorbis floridana, but cham-
bers of final whorl differ in shape from typical
D. floriilann.

103



104 Vncrurl, DryrsroN or MrNpnq;, Rnsouncss PLATE 14



104 VmcINIra DryrsroN op MrNpru,l Rpsouncns PLATE 14



Fonl.urNrrERA AND Osrna.conl

Expr,AulrtoN oF plam 14

Figure

la,b Discorbis floriilana Cushman

la-Dorsal view; lb-ventral view p.R.I. Z7Lg5
(133X).

Za,b Valaul;ineri,a florid,ana Cushman

Za-Yentral view; 2b-apertural view, p.R.I. 27269
(58X).

3a-c Buccelln depressa Andersen

4a,b 3a-Dorsal view; Bb-apertural v,iew; 3c*ventral
Ea_c view, P.R.I. Z7L7I (64X).

4a-Dorsal view; 4b-ventral view, P.R.I. 27268 (TlX) .

5a-Dorsal view; 5,b-apertural view; bc-ventrai
view, P.R.I. 27290 (59X).

6a, b Buccella mansfi,eldi, (Cushman)

7a,b Ga-Dorsal view; 6,b-ventral view, P.R.I. 2T906 (74)f*).

7a-Yentral view; ?b-dorsal view, P.R.I . ZTBZS (60X) .
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Figure

la-c Buccella munsfi,eldi (Cushman)

la-Dorsal view; lb-apertural view; lc_ventral
view, P.R.L 2TL9B (6BX).

2a,b Buccella parkerae Andersen

3a, b 2a-Dorsal view;2b-ventral view, p.R.I. 27206 (bbx).
4a,b 3a-Dorsal view; Bb-ventral view, p.R.I. 27206 (bbx).

4a-Dorsal view; 4b-apertural view, p.R.I. 27270
(176X).

5a, b Rotal;i,a bassleri Cushman and Cahill

6a, b 5a-Dorsal view; bb-ventral view, p.R.I. ZTgIg (b?X) .

Ga-Dorsal view; 6b-ventral view, p.R.I. Z7Bl0 (26X) .

Ta-c Rotali,a beccarii subsp. tepid,a,Cushman

8a, ,b 7a-Dorsal view; ?b-apertural view; Tc_ventral
v,iew, P.R.I. Z7ZE9 (68X).

8a-Dorsal view; 8b-ventral view, p.R.I. 27229
(18eX).
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Figure

la-c Rotalia beccarii subsp. tepida Cushman

3a-c la-Dorsal view; Lb-apertural view; lc-ventral
v,iew, P.R.I. ZTZZE (19bX).

3a-Dorsal view; Bb-apertural view; Bc-ventral
view, P.R.I. 27t97 (6BX).

2a,b Rotal;ia beccuri,i, ? (Linnaeus)

Aa-c 2a-Dorsal view; 2b-ventral view, p.R.I. 2Tg0E
(L'I7X).

4a-Dorsal view; 4b-apertural view; 4c-ventral
view, badly eroded, P.R.I. 27248 (66X).

:.

5a, b Cancris sagra (d'Orbigny)

5a-Ventral view; 5b-dorsal view, P.R.I. Z7lgg (6BX).
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Figure

1a, b Ca,ssidulfum cra,ssa, d'Orbigny

la-Side view; lb-apertural view, P.R.I. 27265
(155X).

2a,b Cassidulina lueuigata subsp. carinata Cushman

2a-Side view; 2b-apertural view, P.R.I. 27268
(187X).

3 Globigerina sp. form A Mclean

Side view, P.R.I. 27266 (180X).

4a,b Globi,gerina sp.

Opposite views, P.R.I. 27151 (165X).

\a,b Globigerina sp. form E Mclean

Opposite views, P.R.I. 27248 (153X).
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Figure

la, b Globigeri.na sp. form E Mclean

Opposite views, P.R.I. 2721t (106X).

2a,b Globigerirw sp.

Opposite views, P.R.I. 27300 (170X).

3 Orbul;inu uniuersa, d'Orbigny

View of P.R.I. 27284 (150X).

4a-c Globorotalia menardii (d'Orbigny)

4a-Dorsal view; 4b-apertural view; 4c-ventral
view, P.R.I. 27257 (58X)

ia-c Cibicides americanus (Cushman)

5a-Dorsal view; 5b-apertural view; 5c-ventral
view, P.R.I. 27258 (GgX).
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Figure

La, b Ci,bi,eides americanus (Cushman)

la-Ventral view; lb-dorsal view, P.R.I . ZTBOL (61X) .

2a,b Ci,bi.cid,es sp.

Za-Yentral view; 2b-dorsal view, P.R.I .27lgg (b6X) .

3 Hanzauuia concentrica (Cushman)

Ventral view, P.R.I. Z7tbg (61X).

4 Dgocibi,ciiles perforatus Cushman and Valentine

Dorsal view, P.R.I. ZT\0Z (61X).

5a, b Cibicid,ella aariubili,s (drOrbigny)

5a-Dorsal v,iew; 5b-apertural view, P.R.I. Z7Z7Z
(165X).

t
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Figure

L Cytltera,rq, bajacala Benson

View of P.R.I. Z7ZZ0 (t4tx).

2 Cgth,er"ura reti,culata Edwards

View of P.R.I. Z7z0Z (EZX).

3a, b Clith,rocgtherifl,ea d:iagonnl;i,s Malkin
4a,b 3a-Exter,ior view; 3b-interior view of right valve,

5a, b P.R.I. 27176 (60X).

4a-Exterior view; 4b-interior view of left valve,
P.R.r. 27L79 (55X).

5a-Exterior view; 5b-inter,ior view of left valve,
P.R.r. 27164 (63X).

6a, b Actinocythere,is eranthemnta subsp. gomi,llinnensis (Howe
and Ellis)

Ga-Exterior view; 6b-interior view of right valve,
P.R.r. 27186 (58X).
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Figure

la, b Actinocythereis erantluemntasubsp. gomilli,onensr's (Howe
and Ellis)

la-Exterior view; lb-interior view of right valve,
P.R.r. 27308 (58X).

2 Actinocytherei,s eranthemnfa,subsp. marEland;ico (Howe
and Hough)

Exter,ior view of fragment, p.R.I. ZTZgg (bgx).

3a, b MtnruEina burclayi Mclean

3a-Exterior view; 3b-interior view of right valve;
juvenile form. P.R.I. 27200 (6BX).

Aa,b Murrayina gunteri (Howe and Chambers)

4a-Exterior view; 4b-interior view of right valve,
P.R.r. 27309 (48X).

ia,b Murraginu houei, Puri
6a,b 5a-Exter,ior view; 5b-interior view of right valve,

P.R.r. 27184 (53X).

Oa-Exterior view; Gb-interior view of left valve,
P.R.r. 27L77 (60X).
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Figure

L Murragina h,otneo puri

Exter,ior view of left valve, p.R.I. ZTlgg (b?X).

2 Murrayina marfiwi (Ulrich and Bassler)

Exterior view of left valve, p.R.I. Z7glg (bgx).

3 Echinocythereis clarka/na, (Ulrich and Bassler)

Aa,b 8-Exterior view of badly eroded left valve. p.R.I.
27314 (60X).

4a-Exterior view; 4b-interior view of left valve.
juvenile, P.R.I. ZTtTg (6ZX).

5 Lonoconcha puriswbrhomboi.d,ea Edwards

6a, b 5-Exterior view of right valve, p.R.I. ZTZl-.g (192X).

6a-Exterior view; 6b-interior view of left valve.
P.R.r. 27180 (60X).

7, 8 Cytlteromorpha cf . wa,rneri Howe and Spurgeon

T-;Exterior v,iew of left valve, p.R.I. 27262 (60X).

8-Exterior view of right valve, p.R.I. ZTZ\I (7ZX).

9a, b Cgtlteretta ulrdchi, P:uri

9a-Exterior view; 9b-interior view of right valve,
P.R.I. 27185 (53X).

lzr
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Figure

1, CUtheretta ulriclui, Pari
Exterior view of right valve, P.R.I. 27175 (5ZX).

2a, b Cli,throcgtlt eriilea ai,rgi,%ierlsi,s Malkin

Za-Exterior view; 2b-interior view of right valve;
juvenile form. P.R.I. 27226 (69X).

3a, b Hulingsinn ulriclt;i, (Howe. and Johnson)

3a-Exterior view; 3b-interior view of right valve,
P.R.r. 27188 (57X).

4 Hulings'irm ashermatui, (Ullich and Bassler)

Exterior view of left valve, P.R.I. 2731L (59X).

5 CAtluerelln chi,polensis Pafi
Exterior view ,of left valve, P.R.I. 27312 (63X).

6a, b Ostracoda 'incertae seilis

7a,b Ga-Exterior view; 6b-interior view, P.R.I. 27165

8a, b (61x) '

7a-Exterior view; 7b-interior view, P.R.I. 27174
(63X).

8a-Exterior view; 8b-interior view, P.R.I. 27187
(58X) '
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