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PLANKTONIC FORAMINIFERA AND THE CRETACEOUS-TERTIARY

BOUNDARY IN CENTRAL DELAWARE

Abstract

Th e upp ermost Cretaceous an d lowermo st Terti­
ary planktonic Foraminifera obt ain ed from cores
taken in a deep well near Dover, Del a war e are
studied. The C retaceous foram inifers a re of the
ll et eroheli x--Glo botruncana assemblage and a re
probably of lat e Maes rrichri an age , The Dan ian
Globorotal ia compressa • Globi~erinoides daubje r­
gens i s zo ne li e s immedi a tel y above. T he Cre ta­
ceous-Tertia ry boundary is at a dep th o f approxi­
mat el y 980 feet and lies within a gray, g lauconitic
silt.

In troduction

Many stud ies in recent years ha ve demon strated
the usefulness of th e planktonic Foraminife f a in
the determinacion of the posit ion of the div id ing
li ne between rocks of Tertiary and Cretaceous
ages. The locat ion of the C re taceous-T ert iar y
boundary prov ides essent ially a tim e refer ence
pla ne wh ich is nec e s s ary to correl ation from well
to we ll and which co ntributes co t he ti me ref eren c e
frame work to which the deposit ional history of the
sed iments may be referred. This is of particular
import ance in Delaware where data must be ob­
ta ined from well s due to the scarc ity of out crop s
and where rock un it s commonly grade into one an­
other ver tically and lat erall y so t har rheir rel a­
ti on s hip s may be obscur~d. On t he De laware Coast­

al Plain a lmost all of t he water used for purposes
other than cool ing is drawn from wells. The ef­
fici ent explo ita t ion of the area's nat ural re source s
is dependent upo n a thorou gh kn owledge of it s
geology .

The write r wishes to acknowledge, with gra t i­
tude, the advice and gu idance received fro m Drs.
Steven K. Fox and Richard K. Olsson of Rutgers
Uni ve rs i ty. T he i llustrations we re prepared by Mr.
Ro y F. J ernigan, J r., l'nive rs i ty o f Delaware.

Foraminifera and the Cretaceous­
Tertiary Boundary

A s uccession of co res tak en d ur ing th e dr ill ing
of a deep wa ter t est we ll on th e Coasta l Plain o f
Delaware has affo rded t he opportun ity of s t udy ing
th e planktonic Foraminifera a t the Cre taceous­
Tertiary boundary. The welt in which the co res
were taken was drilled in 1957 on the Dover Ai r

1.

Force Ba se three miles southeast of Dover, Dela­
ware (FiR' 1). This well ha s been de signated as
Je32-4 in th e s tatewide well nu mbering syste m.
Co res eighteen in che s lon g were taken at intervals
of t en feet t hroughout th e 1422 foot well .

The s ed iments of C retaceous, Tertiary and Que-,
tern ary ag e which und erlie th e Co asta l Plain of
Delaware form a wedg e-shaped ma s s with the thin
edge at th e Fall Zone . The individu al units d ip
and generally t hi cken toward th e southeast . The
latest Cretaceo us uni t e xposed in Del a ware is the
Redban k Formation which c rops out in the bank s of
the Chesapeake and Delaware C anal (Groot, Org an­
ist an d R ichards , 1954). There are no outcrop s of
of sediments of undou bt ed P aleocene age in Dela­
ware. T he few non-Pl ei stocene e xposures present ­
ly known south of the C hesapeake and De laware
Canal a re weathered and unfoss il ife rous.

R asmu s s en , Groo t and Depm an ( 1958) presented
th e lo gs and hydrologi c properties of th e well a t
th e Do ve r Air Forc e Base and offered a pre limina ry
int e rpr et at ion of the s tratigraphy. In that report
the C retaceous-Tertiary boundary was placed at 737
feet . The present s tudy s ho ws t hat th e Cret aceous­
T ert iary boundary occ ur s bet ween 97 8.5 f eet

(bottom of t he deepest co re co nta ining P al eo cen e
Fo ram in ifera) and 987 fee t (top o f the hi ghest core
con ta in ing C retaceous Foram inife ra ).

Th e so-called " Iaunal break" 01 the pl anktonic
Foramini fer a at th e Cretaceous- T e rti a ry boundary
has been discussed by severa l a uthors , especially
Loeb licb and Tappan (1957a) . Th e Creraccous
lleterohelix-Ciobotrunoann assemblage 01 Lo eblich
and Tappan i s represented here in samp les 20667,

20668 and 20669. T he compl erel y different T erti­
ary Clobigerinu - Globorotali a asse mblage is found
direc tly above in s ample s 20663, 20664, 20665 and
20666T a nd B. The di stribution of specie s in the se
co re samples is s how n in Figure 2.

The plankton ic Fo raminile ra lrom samples 20667,
20668 and 20669 in di c at e a Maes tr ichtian age for
tho s e sedime n ts. Furth er, ev idence for a late
Mae s tr ichti an ag e i s fo und in th e pr e sence of

Pl onomolina messinae subcarinata (B ro n nima nn)

and Ru~of{lobi~erina [ers ey en sis Olsson . Th e
s tratigraphic range of rhe former is given by Bolli
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Figure I. Map showing location of test well at Dover Air Force Base
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( 1959), for Trin idad, as th e A bnthomnlialus m lrya~

roensis zo ne, the high e s t Maest richt ian Zone in
Trinida d. Nu~oglobi{!,crina [ers ey ensis was de­
s c ribed fro m t he Redbank Format ion of New Jersey
by O lsson (19(10) who stated that the Redbank fa una

is (p . 3) .... .possibly younger than t he Abathom­
plw/us mayaroen si s zone o f T rinidad ". Al tho ugh
a fe w additional fee t o f Cre taceous sediment 'Vpear
to be present above it, sample 20667 repr e s ent s
the youngest Cretaceous material yet rec orded in
t he State of Delaware.

None of the Cretaceous species continue upward
int o sample 20666 or above. Samples 20666~20663

con ta in the rather re srricred assemblage character­
is ti c of the Clobigerino compress a - Clobigerinoides
daubiergen si s zone of Loebli ch and Tappan (1957a,
b). This interva l is correlated with the type Danian
of Europe. The Globorotalia comp ressa - Clobi­
ge rinoides daubiereen si s zone is known from many
pa rts o f the world and has been traced in the Gul f
and Atlan tic Coastal Pla ins. The zone is present
in t he Bt igh tseat Forma tion of Maryland and in the
lo wer part of t he Ho rne r stown Formation o f New
J er se y. The next co re above samp le 20663 marks
th e start o f t he Clobigerin o - keeled Globorotali a
assemb lage indi ca ting a Late Pa leocene age ac­

cord ing to Lo e bl ic h and Tapp an (1957a, h). T hus
the upp er four co res di s c u s sed here represent the
ent ire Da nian seq uenc e pre s ent 10 the we l l.

T he Cretaceous-Tert iary bo unda ry indicated by
th e pl ank toni c Foram ini fe ra fa lls wi th in a s ingle
lithol ogi c uni t tha t is pre s en r between depths o f
6 15 and approximate ly 1070 feet. Th is thick unit
consists of gray silts and clays contai ning a small
but va riable a mount of glauconi te. Detailed petro­
graphic srudy by Jordan and Adams (1962) of the
co res discussed in thi s paper has fa iled to show a
sign ificant difference between C retaceous and Tert i­
ary samples in texture or mineralogy. Jo rdan and
Adams report ed a bentonite from the upper parr of
sample 20666 and the presence o f auth igen ic do lo­
mite in the lower port ion of tha t core.

Although the actual contact between the Creta­
ceous and the Tertiary is no t p resent in this set of
cor e s, the geophys ical logs do no t ind icate any
change be tween samples 20667 and 20666 and it i s
co ncluded that an uncon formity a t the bo undary is
not demon st rabl e in this well.

No forma tional name in cur rent use i s th ou ght to
be adeq ua re for the unit in which t he Cre taceous­
T er ti ar y boundary is found in the well at t he Dover
Ai r Force Hnsc. Fossiliferous outcrops of t he same
nge s as the co res discussed he re are no t known on
the Delmarva Peninsula. Outcropping t ime eq u iva-

4.

tent s found in neighborin g s ta tes differ in lithology,
an exp e cted re sult of faci e s changes bet we en up­
and downdip location s;

The nomencl at ure of subsurface an d s urface units
i s th e sub ject of a s tudy in prepara tion by the Dela­
wa re Geological Survey.

The usefulness o f the plankton ic Fo ram inifera
for loc at ing the C retaceous-Tertiary bou ndary has
been demonstrated many times and it is now cl early
applicable in Delaware. Study of the nature and
attitude of the boundary will continue as addi tional
subsurface data become available.

SYSTEMATIC DESCRIPTIONS

Fam;!y HETEROHELICIDAE Cushman, 1927

Genus HETEROHELI X Ehr enberg, 1843

HETE ROHELIX GLA BRANS (Cushman)

PI. I, F ig . I

Gumbelin a tes s era Cushma n, 1936, Geol, Soc .
Am. Bull. , v , 47, p. 418, pl. I , figs . 9a, b.

Gilmbe lin a {!,labrans Cushma n, 1938, Co ntr. Cush­
man L ab. Poram. Re s., v , 14, pt. I, p. 15, pI.
3, figs . 1a, b, 2. _. Cushma n a nd Hed berg, 1941,
Co nt r, Cushman L ab. Foram. Res. , v , 17, pt. 4,
p. 92 , pI. 22, fig s. 16a , b.··Cu shm an and Todd,
1943, Co ntr. Cushman L ab. Fo ram. Re s. , v, 19,
pro 3, p . 64 , pI. II , fig. 14.··Cu shm an , 1946,
u.s. Geol, Survey Prof. Paper 206, p. 109, pl.
46, figs. 17, 18.

ll eterohel i x gl abrOlls Olsson, 1960, J our. Pal eo. ,
V . 34, p, 26 , p l. 4, fig . 4.

Occu rrence. - lleterohelix globron s was found in
small numbers in sample 20669. It i s known from
th e Navarro Forma tion of the Gulf Coast and from
the Redbenk and "New Egyp t" (O lsson, 1960) Form­
a tions of New Jersey.

HETEROH ELIX NAVARROENSIS Loeblich

P I. I , Fig. 2

Il et eroh elix n avarroen si s I.oeblich, 1951 , Co ntr.

C ushman Found. Fo ram, Re s ., v, 2, p t. 3, p.
107, p l, 12, fi gs. 1-3b, te xt. fig, 1.-- Montanero
Gall irelli , 1957, U. S. Na t. Mus. Bull. 215, p,
137, pl , 31, figs. 5a·11. •• Olsson, 1960, Jo ur.
P aleo. , v, 34, p. 27, p l. 4, fig. 5.



Occurrence. - This species is known from the
Navarro of Texas and from the Redbank and
"New Egypt" Formations of Maestrichtian age
of New Jersey. It occurs abundantly in samples
20667, 20668 and 20669.

Genus GUEMBELITRIA Cushman, 1933

GUEMBELITRIA CRETACEA Cushman

Pl. 1, Fig. 4

Gumbelittia cretacea Cushman, 1933, Contr,
Cushman Lab. Foram, Re s., v, 9, pt. 2, p, 37,
pI. 4, figs. 12a, b. --Cushman, 1936, Geol, Soc.
Am. Bull., v, 47, p. 418, pI. 1, figs. 12a, b. -­
Jennings, 1936, Bulls. Am. Paleo., v•. 23, p.
186, pI. 30, figs. 12a, b. -- Cushman, 1938,
Contr, Cushman Lab. Forarn, Res., v, 14, p, 19,
pt. 1, pI. 3, figs. 14a,b. - Cushman and Hedberg,
1941, Contr. Cushman Lab. Foram, Res., v,
17, pt. 4, p, 91, pI. 22, fig. 17.--Cushman and
Todd, 1943, Contr, Cushman Lab. Forarn, Res.,
v, 19, pt. 3, p, 65, pI. 11, fig. 16. - Cushman,
1946, U. S. Geol. Survey Prof. Paper 206, p,
10'3, pI. 44, fig. 14.

Guembelitria cretacea Montanero Gallitelli, 1957,
V. S. Nat. Mus. Bull. 215, p. 136, pI. 31, figs.
1a,b. -- 01 sson, 1960, Jour. Paleo., v, 34,p.
27, pI. 4, fig. 8.

Occurrence. - This species is widespread in the
Upper Cretaceous. It was found in samples 20667,
20668 and 20669 of the present material.

Genus PSEUDOGUEMBELINA Bronnimann and Brown, 1953

PSElDOGUEMBELINA EXCOLATA (Cushman)

PI. 1, Fig. 3

Cuembelino excolata Cushman, 1926, Contr, Cush­
man Lab. Forarn, Re s., v; 2, pt. 1, p. 20, pI. 2,
fig. 9.

Gumbelina excol ata White, 1929, Jour. Paleo.,
v , 3, p. 34, pl, 4, figs. 7a,b. -- Cushman, 1938,
Contr, Cushman Lab. Forarn, Res., v. 14, pt. 1,
p. 17, pl, 3, figs. lla,b.-- Cushman and Hed­
berg, 1941, Contr, Cushman Lab. Forarn. Res.,
v, 17, pt. 4, p. 92, pI. 22, fig. 14.-- Cushman,
1946, u. S. Geol. Survey Prof. Paper 206, p.
108, pI. 46, fig. 16. -- Hamilton, 1953, Jour.
Paleo., v, 27, p. 234, pl. 30, fig. 11.

5.

Occurrence. - This species is known from many lo­
calities of Upper Cretaceous age. It is reported

from the Maestrichtian Redbank and "New Egypt"
Formations of New Jersey by Olsson. In the pres­
ent study it was found to occur very rarely in sam­
ples 20668 and 20669.

Genus CHILOGUEMBELINA Loebllch and Tappan, 1956

CHILOGUEMBELINA MORSEl (Kline)

PI. 1, Fig. 5

Gumbelina morsei Kline, 1943, Miss. GeoI. Sur­
vey Bull. 53, p. 44, pI. 7, fig. 12.

Chiloguembelina morsei Loeblich and Tappan,
1957b, U. S. Nat. Mus. Bull. 215, p. 179, pI.
40, figs. 2a,b; pI. 41, fig. 4; pI. 42, figs. 1a,b;
pI. 43, figs. 2, 6a,b.

Occurrence. - This species is known .frorn the Danian
of Europe and from formations of early Paleocene
age on the Atlantic and Gulf Coastal Plains, in­
cluding the Brightseat Formation of Maryland. It
occurs rarely in samples 20663, 20664, 20665 and
20666.

Family HANTKENINIDAE Cushman, 1927

Genus PLANOMALINA Loeblich and Tappan, 1946

PLANOMALINA MESSINAE SUBCARINATA (Bronnirnann)

PI. 1, Figs. 7a, b

Clobigerinello messinae subcarinata Bronnimann,
1952a, Bulls. Am. Paleo., v, 34, p, 44, pI. 1,
figs. 10, 11, text figs. 21a-m. -- Olsson, 1960,
Jour. Paleo., v, 34, p. 43, pI. 8, figs. 9, 10.

Remarks. - It is believed that relict apertures are
present on the Delaware 'specimens but too few
individuals are available to be certain. Bolli
(1959) placed this species in the genus P'lonomo­
Una because of probable relict, apertures, however
Planomalina messinae subcarinata was not illus­
trated.

Occurrence. - According to Bronnimam and to
Bolli this species is restricted to the Abathom­
phalus mayaroensis zone of the Maestrichtian of
Trinidad. Olsson recorded its presence in the
Redbank Formation of New Jersey. It is rare, and
only moderately well preserved, in sample 20669.



Genus BIGLOBIGERINELLA Lcttekee, 1948

BIGLOBIGER INE LLA MULTI SPINA Lal icke r

PI. I, Figs. 8a, b

Higlobieerin ell a mulus pinn Lal icker, 1948,
[ our, Paleo., v , 22, P. 6 24, pI. 92 , figs. 1·3c.
-- Ilolli, Lc ebl ich and T appan, 1957, U. S.
Na t. Mus. Bull . 2 15, p. 25, pI. I , figs. 11· 12b.

Re marks . - Thi s species was found in variou s
deve lopmen tal s tages ranging from immature forms
with a single final chamber and aperture to mature
forms with well developed pa ired final chambers
wi th an aperture in e ach, The specimen ill us­
t raced re pr esent s an inte rm ediate stage in which
the last formed chambers , although pai red, are
not distinctly separated. This st age is common
in the Del aware mate ria l.

Occurrence. - Th is species was o rigina lly de­
scribed from the Marlbrook Marl o f Arkans as. Ir
has s ub se q uendy been found in the Navarro. It
occurs in the Del aware samples 20667, 20668 and
20669 .

Family ORBULINIDAE Schultze, 1854

Genus GLOBIGERINA d·Orbigny. 1826

GLO BIGE RINA TR ILOClL INOIDES Pl ummer

P I. I , Figs. oa-c

Ctob ieerino trilo cul inoides P lummer, 19 26,
L'niv. Texas Ilul l. 2644, p. 134, pl . 8, fi gs. lOa
-c. -- Galloway and Morrey, 1931, Jour. P aleo.,
v. 5, p. 348, pI. 39 , figs. l1 a,b. -- Jenni ngs,

1936, Ilulls. Am. Pel eo ., v, 23, p. 193, pI. 31,
fig. 10. -- Cus hman, 1940, Con rr. Cus hman Lab.
Foram. Re s . , v, 16, pt. 3, p. 72 , pl . 12, figs.
l ya.b. -- T oulmin, 1941 , Jour. Paleo. , v , IS, p.
607, pl. 82, fig. 3. -- Cus hman and Todd, 1942,
Coo rr, Cushman La b. For am. Re s .• p. 43 , pl . 8,
figs. I, 2. -- Ileck , 1943, Jour. p aleo. , v. 17,
p. 609, pI. 108, figs . 2, 3. -- Klin e, 1943, Mis s.
Geol. Survey Bull . 53 , p. 59 , pI. 6 , figs . 12,
13. -- Cus hman, 1944, Com r. Cus hman Lab.
Fo rarn. Re s . , v, 20, pt. 2, p. 48, p l. 8, fig. 4. _.
Hrot z en , 1948. Sve r igqs . Geo l. U nde r s d k n ing,

Avh., ser. c , no. 493 (Arsbok 42. no. 2), p. 89,
pI. 17, fiJi. 2. -- Cushman, 1951, [ I. S. Geo l. Sur­
vey Pro f. Paper 232 , p. 60, pI. 17, figs. 10, I I.

6.

_. Bronni mann , 1952 b, Bulls. Am. P aleo., v, 34,
p. 172, pI. 13, figs. 13 - 18. -- Graham and
Classen, 1955, Conrr, Cus hman Found. Foram,
Re s., v , 6, pt. I, p. 28, pl. 5. fig s. l a, b. __
Weis s, 1955. Micropal eoncology, v, I, p. 308,
pI. I, figs. 18 - 2 1. -- Haynes, 1956, Conte.
Cushman Fo und. Fo ram. Re s. , v, 7, pt. 3, p, 99,
pI. 17, figs. 15-15b. -- Bolli, 1957, U. S. Nat .
Mus. Bull . 215, p. 70, pI. 15, figs. 18-20. __
Teoel sen, 1957, U. S. N? t. Mus. Ilull . 215, p.
129, pl , 30, fig. -la-c. -- Loeblich and Tap pan,
1? 57b, U. S. Na t. Mus . Bull . 2 15, p , 183, pI. 40,
fig s, 4a· c; pl. 4 1, figs. 2a-c; pl. 42, fig s. Za-c;
pI. 43 , figs. Sa-c: 8a-9c ; pl . 45 , figs. 3a-c; pI.
46 , figs. la-c; pl. 47, figs. Za-c: pl. 52, figs .
3-7; pl . 56, figs . Sa-c; pI. 62 , figs. 3a-4c.
~l sson, 1960, Jour. P uleo . , v, 34, p, 43, pI. 7,
figs. 22-24.

O ccurrence. - This well known species has been
reported from P al eo cene and early Eocene units
in many parts o f the world. It i s present in samples
20663, 20664 , 20665 and 20666.

Genus GLOBIGERINOIDES Cushman, 1927

GLOB IGER INOIDES DAl:B JERGENSIS {Bronnimann)

PI. I, Figs. oa- c

Clobigerina dau bje rgensis Bronnirna nn, 1953,
Ecl og, Geo l. He lvetine, v, 45 (1952), p. 340,
fig. I. -- Bolli, 1957, U. S. Nat. Mus . Bull.
215, p. 70, pI. 16, fig s. 13 - 15. -- T roel sen ,
1957, C. S. Nat. Mus. Bull . 215, p, 128, pl. 30,
figs. [- 2.

Globigerinoides daubie rgea sis I.oebl ich and
Tappan , 1957b, U. S. Na t. Mus. Bull . 215, p,
184, pl , 40 , figs . l a-c; Sa-c; pI. 4 1, figs. 9a-c;
pl. 42 , figs. 6a-7c; pI. 43 , figs. l a-c; pl. 44,
figs , 7-8c. -- Olsson, 1960 , Jour. Paleo. , v, 34,
p. 43 , pl. 8, figs. 4-6 .

R emarks . . In the materia l s tudied the supplementary
apertures on the spiral side are on ly rarel y visible .

O ccurrence . - The spec ies appears to be restri cted
to the Danian. It has been recorded fco m the Danian
of Europe and, on the Arlantic Coastal P la in, from
the Brightseat Formation of Maryland and the
H orn ers to w n Formation of New Jersey. It occurs
in the Del aware samp les 20663 , 20(-}64, 20665 and
20666.



Family GLOBOROTALIIDAE Cushman, 1927

Genus GLOBOROTALIA Cushman, 1927

GLOBOROTALIA COMPRES SA (Plummer)

Pl. 1, Figs. lOa-c

Globigerina compressa Plummer, 1926, Univ,
of Texas Bull. 2644, p, 135, pl. 8, figs. lla-c.
- Jennings, 1936, Bulls. Am. Paleo., v, 23, p,
193, pl. 31, fig. 8. -- Toulmin, 1941, Jour.
Paleo., v, 15, p. 607, pl. 82, figs. 1, 2 - Kline
1943, Miss. Geol.Survey Bull. 53,_p. 58, pl, 6,
figs. 5, 6. -- Cushman, 1951, U.S. Geol. Survey
Prof. Paper 232, p, 60, pl. 17, fig. 9. ­
Troelsen, 1957, U.S. Nat. Mus. Bull. 215,
p. 129, pl, 30, fig. 5.

Globorotalia compressa Bronnimann, 1952b, Bulls.
Am. Paleo., v, 34, p, 173, pl. 12, figs. 19-24. -­
Bolli, 1957, U. S. Nat. Mus. Bull. 215, p, 77,
pl. 20, figs. 21-23. -- Loeblich and Tappan,
1957b, U. S. Nat. Mus. Bull. 215, p, 188, pl, 40,
figs. 5a-c; pl. 41, figs. 5a-c; pl. 42, figs. 5a-c;
pl, 44, figs. 9a-10c. -- Olsson, 1960, Jour.
Paleo., v, 34, p, 45, pl. 8, figs. 20-22.

Occurrence. - This Danian index species has been
found in the Brightseat and Hornerstown Formations
in the Atlantic Coastal P lain. It is present in
samples 20663, 20664 and 20665.

GLOBOROTALIA PSEUDOBULLOIDES (Plummer)

Pl. I, Figs. 11a-c

Globigerina pseiulobulloides Plummer, 1926,
Univ, of Texas Bull. 2644, p. 133, pl, 8, figs.

9a-c. -- Cushman, 1940,Contr. Cushman Lab.
Foram, Re s., v, 16, pt. 3, p. 72, pl, 12, fig. 16.
-- Cushman and Todd, 1942, Contr. Cushman
Lab. Foram, Res., v, 18, pt. 2, p, 43, pl. 8,
figs. 3, 4. -- Kline, 1943, Miss. Geol. Survey
Bull. 53,p. 58, pl. 6, figs. 9-11. -- Cushman,
1951, U. S.Geol. Survey Prof. Paper 232, p.
60, pl. 17, figs.. 7, 8. -- Bronnimann, 1952b,
Bulls. Am. Paleo., v, 34, p. 169, pl, 13, figs.
7-9. -- Hamilton, 1953: jour, P aleo., v, 27,
p, 223, pl. 31, figs. 10-11. -- Graham and
Classen, 1955, Contr, Cushman Found. Foram,
Res., v, 6, pt. 1, p. 28, pl, 4, figs. 22a-c,
23a-c. -- Troelsen, 1957, U. S. Nat. Mus. Bull.
215, p, 128, pl. 30, figs. 6-8.
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Globorotalia pseudabulloides Bolli, 1957, U. S.
Nat. Mus. Bull. 215, p, 73, pl. 17, figs. 19-21.
-- Loeblich arid Tappan, 1957b, U. S. Nat.
Mus. Bull. 215, p, 192, pl. 40, figs. 3a-c, 9a-c;
pl. 41, figs. La-c; pl. 42, figs. 3a-c; pl. 43,
figs. 3a-4c; pl, 44, figs. 4-6c; pl, 45, figs. La­
2c; pl. 46, figs. 6a-c. -. Olsson, 1960, Jour.
Paleo., v, 34, p. 46, pl. 9, figs. 19-21.

Occurrence. - This species has been found in early
Tertiary units in many parts of the world, It has
been recorded from the Brightseat and Hornerstown
Formations in the Atlantic Coastal Plain. It has
been found in samples 20666, 20665 and 20664 of
the Delaware material.

GLOBOROTALIA VARIANTA (Subbotina)

PI. 2, Figs. la-c

Globigerina varianta Subbotina, 1953, Trudy
Vses. Neft, Naukno-Issledov, Geol. - Razved,
In st, n.s., v, 76, p. 63, pl, 3, figs. 5-12; pl. 4,
Figs. 1-3; pl, 15, figs. 1-3.

Globorotalia uarionta Loeblich and Tappan,
1957b, U. S. Nat. Mus. Bull. 215, p, 196, pl,
44, figs. la-2b; pl. 45, figs. 4a-c.

Occurrence. - On the Gulf Coast this species has
been found in the Wills Point Formation and the
Mathews Landing Formation.. It is present in sam­
ples 20663, 20664 and 20665.

Family GLOBOTRUNCANIDAE Brotzen, 1942

Genus RUGOGLOBIGERINA Bronnimann, 1952

RUGOGLOBIGERINA JERSEYENSlS Olsson

PI. 2, Figs. 2a-c

Rugoglobigerina [erseyensis Olsson, 1960, Jour.
P al eo., v, 34, p, 49, pl, 10, figs. 19-21.

Occurrence. - This species was described by
Olsson from the Maestrichtian Redbank Formation
of New Jersey. It occurs very rarely in samples
20668 and 20669.

RUGOGLOBIGERINA RUGOSA RUGOSA (Plummer)

PI. 2, Figs. 3a-c

Globigerina rugosa Plummer, 1926, Univ, of
Texas Bull. 2644, p, 38, pl. 2, figs. lOa-d.



RUf!,o/{lobi{!,erina rugo s a rueosa Bronnimann, 195 2a,
Bull s. Am. Pale o. , v , 34, P . 28, text fig s. 11­
13. -- Olsson, 1960, Jour. P nl eo., v , 34 , P.50 ,"
pl. 10, figs. 16-18.

()ccu"ence. - Th is species was described from the
Navarro of Texas. It is present in the Redbank and
lower " Ne w Egypt'" Fonnations o f New J e rs ey. It
is re lative ly ab undant in samples 20668 and 20669.

Genus GLOBOTRUNCANA Cu shman, 1927

GLOBOTRUNCANA sp.

PI. 2, Figs. 4a-c

Trocho sp ira l, umbil ico-convex, perip he ry som e­
what lobate with two keels wh ic h become more

R.

distinct in later chambe rs; wall calcareo us, pe rfo-­
rat e; ch amber s angular trun cate, 5 to 5~ in fin al
whorl, small bead on th e e arly cha mbers of the
fin al whorl; s utu res stra ig ht, depressed on umbi lical
s ide, raised and curved on sp i ral s ide; apertu res
umbilical, covered by a t eg ifl a,

Diamete r of figured specimen .40 mm.; th ickness
.19 rn m.

Remarks. • Glo botruncan a sp . be ar s som e resem­
blan ce to G. f{a§lebi ni T ilev but the k eel s a re le s s
distin c t and wider spaced and G. gagn ebini lacks
beads on chamber walls. Attempts to identify the
Delaware specimens are hampered by the small
number of individua l s present.

Occurrence . • These forms a re rare In sample 20669 .
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P LATE 1

(All figure s X D O)

Figure I. Heteroh eli x {({abrans (C ushman).

F igure 2. lI el erohelix navarroensi~ L oe bl i ch ,

F ig ure 3. Fseudoeuem belino excol ata (C ushman) .

f ig ure 4. Cuem bel i t ria cre rccec Cushman.

F i gure S. Chilo/{ uembeli na morsei (Kli ne).

F igures 6a·c. Clobieerinoides daubjergen si s (Bronnimann). 6a , Edge view. 6b, Umbil ical
view. 6c, Spiral view.

F igures 7a, b. Plonomclino messina s ubc arinata (Bronnimann). 7a, Side vi ew. 7b, Edge
VIew.

Figures 8a, b. Bif{lobi/{erinella multi spine L al ick er, Ba, Side view. Bb, Edge view.

F igures 9aec. Globif{erina trilo culinoi des P lummer. 93, Umbilical view . 9b, Edg e vi ew.
9c, Spi ral vie w.

Figures lOa-c . Globo rotalia comp ressa (Plummer) . l Oa , Umbil ical view. lOb, Edge vi e w.
lOc, Spiral view.

F igu res l l a-c, Globo rotalia ns eudobullo i des (Pl ummer). 11a , Umbilical View. 11b, Edge
view. Ll c , Sp iral view.
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PLA.TE 2

(All figures: a, umbilical view; b, edge view; c, spiral view; all X 150)

Figures la· c. Globorotalia varianta (Subboeina).

Figures 2a· c. Ru/{oglobigerina [erseyen si« Olsson.

Figures 3a • c. Rugoglobigerina rugosa rugosa (Plummer)

Figures 4a· c. Globotruncona species.
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