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I ABSTRA
A comparison of Upper Cre plank-
tonic Foraminifera from the Pacific Coast
with those of the Atlantic and Gulf-
Caribbean reg i
tion on

.
neither universally nor ubiquitously
Genera ranged widely during

richtian  but
cographically.

s new
racigraphic and

some species were restricted g

Many ecarly Upper Cretaceous taxa
politan but apparently dul not
into high latitudes. On the Wes

demism  within the Cor
wked among the Globotruncani
s pronounced in the Rotaliporidae. Cam-

smphic distribucion’ of Prasglobosuncans,
Hedbergella, Globotruncana and Rugoglo
bigerina.

rranged alphabetically, no sen-
ority implied.
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panian o carly Macstrichtian plankronic fau-
nas in North America contain many cosmo-
politan globotruncanids.

ate Mac: c index Fo-

Vol. 4

writers also wish to expresss their appreci-
ation for topotypic samples provided by Dr.
R.

raminifera became increasingly restricted t0
the Tethyan region suggesting a retreat of
the tropics. Faunas of this age are not recoj
nized on the Pacific Coast

Plankeonic Foraminifera provide an ex-
cellent basis for stratigraphic correlations,
between the Pacific Coast and the Gulf-
Caribbean region for strata of Cenomanian
Turonian and Campanian-carly Macstrich-
tian age.

Thirey-two species of he fumilies Rowli-
poridac” and Globotruncanidae _from
fornia are systematically described and
lustrated

5

1L INTRODUCTION

The Upper Cretaccous plankeonic forami-
niferal faunas within the norchern half of
the western hemisphere have been docu-
mented from the Pacific Coast, the western
interior, the Gulf and Atlantic Coasts of the
United States, castern Mexico and the Carib-
bean region. These data and the new in-
formation from California afford an excel-
lene basis for comparing the stratigraphic
and geographic distribution of these mi(m-
fossils. Such a study, of cours ¢ be
based parely on available published S
tion. Some of it is biased in coverage: for
example, much of the literature on Creta-
ceous Foraminifera concerns the late Seno-
nian and Macstrichtian strata and litele is
published on the Turonian-Coniacian. Few

()l«un from the Mt Laurel, Mt
1 N: N: nk, and Marshall-
town fnrm.mum Drs. Alfred R. Locblich,

Jr. and Helen Tappan Locblich for material
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and Navarro (Corsicana and Kemp ¢
groups of Texas; and to Dr. E. A. Pessagne
Jr. for material from the Mendez Shale i
San Felipe Formation of Mexico and South
Bosque Formation of Texas. Samples from
California and Baja California, Mexico, were
collected by the writers. Special thanks are
extended o Dr. Helen Tappan Locblich for
valuable discussions of certain  taxonomic
per and for critically review-
agno, Jr. and
e o (o
Davis for

] Valentine,
ology, University of California.
reading parts of the manuscript.
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PRF 979-A2 to Dr. H. T. Loeblich. Draw-
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1L DISCUSSION

Plankeonic Foraminifera provide a useful
stratigraphic tool for both local and regional
correlation, which has been u
Iy over the past_decade. Be

detailed records of the are
available from certain regions, such as west-
ern Mexico, Central America and parts of
the United States, Canada, and Alaska. De-
spite_these shortcomings, cnough data are
available for a preliminary comparison of
the biogeography and biochronology uf the
three major regions: the eastern Paci
Adlantic seaboard, and the Gulf- Coibbenn
region.

Whenever possible, type material of the
taxa herein described has been examined.
‘This material has been kindly loaned by Dr.
Richard Cifelli, U. S. National Museum;
Mrs. Katherine V. W. Palmer, Paleontolog-
ical Research Institution, Ithaca, New York:
Department of Mineral Sciences, Stanford
University and the Department of Geology,
University of California, Los Angeles. The

re widely d
taxa appear to be short lived, they approach
the ideal as an index fossil. Early workers
were mainly interested in the correlative
aspects of these fossils and considered their
distributions to be world-wide, without eco-
logic restrictions. However, studies of mod-
ern zooplankton clearly indicate that most
have  well-defined  distributional  patterns.
They are neither cosmopolitan nor ubiqui
tous but frequendy show  considerable
“patchiness™. Many of these zooplankton
patterns can be closely correlated with spe-
cific semi-permanent bodies of oceanic wa-
ter, or water masses, that are characterized
by recognizable physical and ‘or organic
properties (Bradshaw, 1959: Fager and Mc-
Gowan, 1963

It has long been recognized that plank-




tonic Foraminifera are latitudinally zoned
(Murray, 1897). Recently, work by Phleger,
et al. (1953), Bé (1959), Bradshaw (1959),
Parker (1960), Ericson, ef al. (1961), and
others, has shown that planktonic Forami-
nifera in the open occan are latitudinally
arranged in bands which reflect general cli-
matic conditions. The bands, however, are
not symmetrical bue are disrupted by cur-
rent paterns, particularly major current sys-
tems as the Japanese-California currents or
the Gulf Stream. North-flowing warm cur-
rents carry tropical species north of cheir
usual latitudes, and south-flowing cool wa-
ters bring northern forms into southern arcas.
Along the California coast the transitional
fauna of Bradshaw (1959) extends south to
near the tip of Baja California (latitude 25
North) but the southern boundary is at 40
latitude in the cencral Pacific. For this r
son, at certain_parallels of latitude, plank
tonic Foraminifera may show a longitudinal
“banding”. From east to west along the
34th parallel in the Pacific, the transitional
fauna is replaced by the central Pacific fauna
and that replaced by the northern extension
of the equatorial west central fauna off the
apanese Islands (Bradshaw, 1959).

The well developed usual latitudinal band-
ing of the plankronic Foraminifera in the
Pacific (as elsewhere) probably is largely
due to the thermal gradient between the
poles and equator (Eckman, 1953; Fischer,
1960). Today, the maximum variation of
marine temperature with latitude is about
30°C bu it was apparently much less in the
Upper Cretaceous. Recent oxygen-isotope
studies indicate Cretaccous  paleotempera-
tures of 14°C for the present Arctic region
(Emiliani, 1961). According w0 Bowen
(1961b) temperatures in northern Europe
(Poland) ranged from a low of 17°C for
the Cenomanian to 21°C for the early Seno-
nian (Coniacian-Santonian). If these figures
are representative, they suggest a thermal
gradient for the Late Cretaceous about half
that at present. Such data support the pre-
ous observations of broadly distributed
faunal pacterns in the Late Mesozoic

The biogeographic realms or provinces
distinguished for the Cretaceous, are, with
slight modification, tken from the cla
works of Uhlig (1911), Arkell (1956) a
others. Arkell (1956)  recognized
realms for the Jurassic but generally only
two have been adopted by Cretaccous work-

-

o

nd
three
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ers; the circum-cquatorial Tethyan and the
northern Boreal provinc

Palmer (1928) showed that rudistids oc-
cupied the approximate geographic limits of
the Cretaceous Tethys. In North America
this sea covered the present Caribbean area
and Central America, the norchern boundary
passing through Mexico, southern Texas
and Florida. This is also the area of thick
carbonate accumulations, corals, larger Fo-
raminifera and other Upper Cretaceous fos-
sils suggestive of the present tropical envi-
ronment. Thus, the molluscan faunas, and by
association, the plankeonic Foraminifera, of
the Mexican-Caribbean region are character-
ized as Tethyan or tropical in aspece (Hamil-
wn, 1953, 1956). The northern Gulf-
Adantic coastal area was not included within
the rudistid bele of Palmer (1928). How-
ever, their foraminiferal assemblages are very
similar 10 Tethyan faunas during most of
the Late Cretaceous. For example, essentially
all plankeonic species of the Campanian-
Maestrichtian straca in New Jersey and Dela-

are (Olsson, 19605 1964) are present in
Mexico (Olvera, 1959; Pessagno, 1966, in
press). The planktonic groups examined for
this paper (Rotliporidac and Globotrun-
canidac) show no marked faunal boundary
between the Gulf-Acantic and the Tethyan
belt. Possibly a critical review of the entire
plankconic fauna might alter this obscrva-
tion. Similaritics with southern taxa plus
the diversity of the planktonic foraminiferal
fauna suggest that the Gulf-Adantic region
was subtropical, if not within the tropics.

The rudistids and other molluscan- fossils
on the West Coast have litcle resemblance to
those of the Tethyan area. Although notable
exceptions occur, many of the megafossils of
the Late Cretaccous are cither Indopacific in
distribution, or endemic o the eastern Pa-
cific (eg. the rudist genus Coralliochama
Matsumoro, 1960; Sobl, 1964; Jones, 1963 ).
The megafaunas as a whole hive an asiatic
affinity (Matsumoto, 1960). The plank-
tonic ~ Foraminifera  from  norch-western
Mexico, California, and Vancouver Island
are closer to faunas of the Gulf-Caribbean
region than are the contemporancous mol-
luscan assemblages. There are exceptions in
parts of the Upper Cretaceous, however, for
ac times, the pelagic Foraminifera of the two
regions were quite unlike.

In a broad comparison of the fossil z06-
plankcon on the two sides of North America,
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several points are apparent. A relatively
small proportion of planktonic microfossils,
excepting radiolarians, are present in ma-
terial from California_and norchwestern
Mexico. For example, of some 1000 samples
examined from northern California, about
25% conained pelagic species and thes
formed but a small fraction of the total fo-
raminiferal number. Although there are ex-

ceptions, the west coast strata are generally
characterized by a paucity of numbers. The
heterohelicid-rugoglobigerine marls of Cen-

tral and castern America present a sharp con-
trast to faunas of the eastern Pacific

In modern oceans a faunal diversity gra-
dient exists between the tropics and the
arctic. The lower latitudes contain more
genera and species than do the higher la
tudes (Eckman, 1953; Fischer, 1960). In
the presenc Pacific, nine genera and 24 spe-
cies of planktonic Foraminifera occur in the
Recent equatorial west central fauna (Brad-
shaw, 1959) and 3 genera and six species
in the subarctic fauna. Data are much les
precise for the Upper Cretaceous but a simi-
lar pattern of faunal diversity can be estab-
lished. In the late Campanian approximat
ly ten genera and 25 species occurred in the

Tethyan region (Bronnimann, 1952; Gan-
dolfi, 1955; Bolli, 1951, 1957; Fisher and
Pessagno, 1965 ), whereas north of 50° lati-

wde only five genera and six species have
been reported (Bergquist, 19615 McGugan,
1964). A comparison of the numbers of
genera_and species in Texas (Cushman,
1946; Pessagno, 1966, in press) to those in
California reveals a close correlation in num-
ber of genera, but consistently fewer species
in California during the Cenomanian to
Campanian. In the Maestrichdan the num-
ber of taxa on the West Coast decreases
notably and the diversity of Tethyan pelagic
Foraminifera increases slightly.

The abundance of radiolarian remains also
characterizes rocks bordering the  Pacific
basin, in both the Mesozoic and Cenozoic.
In the Gulf Coast radiolarians are not a
conspicuous parc of the fossil record, al-
though they are presenc in Trinidad and
Puerto Rico. As radiolarians are essentially
open-ocean  pelagic organisms (Campbell,
1954), the scarcity of associated planktonic
Foraminifera in California is somewhat in-
congruous and many represent preferential
rescrvation.

The marked distributional restriction of
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modern planktonic  Foraminifera may be
atypical tor the geologic record (Jenkins,
1965), but the significance of limited or
restricted faunal distributions in the past
cannor be overlooked. It is not possible to
correlate between present high and low lati-
tudes by the Recent plankeonic Foraminif-
era. Similarly the latitudinal banding and
faunal diversity gradients of Upper Cret-
ceous zooplankton affect the age dating and
stratigraphic correlations based on  these
microfossils. Obviously, it is important t
recognize and attempe o understand such
distributions. Some of the problems of ir-
regular distributions and stratigraphic cor-
relation have recently been reviewed in an
excellent article by Parker (1965). In addi-
tion o the latitudinal differentiation of fau-
nas, she notes six other situations present in
modern oceans that prevent accurate correla-
tions based on planktonic specics.  Briefly,
these are:
I. Marginal faunas, The faunas of the
continental shelf and slope commonly do not
represent the toral pelagic assemblage due
w0 depth stracification of living species, cur-
rent action or the incre: frequency of
common forms under adverse conditions
2. Small seas. Planktonic distri-
bution in small seas is irregular and diff
cult to explain.

3. Instantancous extinctions.  Planktonic
species do not always show simultancous
extinctions everywhere as is shown by spe-
Gies that are “extint” in the Adantic and
still living in the Pacific Ocean.

4. Localized evolution. Endemic species
of Recent pelagic Foraminifera suggest that
localized evolution is occurring today and
probably did in the past
5. Solution of Calcium carbonate. The
tests of plankeonic species may be destroyed
by solution of calcium carbonate on the s
floor. This destruction may more strongly
affect pelagic tests than benthonic oncs

6. Coiling dircctions. Time horizons
based on changes in coiling directions may
not be dependable, even for shore range
correlatior

The present study s based on a few
Rocaliporidac and a larger number of Glo-
botruncanidae from the eastern Pacific, Gulf
and Acantic coasts, and the Caribbean. At-
wention is focused on the distribution of
these microfossils in time and space, thereby
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allowing a better appreciation of their value
as age indicacors and use in correlation. The
writers have had two objects in the present
study:

1) to document the Upper Cretaceous
plankeonic species in California and north-
western Mexico, and

2) 10 consider the regional_palcobio-

and of
these microfaun

The faunal analysis is on a broad scale,
largely q,m)nn,, the .an itional history of
the several r meaningful conside
T 0 A T ol G o
mentation which occurred in various parts
of the Americas during the 1 e Cretaceous
is outside the scope of this paper, but ob-
) b o, L b
tion and preservation of planktonic and
benthonic organisms.

A, Palcogeographic Distribution
Most genera of Upper Crertceaus pl ank-
wnic
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cies restricted 1o Tethyan e and not
occurring noreh of about 25°- irude
except in the latesc Upper s ous,
Abathomphalus mayaroensis (Bolli).

aphic ranges given here

are described in terms of the existing geo-
graphic mnf.,,um..m Howe
re

since Up-
outhern pare of
California was
slip movement along the
San Andreas Faule (see Fig. 1). This seps
ration has been described as 300 miles or
more (Hill and Dibblee, 1953 ), although
other workers give more conservative esti-
mates from t 145 miles (B.llk) et al.,
1964) to 175 miles (Crowell, 1962)
sibly such warm water indicators as Psexdo
rexinlaria, Racemiguembelina and cerain
led species of G
\umhnm California
northward as a cons
ment.

vl e e
quence of this mov

At present no exclusively Boreal plank-

R N R e G 1 e
awenty-five genera recognized in the Tre:
se on Invertebrate I’Alv.unw]u;,) Parc
(Locblich and Tapj i) only two
be shown to have m.q,m |m than 25 degrees
of kuitude (in the norhern hemisphere)
and most_ extended ac least to 40° latitude.
North his pa dawa are sparse,
but Globotruncana, Globigerinelloides and
Planoglobulina are reported from southern
Aluska (Bergquist, 1961), and Hedbergella
d Heterobelix occur in the arctic region
(71° latitude) (Tappan, 1962). During
much of the Upper Cretaccous (Turonian
t Campanian) the f;um.ls of the Tethyan
and Boreal provinces show litcle generic dif-
ference. Their e b e
ac the s level, largely involving their
relative abundance. Three ibu-
tional types can be recognized among the
planktonic specics.

1. Cosmopolitan species. Present in both
the Pacific and Adantic and ranging from
the low latitudes of the Tethys to at least
lacitude ¢.g. Globotruncana arca (Cush-
man )

2. Laticudinal or regionally restricted
forms. Widespread in the Pacific and ‘or
Adantic within definite latitudinal bands,
e Globotruncana contusa (Cushman).
Mostly tropical s

&

5. Restricted specie

tonic genera have been recog-
nized and only 3 fe s

‘md unlike the distribu-
ton of other pelagic groups such as the
ammonites and baculitids. Such megafossils
mdmlc restricted Cretaceous taxa in the Pa-

(Matsumoro, 1960; Jones, 1963 ).
\x'n,- then are no Boreal plantkonic forami-
niferal genera and only a i species known?
Only part of the explanation can be attrib-
uted to the small number of studies of Cre-
taceous mleh)NIs north of 40° latitude,
as thos udies that been made indi-
cate a marked scar of plankconics. A
more probable explanation suggested by the
present data is that planktonic Foraminifera
were largely restricted to warm or tropical
waters in the Late Mesozoic. The few plank-
tonic inhabitants of high latitudes in the
Upper Cretaceous were eurythermal cosmo-
politans. Thus, northern regions may bu
characterized by the absence of er
ather than by endemic runpcmu-

A cursory examination of the Heterohe-
lici s some interesting points. The
western interior and Gulf-Caribbean regions
had a greac diversity of species and indi-
udu..b of the genus Heterohelix. On the
Wes ¢ ncither large numbers of indi-
s or taxa are common, Even such wide-
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spread specics as H. globulosa (Ehrenberg)
are represented by relacively few individuals
as compared 0 contemporancous Gulf
Coast_assemblages. The large robust Late
Senonian Psendotextularia and Racemiguen-
belina are rarc in the castern Pacific and
probably did not extend as far north as the
Sacramento  Valley of California. These
genera were abundant in the Tethyan region
and Gulf-Adantic region but absent from
the western interior. The common Plano.
globulina of California is the cndemic P.
ornatissima (Cushman and Church). Easily
distinguished from Gulf Coast forms by its
large size and longer period of biserial d
velopment, it is the most characteristic
heterohelicid  of ~ California  Campanian-
Lower Maestrichtian rocks. Planoglobulina
austinana (Cushman) from Vancouver Is-
land (McGugan, 1964) and southern Alaska
(Bergquist, 1961 ) may be conspecific. This
genus extended t0 60° north latitude in the
Pacific and at least to 40° in the Adantic
but is unreported from the western interior
Based on their distribution and the asso-
iated micro- and megafossils, both Prendo-
rextularia and  Racemiguembelina  were
mainly tropical in extent in the Upper Cre-
taceous  (particularly the Maestrichian ).
The northern limic of their distribution
passes through northern Texas and Alabama,
and extends northward to New Jersey-Dela-
ware on the Adlantic Coast. Their northern
limits on the West Coast is in southern Cali-
fornia, some 8 degrees of latitude south of
the East Coast occurrences.

The carly Upper Cretaceous coiled plank-
tonic foraminiferal genera Rotalipora, Plan
omalina,  Pracglobotruncana, Hedbergella,
Schackoina, and  Globigerinellvides were
widespread but apparently did not extend
into high laticudes. In the western incerior,
keeled plankeonic foraminiferal species have
not been reported north of South Dakora
(Fox, 1956) and it has been suggested that
no plankeonic species existed in_western
Canada and Alaska_prior o the Turonian
(Eicher, 1966). The gencra Schackoina.
Praeglobosruncana and Rotalipora are com:
mon in northern California but data are lack-
ing for the Cenomanian deposits of Oregon
and southern Alaska. Early Cenomanian Fo-
raminifera have not been well documented
on the West Coast although planktonic sp
cies of this age are well known in other
parts of the Americas. According to Loch-
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lich and Tappan (1961) the Tethyan spe-
cies Planomalina buxtorfi (Gandolfi) occurs
in California and Texas but not in the west-
ern interior. They also suggest thac Hed:
bergella washitensis (Carsey) and Praeglo-
botruncana delrioensis  (Plummer) were
ally restricted early i
The former has been reported as
(Bolin, 1956) and
as (Loeblich and

species.
far north as Minneso
both are common in Te
Tappan, 1961)

The genus Rotalipora is reported from
Cuba ( Ayala-Castanares, 1962), Mexico and
southern Texas (Pessagno, 1966, in press)
and Kansas and Nebraska (Morrow, 1934:
Locblich and Tappan, 1961). This distri-
bution probably coincided with deeper and
or more oceanic waters. North of these
in Texas 1Pes>.15no 1966, in press)
and Minnesora (Bolin, 1956), and to the
west in Colorado (Eicher, 1965), Rotalipora
is replaced, presumably in shallower waters,
by a dominandy Hedbergella fauna. Upper
Cretaccous keeled planktonic species gen-
erally are replaced by Hedbergella in higher
latitudes (above about 60°) and when pass-
ing from oceanic to shallow or coastal de-

This seems analogous to the distri-
butional relationship between globigerinids
and globorowlids in modern oceans. Glo-
borotalia is more or less confined o tropical
oceanic waters while the more widely dis-
tributed species of Globigerina predominate
in temperace and subarctic regions, and
nearer shore (Phleger, 1960)

In the western interior, western Canada
and northern Alaska pelagic microfaunas
were sparse during the Turonian to Seno-
nian and are characterized by species of
Hedbergella and Heterohelix. The southern
boundary of this interior fauna passed
through  the present states of Colorado,
Wyoming, and North Dakota but fluctuared
during the Senonian. Ac infrequent inter-
vals other genera were briefly introduced as
far north as Alberta, Canada (Nauss, 1947
Wall and Germundson, 1963). A seaway ex-
tended to northern Alaska during the Turo-
nian allowing western incerior _planktonic
species to migrate northward  (Tappan,
1964). Cloud (1961) has inferred the cur-
renc patterns for such a seaway through the
Rocky Mountain geosyncline. His analysis
is compatible with the introduction of south-
ern species into Alaska but makes the ex-
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clusion of keeled globotruncanids from Can-
ada difficult to explain.

llm generic composition of the Turonian
to Campanian planktonic faunas of Cali-
fornia is very similar to those of the Gulf-
Caribbean. The early Turonian is character-
ized by cosmopolitan species, such as Prae-
globotruncana helvetica (Bolli), Globotrun-
cana sigali Reichel, and others (Bolli, 1951,
1957; Bronnimann and Rigassi, 1963; Tr
jillo, 1960; Pessagno, 1966, in press: see
Table 1). None of these species has been
identified from the western interior as yet,
although  their faunal associates P. wrephani
(Gandolfi) and P. renzi (Gandolfi) are

sent (Eicher, 1966). Praeglobotruncana
helverica (Bolli) extended into northern
California and possibly farther north. Ac-
cording to Bandy (1960), keeled Globo-
truncana occurred in southern Alaska (60
latitude) during the Turonian.

A decrease in pelagic microfaunas at the
end of the Cenomanian in California was
followed by a steady increase in diversity
through the Turonian. Double keeled spe-
cies such as Globotruncana coronata Bolli,
G. imbricata Mornod, the G. “linneiana-
type” and I unnamed globotruncanids
appeared in the Turonian. One of the
Globotruncana sp. A of Marianos and
gula (1966) is present in Texas (Chispa
Summit Formation, E. A. Pessagno, Jr., per-
sonal communication) but the others appear
endemic to the West Coast (Douglas, ir
preparation ). Also during the Middle Turo-
nian Globotruncana marginata (Reuss) and
other restricted appeared in the Gulf
Coast region (Pessagno, 1966, in press)
These local species are the first noticeable
indication of provinciality between the
planktonic foraminiferal assemblages of the
stern Pacific and the Tethyan, although an
explanation for their development is not
vailable. The California species may pos-
sibly be part of an as yet largely undetected

2. Whatever the reason, the re-
stricted nature of the pelagic microfaunas
was accentuated in the carly Senonian.

During the Conianian and Santonian, the
endemism chac began in the Turonian be-
came particularly pronounced among the
Globotruncanidae, and less well developed
in the Rowliporidae (Hedbergella) and
Heterohelicid: Only two Globotruncana
species are common to the Gulf-Caribbean

Vol.

and Pacific areas during the Coniacian and
probably no more than three in the Santo-
nian. Restricted to the western interior,
Texas-Mexico and Caribbean regions were:
G. inornata Bolli, G. wilsoni Bolli, G. an
gusticarinata Gandolfi, G. concavata (Brot-
zen), and to a lrge degree G. cretacea
(d'Orbigny) and G. fornicata Plammer.
The two latter species occur locally in late
Santonian rocks in California (Funks For-
mation ).

In northern California an incre:
numbers of individuals and specie:
bergella coincided with the development of

endemic species of Globotruncana. Some of
these taxa ranged widely in both time and
spaces i H loetterli (Nauss), H. planispira

appan), H. crassa (Bolli) and Clavihed-
/u.'r;(c/ln simplex (Morrow). Hedbergella
loetterli (Nauss) was originally described
from Canada and has been found in north-
ern Alaska (Tappan, 1964). The Caribbean

species H. crassa (Bolli) was common in
lifornia_from the Coniacian to the late
Senont lly associated with these spe

re four undescribed species (Mar

anos

“The Co mpanian contains many u)\mnpnl
of Globotruncana.
6

common to
Jersey, Del

Cuba,

Puerto Rico and Ce ulnmhn a «lurm[, the middle

Ti nnuLul

and later Campanian (see Tables I and 11)
Few forms had a rumglcd or limited distr
Globotruncana calcarata Cushman

bution
was a distinctive circum-cquatorial late Cam-
panian marker (Bolli, 1951: Sigal. 1952;

Brinnimann and Brown. 1956; Edgell, 1957;
Herm, 1962; Pessagno. 1962, 1966, in press),

throughout the Gulf-Caribbean arca, north-
ward to New Jersey and Delaware on the
Adantic Coast ™ (Olsson. 1964). G. subru-

gosa Gandolfi (Gandolfi. 1955; Pessagno,
962: Olsson, 1964) and G. subcircumnodi-
fer Gandolfi (Gandolfi, 1955:=Rugotrun
cana tilevi of Bronnimann and Brown, 1956,

sce also Berggren. 1962) were other restrict-

Globotruncana churchi Martin is a &
i lly importan

tive
in California, that is unreported

in the Americas, although this apparent re-
stricted distribution may be the result of
previous inclusion within G. arca (Cush-
man).
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The sudden reappearance of cosmopolitan
specics in California and the development of
common Pacific-Gulf-Atla

Vol. 4

a marked change occurred, as several by

canid fauna following the provinciality of the
Coniacian-Santonian might scem to require
an unbroken seaway directly linking the Gulf
of Mexico with the castern P; &
on the present distribution of Upper Cre-
taceous rocks in Mexico, such a portal is
unlikely to have existed north of Cuernavaca
(Geologic map of Mexico, 1956; Murray,
1961), a position well within the Tethys.
Such a dispersal route is therefore unneces-
sary, as a well-developed Tethyan fauna al-
ready existed in the Pacil
(Hamilton, 1953) and south of the equator
(Edgell, 1957; Belford, 1960). This s
gests that the Globotruncana species
rn;..n;.,lnhl[.,;m\u were introduced by a aorth:
ward spread of warm or tropical waters dur-
ing e (Lunp.lni.ln Bandy (1960) has sug-
gested that the most characteristic feature
of tropical planktonic faunas resenc
of the kecled genera Globorotalia and Glo-
botruncana. Based on the similarity of these
generic types to restricted tropical forms of
modern seas, he cquated the distributional
limic of (.Iulmlr/umnm to the boundary of
the tropics (20 therm) in the Upper
Cretaccous. This appears to over-extend the
comparative affinitics of Globotruncana to
modern tropical globorotalids. Although the
boundary of the Cretaceous tropics may not
be definable by (,/u/mlrmumm AI«m the
single-keeled species and

m
AR o (e s 1
phalus and Pl were restricted to the
Tethys. They occur in Trinidad (Bolli,

1957), Puerto Rico (Pessagno, 1962), Cub
(Bronnimann and Rigassi, 1963), and Mexi-
<o (Olvera, 1959) but are missing norch of

about 25° lacitude. Trinitella w

acteristic of tropical waters although it
ranged mmhv\. d (Olsson, 1964; Pessagno,
1966, in press). These three genera have not

e b e T
Globotruncana stuarti (d'L

gansseri Bolli, G. contusa (Cushman) or G.
gagnebini Tilev.

The an: of Cre
based on the oxygen isotope measurements
of belemnoids from Europe and Asia (Bow-
en, 1961a, 1961b, 1961¢) do not coincide
with che above R inferences based

a . The interpretation of oxy-
» sugges the warmest t

an-Santonis
Frat) gz (1 A (Imnu,.h e (i
panian-Macstrichtian.  Evidence  for  the
southward retreat of the tropics in  the
Maestrichtian is also suggested by the plank-
tonic Foraminifera. However, the distribu-
tion of West Coast Coniacian-Santonian s
cies do nor reflect the supposed nordhward
advance of warm temperatures. These plank-
tonic faunas are neither as rich nor as well
represented as those of the Campanian, s

Psendotextularia and Psendoguembelina were
all probably restricted o subtropical or
warmer waters. During the Campanian the
double-keeled  Globotruncana arca  (Cush-
man) extended to Alaska (Bergquist, 1961)
but there is no record of single keeled spe-
cies in the Pacific north of California (40
latitude). These taxa s uggest that
tropical itudinall

gesting the reverse of that_expected from
s The

the
data_here pre: o suggest cooling in the
Pacific in the early Senonian with a north-

amp

ward shift of the tropics in the

he absence of the tropical taxa in the
California Maestrichtian can be explained
stratigraphically, e.g. rocks of Maes-

trichtian age arc cither not present or are
unrecognized (see d. cussion under Strati-

much higher than in the preceding parc of
the Senonian. Notably missing from the
West Coast however, are the restricted Teth-
yan species G. calcarata Cushman, G. wub-
circummodifer Gandolfi, and others. Their
absence and the small numbers of Rugoglo-
bigerina rugosa (Plammer) and most single
keeled species of G are be

graphic Di

T e e be overlooked
however, that the Maestrichtian fossils de-
scribed from California are younger
generally believed. The megafaunas show a
strong_provincial or endemic character and
are unlike those of the Gulf Coast or Europe
(Matsumoro, 1960; Sohl, 1964). Thus

explained LL()l()},lL;\ll)

Plankonic foraminiferal genera had ve
wide geographic ranges in the early Upper
Cretaceous. However, in the Maestrichtian

ac on dhat bass
imprecise or unsure (Popenoe, ¢f dl.
The youngest planktonic el
semblage is composed primarily of Globo
truncana havanensis Noorwijk, G. petaloidea
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552|255 |2 (5| ¢ s | 68
& s leclalelr 2|8
w1 ®
wil» 2. el sop i 0
54| * 3. Pummenita spp. I "
Z|xa. tuarti T [=
* 5. G. calcarata 3 1 RC.
* 6. G. gor 4 i RCT
7.6 contuso o] B o] e
= | * 8.6 gagnebini I B
< | % 9. G subcircumnodier = o »
i | *10. 6. caticitormis 1] |
S| 1.6 or c
E | 12. G rovanensis - =4 <
| 13. 6 petotoidea - s o
2| 14.6. elevota -
2 | 15, 6. swartiformis 1 e EEEED
% | 1. 6. tricarinata ] I o)
Z | 17. 6. dinner ] B
w | 18. 6 fornicata @
2| 1.6 cretacea
Z | 20. 6. mariei z =<
= | 21.6 nomi I ]
& | 22.6. roserta I =
2| 23 6. churem EREEC
S | 24. 6. ventricosa I 1 fre
*25. G. subrugosa > L )
26. 6. conica T 1 i
27, rugosa I | 3 7] c
28. £ roundoto I s e
6. fornicala | 5 = [ [ e
et =E S
S2| 3.6 coronata 1|
<5| 4 6. sinneana ¥ Ie
Z=| 5 6. morginata | I g
0| 6. 6. cretacea [ I
TG linneiana T e
2| 2.6 imbricata C ] |
= | 3.6 morginata 5 | T
el a
2| 5 A~ rewetica ] k2 +T <
6.7 stephani 2 I B
* Not described in this paper. a-t HnmmonUBSBl
-Based on w (1953),

[0 Reporled niferature but herein referred to

¥ information lacking: time, hiolus, el
[ unsure or questionable report.

1~ G globigerinoides of Boll (957)
2- Banner ond Blow (I960)

3- Fisher and Pessagno (1965)

4- Pessagno (1960,1962)

5-Gondolfi (1955)

6= Voorwijk (1937)

NTRAL

e 1957) Bonm(1o331, e krer 61
c-Manly from Cushman(1946), Pessagno, in press.
d-Olvera (1959), Pessagno, inpress.

e- Jennings (1936) , Oisson (1964)

£-Bolli (195, 1957)

R- Geogrophically restricted genera or species.
c- Cosmopolitan

Re- Widespread in resiricted latitudes or regions.
&-Found in Atlantic only.
£-Found in Eostern Pacific only.
+-Indicates assignment fenfative.
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AND NORTH

AMERICA
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Gandolfi, G. arca (Cushman), Pseudotextu-
laria cf. P. deformis (Kikoine) and Race-
miguembelina. fructicosa (Egger), and in-
dicates the middle pare of the stage.

The low diversity of the fossil zooplanl
wn on the West Coast in the latest Upper
Cretaceous and the absence of Tethyan spe-
cies suggests a_cooling after the “warm”
Campanian.  This  obscrvation  supports
oxygen-isotope palcotemperature studics thac
indicate @ world-wide retreat of the tropics
at this time (Lowenstam and Epstein, 1954;
Emiliani, 1961; Bowen, 1961 1961b,
1961¢). The youngest Maestrichtian pelagic
microfauna in California probably - repre-
sents an eurythermal association, as the taxa

Tulane Studies in Geology

Vol. 4

n amount of discrimination was upplied
in dealing with taxa of confused taxonomic
backgrounds. Globotruncana ylu/llguirml][u
Brotzen, for example,
(where good descriptions ¢
cretacea d Orbigny have been equ
types or type material were available o the
authors, some specifi aments have
been made, or the original identifi
queried. These are noted either in the text
or plate explanation. Several globotruncanids
are not included because they have not been
recognized since their original description,
or because they are inadequately described
and unrecognizable, or because they are sys-
ically invalid. We hope that the end
clearer picture of the stratigraphic
microfossils, but one
which has not seriously altered the original

occurred both in high latitudes (Olsson,  result is

1960, 1964; Berggren, 1962) and in the distribution of thes
Tethys (Bolli, 1957; Gandolfi, 1955). The

planktonic F i | ly used

w0 identify the Middle and Upper Macstrich-

tian_elsewhere (Bolli, 1957) never entered
the West Coast area. They were geographic-
ally restricted to the Gulf-Caribbean region
nd o low latitudes in the eastern Pacific.
This apparent stratigraphic problem thus
may be largely a paleoecologic or paleo-
biogeographic one.

Much the same reasoning was given by
Olsson (1964) in assigning a Late Maes-
trichtian age to plankconic species from the
mid-Adlantic Coast. Although Abathompha-
Ius and Plummerita are missing, the pres-
ence of G. stuarti stuarti (d'Lapparent) in-
dicates a latest Maestrichtian age.

Many areas which may contain Late Upper
Cretaceous rocks have not been examined for
oraminifera in the eastern Pacific. Hence
it is premature to draw definite conclusions
concerning the apparent lack of Upper
Maestrichtian faunas. Whatever the cause
may have been, it affected wide areas of the
northern Pacific as late Upper Cretaceous
(vluhmmnum have not been identified
lifornia, California, Vancouver
or Japan.

Baja C:
Ia‘l.xml. Alask

B. Stratigraphic Distribution

On Table 1 stratigraphic ranges are com-
piled for many of the Upper Cretaceous
globotruncanids and a_few rotaliporids re-
ported from the Americas. The chart both
illustrates the  general agreement becween
authors as to the distribution of these Fo-
raminifera_in time, and points out several
discrepancies. In preparing the data, a cer-

1. Cenomanian-Turonian Species

‘The stratigraphic distribution of carly Up-
per Cretaccous. planktonic Foraminifera in
different parcs of the world has been previ-
ously reviewed (Loeblich and Tappan, 1961).
Excellent correlation can be made between
Upper  Cenomanian st in California,
Texas-Mexico, Trinidad, and Puerto Rlu)
based primarily on species of Rotaliporidae,
in parcicular, Rotalipora  greenbornensis
(Morrow ), R. cushmani (Morrow ), Prae-
globotruncana stephani (Gandolfi), sever

specics of Hedbergella and Schackoina ceno-
mana

(Schacko). The upper part of the
led “Antelope Shale” and - cquivalents
California thus correlates with most of
(I\L Britton Shale (Eagle Ford (-mupr of
xas, the lower San Felipe Formation of
RO S o

Rico (Pessagno, 1966, in press), and in part
with the Pre-Via an beds of Cuba
(Bronnimann and Rigassi, 1963). A few

plankeonic Foraminifera in the Greenhorn
Formation of the western interior suggest
correlation with the Upper Cenomanian of
the West and Gulf Coasts (Loeblich and
Tappan, 1961; Eicher, 1965). However,
keeled plankeonic species are uncommon or
missing, a sicuation which in general pre-
vails chere throughout the Upper Cretaceous.
Pelagic foraminiferal faunas from the north-
ern pare of the western interior, western
Canada, and Aluska are characterized by a
high frequency of a few species which have
irregular stratigraphic distributions  (Wall
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and  Germundson, 1963; Tappan,
Eicher, 1965, 1966). The faunas include
species well adapted to life in the shallow
scaway of North America or those living at
the outer margins of their distribution. Such
microfossils possess inherent difficulties for
satigraphic dating and correlation and must
be used with caution (Parker, 1965). Some
species may be absent for ccologic reasons
rather than because the beds were deposited
beyond their time range. Also, their first
appearance and ‘or total stratigraphic range
may not be equal to the range of these spe-
cies in lower laticudes

1964;

The genus Pracglobotruncana has been
described as ranging from the Upper Albian
w0 the Upper Cenomanian (Locblich and
Tappan, 1961, 1964). However, P. itephani
(Gandolfi) extends into the earliest Turo-
nian in California and Mexico, based on its
joint occurrence with P. helvetica (Bolli)
and Globotruncana imbricata Mornod, G
sigali Reichel and other globotruncanids. In
the western interior it bas been reported
from strata of both Upper Cenomanian
(Locblich and Tappan, 1961) and Turonian
age

Op
Eagle Ford Group in the Gulf Coast
ditionally these strata have been cons
Turonian (Stephenson, ¢/ al, 1942)
some authors suggest that the upper portion
(Britton Shale and Arcadia Park Formation)
is late Cenomanian (Loeblich and Tappan,
1961). In a recent study of Gulf Coast
planktonic Foraminifera, the upper 10 feet
of Britton Shale and the entire Arcadia Park
Formation in Dallas County, Texas, are
placed in the Turonian (Pessagno, 1966, in
press). This age assignment is based on
Globotruncana sigali Reichel, G. inornata
(Reuss) Hererohelix reussi (Cushman) and
several new species locally restricted t Turo-
nian or younger strata.

The Lower Turonian in North America
can be defined in terms of pelagic Forami-
nifera by the first appearance of the genus
Globotruncana and the last appearance of
Pracglobosruncana, n California this hori-
zon contains the diagnostic Turonian indices
Inoceramus labiatus Schlotheim and che am-
monite genus Romaniceras Spath (Matsu-
moro, 1960).

In California Py ana helvetica

(Eicher, 1966)
ns differ concerning the age of the
Tra-
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nian. The lacer species s reporeed from the
Coniacian o Santonian in Trinidad (Bolli,
wsm Upper Turonian to Santonian in

xas (Pessagno, 1966, in press) and mid-
d]c Turonian in the western interior (Eicher,
1966). These differing stratigraphic assign-
ments probably include
cies (sce Systematic Descriptions). The
diagnostic species  Praeglobotruncana hel-
vetica (Bolli), which has a world-wide dis-
wibution in the Turonian (Bolli, 1945,
1957; Sigal, 1952; Trujillo, 1960) disap-
pears before the advent of the Coniacian in
North Americ:

The firse species of Globotruncana are
found in Lower Turonian strata and include
G. sigali Reichel (which is a senior synonym
of G. schneegansi Sigal), G. imbricata Mor-
nod, and G. marginata (Reuss). Globotrun-
canacoronata Bolli and double kecled, bi-
planar forms with raised umbilical sutures,
here assigned to G. linneiana (d‘Orbigay).
appear somewhat later in che Turonian
(Bolli, 1957; Trujillo, 1960; Pessagno, 1966,
in press).

In California and the Gulf Coast
several othy

more than one spe

regions
species, as yet unnamed or un-

described, are present in rocks of chis age
(Marianos and Zingula, 1966; Pessagno,

1966, in press) .

On the basis of the above Foraminifera,
the Lower Turonian can be identified in the
Venado Formation, in the lower part of the
Marsh Creck Formation (near Locality 556
of Colburn, 1962) and in Member 11 of the
Redding area (Trujillo, 1960) in California,
in the Agua Nueva and San Felipe forms
tions of Mexico, the Chispa Summit F
mation of Texas (Pessagno, 1966, in pre
and possibly in the Carlisle Shale of Colo-
rado (Eicher, 1966) and basal Naparima
Hill Formation of Trinidad (Bolli, 1957).
The presence of Pracglobotruncana helvetica
(Bolli) in widely separated limestone and
shale deposits in the Franciscan terrain of
northern California (Bailey, et al, 1964) in-
dicates a Turonian age but does not indicate
which part of that stage.

Coniacian

Santonian Specics

Few  stratgraphically diagnostic pelagic
Foraminifera were widespread in - North
America during the carly Senonian. In the

eastern Pacific region the diverse plankronic

(Bolli) and P. renzi (Gandolfi) oceur to-
gether near the lower boundary of the '

blage consists largely of endemic spe-
cies. Only Globotruncana coronata Bolli, G.
linneiana (dOrbigny), G. eretacea (dOr-
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bigny) and G. fornicata Plummer are corre-
lative with the Gulf-Caribbean area. The
Coniacian-Santonian Niobrara Formation of
the western interior contains Globotruncana

marginata (Reuss) and G. canaliculata
(Réuss) (=7 G. linnciana _dOrbigny)
(Bolin, 1952; Shaw, 1953) while correlative

stat in western Canada are characterized
by "Hedbergella cretacea (dObigny)” and
Heserobelix sp. (Wall and Germundson,
1963 ). These species are unreporeed or long
ranging on the West Coast.

“oniacian plankeonic foraminiferal faunas
seem  pardicularly  difficule 0 recognize.
Early Scnonian assemblages are  gencrally
characterized by long ranging forms and best
defined by the abs
(Cushman, 1946;

nce of
Bolli, 1

dolfi, 1955; Trujillo, 1960; 1966,
in press, and others). Useful species in Texas
and Trinidad are Globotruncana angusti

carinata Gandolfi, G. cretacea (d'Orbigny)
G. inornata Bolli coronata Bolli and the
specimens referred © G. renzi Gandolfi by
Bolli (1957) and Pessagno (1966, in press)

Globotruncana concavata (Brotzen) is a
restricted late Coniacian-Santonian marker
in the Gulf-Caribbean region (Bolli, 1957;
Pessagno, 1962, 1966, in press) but has been
reported in older rocks outside of the Ameri-
cas (Sigal, 1952; Dalbiez, 1955; Barr, 1962;
Van Hinte, 1965). A previous California
record (Takayanagi, 1965) is based on a
misidentification:

Globotruncana fornicata Plummer, a com-
mon Senonian form, firsc appears in the
Santonian in the Techyan region in the Up-
Manure Shale of Colombia (Gandolfi,
1955), at the base of the G. concavata zone
of Trinidad (Bolli, 1957), and in the Austin
Chalk and correlatives in the Texas-Mexico
area (Cushman, 1946; Pessagno, 1966, in
press). A globotruncanid with  crescentic
spiral chambers similar t0 G. fornicata Plum-
mer is present in the Funks Formation of
California. However, typical specimens like
those from the Gulf Coast were not present
in California prior to the Campanian

Campanian-Maestrichtian Specics

In contrast o the carlicr Senonian, the
Campanian is characterized by sudden di-
versity of stratigraphically important globo-
truncanids. This proliferation of species
probably reflects, in part the more inensive
study of younger Cretaceous strata, and the

tudies in Geology

Vol

difficulties in defining the Santonian on the
basis of planktonic Foraminifera. This di-
versity probably began in the late Santonian
with the rapid evolution of several double
keeled lineages, an increase in single-keeled
types, and in the Tethys, an expansion of
the rugoglobigerines

The Lower Campanian of the West Coast
contains - Globotruncana (Cushman ),
G. fornicata Plummer, G. stuartiformis Dal-
bicz, G. ventricosa White and the last ap-
pearance of G. coronata Bolli, 'I'!\n early
Campanian occurrence (possibly Santonian,
akayanagi, 1965) of G. arca (Cushman)
s restriction (o the latest Campanian
n on the Adantic Coast is
more a problem of concept than homeoraxis.
The evolution of G. arca (Cushman) from
G. tricarinata (Quereau) was originally sug-
gested by Cita (1948) and its scratigraphic
significance amplified by others (Berggren,
1962; Olsson, 1964). In California the Up-
per Campanian boundary cannot be recog-
nized by this evolutionary change as it has
been elsewhere (Olsson, 1964). Specimens
indistinguishable  from  typical G, arca
Cushman) arc present in lower Taylor
strata of the Gulf, and in Campanian rocks
of California, Mexico (Pessagno, 19606, in
press), and Trinidad (Bolli, 1957). The
crux of this problem is the lack of a clear
definition of G. tricarinata (Querean), which
was originally described from thin-sections
Until the external morphology of this spe-
and others dequately d
scribed, such problems will persist.

Globotruncana ventricosa White, G.

arca

ele
vata (Browen), G. stuartiformis Dalbiez,
G. mariei Banner and Blow and G. rosetta
(Carsey) comprize an important Middle-

Upper Campanian assemblage, which allows
close correlation both within and without
the Americas.  Globotruncana  havanensis
Voorwijk, first appears in the high Upper
Campanian, is common in the Pacific, Gulf

and Caribbean areas but absent from the

Atlantic Coast (Olsson, 1964 ).
G. nothi Bronnimann and Brown and
Martin are tricted w0 the

G. churchi
Campanian-Lower Maestrichtian on the west
coast. The distinctive G. calcarata Cushman
was restricted (o the Tethys in the Upper
Campanian. 1t is found in the Taylor Group
of Texas (Cushman, 1946; Pessagno, 1960,
in press), the Mendez Shale of Mexico
(Ayala-Castanares, 1954), Vid Blanca For-
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mation of Cuba (Bronnimann and Rigassi,

963), Campanian limestones in Panama
(Fisher and Pessagno, 1965) and on guyors
in the mid-Pacific (Hamilton, 1953) bu
e e ety Calla
couver Island or Alaska.

The evolution of G. contusa (Cushn
from G. fornicata Plummer occurred in the
carly Macstrichtian. The high spired, crenu-
lated G. contusa (Cushman) is common in
the Ripley and Navarro formations of the
Gulf Coast and in Macstrichtian rocks of
New Jersey-Delaware and the Caribbean.
Representatives in California represent the
initial step in this cvolutionary sequence

(PL 2, fig. 2), which significantly arc found
in formations of latest Senonian age. Using
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abundanc nor widespread in the Americas
uncil the ltest Upper Creaaceon

R. rugosa (Plummer) in the C
17 i KRS et (Grasit
1955; Pessagno, 1962, 1966, in press) sug-
gest that it may have evolved in the Tethys
and spread northward. It is not found in
California or New Jersey (Olsson, 1964)
prior to carly Macstrichtian.

In the Tethyan region, the Middle and
Upper Maestrichtian is defined by Globo-
truncana gansseri Bolli, G. contusa (Cush-
man) and the Abathomphalus mayaroensis
zone (Boll 1957). Al indicaive of this
age are the species G. stuarti parent),
& i i, G e
nensis V(xm\ul and the genera Trinitella

these species of Gl and certain
heterohelicids, the fn]lo\\'inp, correlations are

ylor Group of T (Lower Tay
an Gap, and Upper Taylor form
tions), the middle Mendez Shale and upper
parc of the San Felipe Formation of the
Tampico arca, Mexico, and the upper part
of the Naparima Hill lower Guay
guayare formations of Trinidad corrclate
with the Forbes, the upper part of the Marsh
Creck, upper Marlife and lower Uhalde for-
mations in northernCalifornia_and  with
parts of the Rosario Formation in southern
Californ
The upper part of the Marsh Creek For.
mation and the upper section at La Jolla
(San Diego County), in (,.||1f()rm.| are of
Maestrichi
graphic equiv
Marlbrook Mz :
perhaps the lower portions of the Corsicana
and Arkadelphia Marl of the Gulf Coast,
the lower part of the Papagallos Shale of
northeastern Mexico, Rio Yauco Formation
and upper part of the Parquera Limestone
of Puerto Rico and the middle portion of
the Guayaguayare Formation of Trinidad.
Reference o Table | suggests that mos

continued into the L.Ir]\ Ma
the west coast the first app
globigerina rugosa (Plummer)
atic Descriptions ), R. rotundata Bronnima
and the joint occurrence of Globotruncana
nothi Bronnimann and Brown, Globotrun-
cana bhavenensis Noorwijk and G. peraloidea
Gandolfi indicate carly M

crally the rugoglobigerin

do not become

Excepr for \pl’(i(‘.\ of Abathomphalus and
Plummerita, which did not extend above 25
degrees north latitude, this fauna and asso-
ciated heterohelicids allow u)rrdmon be-
tween the northern Gulf and Adantic Coastal
regions and the Tethyan faunas of Mexi
Cuba, Puerto Rico and Trinidad. However,
this entire assemblage is unreported from
California, Vancouver Island, or Alaska
(Bergquist, 1961: McGugan, 1964). One of
several possibilities may explain this anom-
aly: 1) A stratigraphic hiatus separates the
west coast Upper ceous from the Terti-
2) Strata of Late Maestrichtian age are
present but, a) contain no planktonic Fo-
raminifera, or, b) the Upper M1c>lml|u1n
Globotruncanidae of the Gulf a
bean area were excluded from rl\c nnrrhcrn
Pacific basin.

In California, apparently unbroken stra
graphic sequences can be found through the
ate Mesozoic into the Cenozoic, as in_ the
Moreno Formation (Popenoe, ef al.. 1960;
Martin, 1964). Here as elsewhere in the
state, the last globotrunca pears seve
hundred feet below the Paleocene contact
The sequence contains benthonic Forami-
nifera and ammoniites but they are nor indi-
cative of a precise age within the Maestrich-
tian (Martin, 1964; Matsumoto, 1960; Pope-
noe, et al., 1960).

Based on planktonic Foraminifera
ammonites, the zone” of Lmudl.uff
(1945) is early Maestrichtian in age and the
“Cheneyan Stage” or his “A zong Danian
(Loeblich, 1958). The interim zones should
therefore include the late Upper Cretaceous
as no apparent hiatus separates these zones
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in parcs of the San Joaquin Valley. Rocks
of younger Maestrichtian age thus may be
present, but do not contin keeled plank-
tonic foraminiferal species. Adverse ecologic
conditions might explain the local exclusion
of pelagic organisms but this globotruncanid
assemblage is also lacking in Baja
Mexico, Vancouver Island, Alask
where. The youngest plankronic foraminif-
eral assemblage presently identified in Cali-
fornia is characterized by Globotruncina
havanensis Noorwijk, G. arca (Cushman),
Preudotextularia_clegans (Rzehak), P. cf
deformis (Kikoine) and Racemiguem-
bel'na fructicosa (Fgger). These elements
extend into the Upper Maestrichtian in the
Gulf- can area but without other asso-
ciated taxa do not indicate an unequivocal
Late Macstrichtian age.
The Californiamoll
swong endemic or Indo-pacific affinities
(Popenoe, e al., 1960; Marsumoto, 1960)
but provide some uscful stratigraphic cor-
relatives. Baculites lomaensis Anderson and
B. columna Morton occur in the Prairie Bluff
Chalk of Alabama and the Corsicana and
Neylandville marls of Texas, respectively.
Both are apparendy of Lower or Middle
Maestrichtian age (Matsumoto, 1960). The
highest beds in the Moreno Formation con-
win Baculites rex Anderson, Eubaculites
ootacodensis (Stoliczka), Deplomaceras sp.

an faunas have

an
and should thus be Middle to late Macstrich-
tian in age (Popenoc, et al, 1960). These
strata can be correlated with the Maestrich-
tian of Japan but do not indicate which part
of the stage is represented.

Thus precise correlation between the
Middle-Upper Macstrichrian of the West
Coast and the Gulf-Caribbean is presently
only tentative. More work is required for
locating and documenting the latest Upper
Cretaceous foraminiferal species of the cast-
ern Pacific arcas.

IV. SYSTEMATIC DESCRIPTIONS

The classification followed is that of the
Treatise of Invereebrare Paleontology, Part
C (Loeblich and Tappan), 1964. The funda-
menml criteria upon which the genera are
based and utilized in this paper are

1. Apertural  characteristics,  including
position and shape.

2. Chamber modifications including the
general shape, and the presence of one or
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more keels, or pnmlm margin

3. General shape and development of test.

Specific characters include the following:
a. Size, shape and proportions of test
including relative size of umbilicus.
b. Numbers, shape, position and pro-
portions of chambers.
¢ Surface ornamentation.

Although i is difficult to assign a greater
priority o cither a or b, they have much
greater consistency than does the remaining
character-

Species distinguished largely on degree,
intensity, or on of surface ornamenta-
tion are difficult o recognize because
features are rarely consistent within a single
population. Suites of individuals of the same
species commonly exhibic wide latitudes in

of surface
Globotruncana arca (Cushman), for exam-
ple, may be smooth to beaded to nearly
rugose on the spiral side of the chambers,
and the elevated sutures separating  the
chambers vary in the same way (sce pl. 2).
Variation in degree of surface ornamenta-
tion within a species of Hedbergella or
Rugoglobiy may be quite d
The differences are particuiarly apparent
when specimens of a species are compared
from different arcas. Olsson, (1964), for
example, noted that the New Jersey rugo-
globigerines have thinner, less flatened
spines and a less obvious meridional pattern
chan their Gulf Coasc o

or pitted ),
ever, and is pmbAbly of significant value
If the kind of surface ornamentation is con-
trolled by the wall microstructure, and an
extension of i, as it is in Cenozoic plank-
tonic Foraminifera (Lipps, 1966, in press).
it may be an important taxonomic criterion.

Complete synonymies are not presented
herein; only the original reference is given.

Superfamily GLOBIGERINACEA Carpenter,

er,and Jones, 1862
Family ROTALIPORIDAE Sigal, 1958

Genus HEDBERGELLA Bronnimann and
rown, 1958

PLS, fig.
Rugoglobigerina  prachelvetica
960, Jour. Palcontology, v. 34
340, pl. 49, fig. 6a-c.




Cretaceons Rotalipor

Test free,
nmul\' flat,
to rounded,
Chamber
lated, i

trochospiral,
axial periphery hemispherical
cquatorial periphery  lobate.
5 to 6 in final whorl, globular, in-
easing gradually in size. Sutures
curved, depressed on spiral side, straight.
radial,” depressed on umbilical side. Wall
calearcous, perforate throughout, radial in
Structure, initial chamber al side
e e
side coarsely beaded to rugose
deep and_wide. Aperture an interiomargi-
nal, umbilical-extraumbilical arch, with nar-
row bordering lip.

Greatest diameter
thickne 0.16 mm.

low spiral side
< 1

of hypotype 0.36 mm,

Remarks: This species is similar to and
sometimes associated with Praeglobosrun
cana helverica (Bolli). Ic may be differen-
tiated by the more globular chambers, ab-
sence of a rim on the edge of the spiral
chambers and the fincly perforate margin

Types and occurrences: Figured specimen
from Venado onm.mnn Putah Creek, Yolo
Co. (UCLA loc. 5227), California.

HEDBERGELLA 5p.

PLS, fig. 10
st free, low trochospiral, zently convex
side, umbilical side nearly

flat,
rial periphery lobate, axial periphery
to broadly “truncate, covered with
large spines. Chambers globular, 5 to 6 in
final whorl, compressed and subeircular to
subrectangular on umbilical side. Sutures
radial am:l 4Iuyn<~ sed, slightly curved on spi-
v all caleareous, perforate, zulml
in ~lxu('tuxv, sur piny to rugos

ou
ce sp
lesced spines on umbilical side rodially ar
vanged. Umbilicus wide and shallow. Ape

ture an interiomarginal, umbilical arch’ ex-
tending from umbilicus nearly to margin,
bordered by apertural lip.
Greatest diameter of
7 mm, thickness 0.27

i figured specimen

Remarks: The spiny surface ornamenta-
tion of chis species, with radially arranged
umbilical spines, is suggestive S e
Rugoglobigerina, However, nonc of the
specimens examined possess tegilla and the
aperture is a single interiomarginal opening
which excludes the taxon from the Globo-
truncanidae. It is tentively placed in the
genus Hedbergella.

Figured specimen

Types and occurrences:
inks Creek, Colusa

from Sites Formation, F
Co. (UCLA loc. 5228)

Unfigured specimens from unnamed Cr
taceous strata near Benicia, Solano Co.; Yolo
‘ormation, Yolo, Co. (UCLA loc. 5240);
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and, Marsh Creek Formation, Contra Costa
Co. (loc. UO 773), California.

HEDBERGELLA sp. 2%
PL 1, fig. 1
Test free, low trochospiral, biconvex, spi-
side nearly flat, inner whorls somewhat
aised, axial periphery ovate, equatori
periphery lobate. (ha\mhm\ ﬂkﬂml‘u il
cular to subrectangular on
subtriangular on umbilical side, incressing
L’lmluull\' in size lly 5 in final whorl.
gently curved
ressed, nearly
al all caleareous,
adial in ~tmunno spiral surface
spines radiating tangentially
from early uhnmhu& umbilical ((- with
heavy pustules or ridges radiating from
bilicus. U mlulu'u \\ude and shaHo\\
ure somewhat ol d by matri
but appears to be ”\t(‘liﬂn\dl){il\dl, umbili
cal. with large apertural flap.

Greatest diameter of figured
0.60 mm, thickness 0.26 mm.

Remarks: This species is placed in Hed
bergella based on its porous margin and
apertural features. The surface ornamenta-
tion of well prescrved specimens are, how-
ever, suggestive of Rugoglobigerina.

Hedbergella sp. 1 is separated from H
sp. 2 by its blunt axial periphery, clevation
of the inner whorls on the spiral side and
differences in ornamentation.

Type and occurrences: Figured specimen
from the lower Sites Formation, Funks
Creck, Colusa Co. (UCLA loc. 5228).

Unfigured specimens from  Cretaccous
strata near Benicia, Solano Co, and Marsh
Creek Formation, Contra Costa Co. (loc
UO 775), California.

al

w

backwa
radial

on
perforate,
with coalesced

specimen

Genus PRAEGLOBOTRUNCANA Bermudez,

52
PRAEGLOBOTRUNCANA HELVETICA
(Bolli)

PL S, fig. 1
Globotruncana helvetica_ BoLui, 1945, Eeclo-
gae Geol. Helv, v. 37 (1944), no. 2, p.
6, pl. 9, figs. 6-8, text-fig. 1 (9-12)
Test free, low trochospiral,

inner whorls_ slightly raised,
axial periphery hemispherical with beaded
rim on edge of spiral side, equatorial periph-
ey Tobath Ohambers glabuler, dabsroniax
to petaloid on spiral side, strongly inflated
on umbilical side, increasing gradually

nearly flat,

is described as a new taxon
by Marinnos and Zingula, 1966 (i press):
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size, 5 or 6 in final whorl. Sutures curved
and depressed on spiral side, straight, radial
and dqnu«en on umbilical side. U mlulmn

Studies in Geolog;

Vol.

Remarks: The species is placed in the
e BT B i i

wide and deep. Aperture

al, tegilla not. present on examined

test diameter of h\hd(\ pes 0.34-0.39
sum, thickuisss 010,28

Remarks: This species is placed in the
genus Pracglobotruncana because it has a
simple aperture without tegilla or accessory

apertures. The described hypotype (pl. 2,
fig. 1), closely resembles specimens. from
Trinidad (Bolli, 1957, pl. 13, figs. la-c)

Individuals which are thicker and have more
clevated rims on the spiral side probably
represent the more common type.

The species sent in the Caribbean
(Bolli, 1957), Texas-Mexico region (P
sagno, 1966, in press) and California (Tru-
jillo, 1960; Bailey, ef al.. 1964) but is not
recorded from the western interior of the
United States

Types and occurrences: Figured hypotype
from lower Venado Formation, Putah Creek
Yolo Co. (UCLA loc. 5227), California

Unfigured hypotypes from Marsh Creek,

Contra Costa Co. (UCLA loc. 5233); un-
named Cretaceous strata, west end of San
Miguel Island, Sanca Barbara Co.
Unfigured hypotypes also recorded by
rujillo (1960) from Member 11, Redding
area, Shasta_Co., and Bailey, er al. (1964)
from the Franciscan limestones north  of
San Francisco. California,

PRAEGLOBOTRUNCANA RENZI ( Gandolfi )
i fig. 3

Globotrucana, renzi GANDOLFY, 1042, Riv.
Ital 2 Supp. mvm 4, p. )
pl. ,71 i) figs. 15. 16, 28, 20; pl
10,

Test free, low trochospiral, biconvex,
cquatorial periphery subcireular,  slightly
obate, axial periphery angular truncate in
later angular rhomboid with
paced keels which commonly

increase gradually
i final whorl, subsirealar, aub:
entic on spiral side, subrectangular on
umln]vc(\l side, overlappinz. Sutures on

d

\\vd curved and bead
iiEsth lor oo cal-
careous, perforate, radial in structure, sur-
face lightly rugose, smooth in later (ham—

ave blunt spines. lrmlu e
Aperture an inte
v\t&lmhng fn)m

bers, keels may h
ow and
marginal, umhmml
umbilicus hal o mar

ire em(wt dmmmr of Tygotype 0.51 mm
thickness 0.27

single aperture, and lacks
tegilla, and accessory apertures.

Considerable taxonomic confusion  sur-
rounds this species. The name Globotrun-
cana renzi was applied by Thalman (1942)
and Gandolfi (1942) to specimens described
by O. Renz but the former designation is
invalid (sce Ellis and Messina, Suppl. 1958,
no. 2, under G. renzi Thalmann). However.
some later workers have not followed this
interpretation. Eicher (1966), after Klaus
(1960), suggests that G. renzi Thalmann
is the valid name, that the species be placed
in Pracglobotruncana and that Globotrun
cana renzi Gandolfi is a different species
Bolli (1945, 1957), Pessagno (1966, in
press) and others, have based their identi-
fications on the description and figures of
Gandolfi (1942). Also, Pessagno (1966, in
indicates that the syntypes of Gan-
dolfi included more than one specics and
restricts his usage to specimens ¢
by pl. 4, fig. 15, and text-fig. 45 of Gandolfi
(1942). As noted by Trujillo (1960), the
undulating surface and depressed sutures of
the spiral side of G. renzi Gandolfi of Bolli
(1957) are unlike the type illustrations.
The stratigraphic range in Trinidad also ap-
pears o be e than occurrences in
Europe (Sigal, 1952; Hagn and Zeil, 1954;
Klaus, 1960) or the West Coast (Trujillo,
1960)

The specimens here referred to Pracglobo
trumcana  renzi are  based on  Gandolfi
(1942). They identical to previously
described  California  examples  (Truiillo,
1960) but differ from those of Eicher (1966)
or Pessagno (1966, in press).

A complete understanding of the scrati
graphic and  geographic  discribution  of
“Globotruncana renzi” must await a clearer
taxonomic definition of the taxon

Types and occurrences:
from lower Venado Formation
Yolo Co. (UCLA loc. 5227)

Unfigured hyporypes from Marsh Creek

Figured hypotype
Putah Creck,

Contra Costa Co. 233), and
Venado Formation, Corral  Creek,
Colusa Co.

The  stratigraphic
questionably late
ronian in California.

range appears 0 be
omanian o upper Tu-




GLOBOTRUNCANA STEPHANI

(Gandolfi)

PL4, fig 1
Globotruncana stephani  GANDOLFI, 1942,
iv. I Pal., 48, Suppl. \Ipm J, p.

free, trochospiral
spiroconvex,
tmLt carinal

maoderately
axial peripher
v ennatAlipe
hery lobate. Chambers subrounded, later
ones. slightly. depre n spira -
g subngulas, commonly 6 or b in
lmdl vhor utures distinet, gunﬂy curved
and depressed on spiral side, ne:
e e
rate, radial in structure, surfac
pinose, carinal band rugose. Umbilicu
row and shallow. Aperture an nar-
ginal, umbilical arch, commonly with large
road flap. Apertural area may be su
rounded by a smooth oval area.

Greatest diameter of hypotype 0.31, thick-
ness 0.17 n

me/e:v In a recent revision of Ceno-
manian  plankeonic foraminifera, Loeblich
and Tappan (1961) noted the wide geo-
graphic range of this species in North
America and elsewhere. Its apparent absence
from Trinidad has been explained by a
stratigraphic hiatus (Bolli, 1957).

The association of this species with true
globotruncanids, such as  Globotruncanda
sigali Reichel and G. imbricata Mornod, sug-
gests thac it extends into the lower Turonian
on the Pacific Coast.

Types and occurrences: Figured hypotype
from Marsh Creck Formation, Contra Costa
Co. (UCLA loc. 5233).

Wide spread in the Cenomanian, it is
known from the Greenhorn Formation,
Kansas, Eagle Ford Group (Britcon Shale),
Texas and from several localities in Europe
(Loeblich and Tappan, 1961). It is also re-
ported from the Cenomanian of Clark Val-
uy Glenn Co., Calif. (Loeblich and Tappan,

1961).

rdial

nar-

Family GLOBOTRUNCANIDAE Brotzen, 1942
Genus GLOBOTRUNCANA Cushman, 1927
GLOBOTRUNCANA ARCA (Cushman )

PL2, figs. 6,7
Puvinuling arcq CUSIMAN,
Lab. Foram. Res. Contr.,

P15, fige, 1a-
Test free, low to moderately high trocho-
spiral, biconvex, usually more spiroconves,

6, Cushman
2, pt. 1, p. 23

1
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equatorial periphery lobate, axial periphe
angular truncate two_distinet keels.
6or7in (mal whorl, increasing
gradually in size, petaloid to crescentic on
ubrectangular on umbilical
Sutures curved, limbate,
rved, d

perfor
early chan

rs lightly pustulose, la
smooth. Umbilicus d(‘(p and wide.

aperture
monly cov

interiomarginal, umbilical,
1 ed by tegilla with intra- and
pertur

Greatest m meter of h)pul)po 0.41-0.49
mm, thickness 0.14-0.

Remarks: (,In/)r;l/'mnwm arca (Cushman)
appears to be truly cosmopolitan, The same
morphologic types is well represented on the
West Coast, Gulf and East Coasts of Norch
America, and in the Caribbean a o
form is biconvex-spiroconvex
el [ g Goeral 1 i
Specimens examined from the Pacific an
Gulf Creaccous vary in degree of bicon-
vexity, and surface ornamentation. Berggren

(1962) belie (Cushman) to be an
Lndpmm of the lapparenti-tricarinata-arca
sequence and regards the species as restricted
to the Maestrichtian. Although this evolu-
tionary development seems plausible, G. arca

“ushman) firse appears, outside of Scan-
dinavia, in lae Sanwonian 0 early Cam-
panian times. This species differs from G
tricarinata (Quercau) in the more convex
spiral side, and oblique carinal band, and
in lacking the periumbilical extension of the
umbilical’ carinac which resembles a chird
keel.

Types and occurrences: Figured hypotypes
from the Rosario Formation, La Jolla, San
Dicgo Co. (UCLA loc. 5241 ); Marsh Creck
Formation, Contra Costa, Co. (UCLA loc.
5236)

Unfigured hypotypes examined from the
Panoche Formation, Moreno Gulch, Fresno
Co. (Marcin, 1965); Forbes Formation,
Rumsey Hills, Yolo Co. (UCLA loc. 5230

7. arca

and 5231); Cretaceous straca, Carlsbad, San
Dicgo Co. (UCLA loc. 2412)
Unfigured hypotypes from the Upper

Taylor Group, Onion Creck, Travis Co.,
Texas (Plummer loc. 226-T-8); Mt. Laurel-
Navesink Formation, New Jersey (Olsson,
1964)

This species has also been reported from
British Columbia, Canada (McGugan, 1964).
Trinidad, West Indies (Bolli, 1951, 1957).
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and Colombia, South America (Gandolfi,
1955)

Stratigraphically chis species appears to
range from the late Santonian t Maestrich-

GLOBOTRUNCANA CACHENSIS 1. Sp.
Douglas
PLS, fig.5
Globotruncana sp. C MARIANOS
GULA, 1966, Jour. Paleontology,

AND ZIN-
10, i

Test free, low to high trochospiral, spiro-
convex, periphery ovate, marginal
band with well developed keel on ‘spiral ed
in early chambers, later rounded, equatorial

er lobate.” Chambers giobular, in-

slightly |
ressed, nearly straight, radial
arcous, radial in structure, perf
cularly the car

rugose, i
luter chamben Umbi
deep_and wide. Apmuu- b
umbilical. Spm mens examined are without
preserved tegi

Greatest dr.xmttux' of holotype 0.43 mm,
thickness 0.24 mm.

Remarks: Juvenile forms are similar o
Pracglobotruncana helvetica (Bolli) bur are
readily discinguished from the lacter by the
spiroconvexity and ovate chambers in final
whorl, which lose the distince keel on the
spiral edge of the margin. Axial thin-
scctions show a wide porcless margin in the
carly chambers which becomes  narrower
with age. Margins of the final chamber may
be entirely porou

The stratigraphic range is from Middle
Turonian to Coniacian.

Types and occurrences: Figured holotype
and unfigured paratypes from the Yolo For-
mation, Sal Creek, Colusa Co. (UCLA loc
5238), California. All specimens on depos-
it ac the Deparement of Geology, University
of California, Los Angeles

Unfigured specimens from the Yolo For-
mation, Cache Creck, Yolo Co. (UCLA loc.
5240) ; unnamed Cretaceous strata near Mar-
tinez, California. corded from the
Dry Creck a (Marianos and
Zingula, 1966, in press ).

GLOBOTRUNCANA CHURCHI Martin
PL2, fig. 10; PL.5, fig. 2
Globotruncana churchi “'\I(TL\,
eol. Bundesanst. Sonderl
pl. 9, figs.

1964, Jb.
9, p. 79,

5a-c
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Test free, trochospiral spiral
side moderately al with inner
whorls_disti umbilical side
often slightly concave, axial periphery trun-
cate, inclined towar ilicus, with two
Gistinet keels, umbilical kel ofien weakly
developed on last chamber, equatorial pe-
riphery mo(lelatelv lobate. Chambers 6 t

in final slightly inflated, increasing
gradually in size, petaloid on spiral side,
subrectangular on umbilical side.

utures
curved, limbate, elevated, beaded on spiral
side, slightly curved, depressed on umbilical

ide.  Wall c;xlc.\leo\l:, perforate, surface
initially pustulose, later dmmburw‘ smooth.
Umbilicus moderately leep. Aperture
interiomarginal, nmlulual covered by te-
eilia w nf aminal accessor:
apertures.

ireatest diameter of hypol)pks 0.3
mm; thickness 0.19-0.

Remarks: This species was first recorded
from Campanian strata near Coalinga, Cali-
fornia (Cushman and Church, 1929) but
was referred then and by most successive
authors t© G. arca (Cushman) tin
(1964) recognized its unique morphologic
features and erected the species G. churchi.
We concur in the recognition of this diag-
nostic and stratigraphically useful species. It
is found in straca of Sanconian to Campanian
age in several California localitics. Globo-
truncana churchi Martin is separated from
G. arca (Cushman) by the elevated inner
whorls on the spiral side and the smaller,
more petaloid chambers.

1-0.41

Types and occurrences: Figured hypotypes
from unnamed Cremceous,” Carlsbad, ‘San
Dicgo Co. (UCLA loc. 2412); Sites Forma-
tion, Colusa Co.

Unfigured hypotypes from  Cretaceous
straa, Stanford University Campus, Stan-
ford, Santa Clara Cos; from the Forbes For-
mation, Putah Creck, Yolo Co.; Marsh Creek
Formation, Contra Costa Co.

GLOBOTRUNCANA CONICA White
3, fig. 9

W) HITE, 1928,

5, pl. 38, fig. 7 a-

M hkon\ X, umhlll—

Globotruncana
Paleontolog;

conica
p.

mbers
ing gradually
in subpetaloid
on umbilical side. S d, elevated,
{imbate, hextel on spizal Side; radial o
slightly curved, du]n(ssul on umbilical sid
Wall caleareous, perforate, radial in strue-
fure, surface smooth 1o fiely Hispid. Um.
bilicus moderately large, deep. Aperture




No. 4

interiomarginal, umbilical,
gilla with accessory apertures.

Greatest diameter of hypotype 0.49 mm;
thickness 0.28 mm.

Remarks: Specimens referred (o this spe-
cies have been reported from Mexico
(White, 1928; Ayala, 1954; Olvera, 1959),
Trinidad (Cushman and Renz, 1947), and
Texas (Pessagno, 1966, in press). Pacific
Coast forms are restricted to southern Cali-
fornia and occur only sporadically. The spe-
cies is distinguished by the conical spiral
side, nearly flac umbilical side and distince
single keel. Globotruncana conica White
differs from high spired specimens of G.
fornicata Plummer in possessing petaloid
rather than broadly crescentic chambers and
in lacking the double keel of the latter
species.

Types and occurrences: Figured hypotype
from the Rosario Fummum\ La Jolla, San
Diego Co. (UCLA loc. 52

covered by te-

GLOBOTRUNCANA CORONATA Bolli
4;PLS, figs. 7,8

coronata

PL 4, fig
Globotruncana
194

lapparenti BoLL1,
jeol. Helv. 1944),

5,

fig. 1, abb. 21

Test free, large, biconvex, low to medium
trochospiral, axial periphery angular trun-
cate becoming rhomboid truncate in later
chambers, with two distinet, closely spaced
keels which may coalesce of merge on the
penultimate chamber. Chambers flat

somewhat inflated, subcircular on spiral
side, subrectangular on umbilical side. Su-
tures, curved, limbate, beaded, elevated on

spiral side, depressed, curved to nearly
straight and radial on umbilical side. Wall
calcareous, perforate, radial in structure,

ors rugose on spiral
h on umbilical
R de it Areraain
tegilla with intra-
ry apertures.
Greatest diamster of hypotypes 058073
mm, thi 27-0.31 mm.

initial Lhe\nl

Remmé;.‘ Gluburrumum: coronata Bolli
is readily distinguished from the allied G.
linneiana (d'Orbigay ) And G. tricarinata
(Quereau) by the large size, low biconvex
test, narrow double keels, B e
bilicus.

Types and occurrences: Figured hypotypes
from the Funks Formation, Funks Creek,
Colusa Co- (UCLA loc. 5229); Rosario
Formation, San Diego Co.: Sites Formation,

olo

Cretaceons Rotaliporidae and Globotruncanidae
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Unfigured hypotypes from Yolo Forma-
tion, Salt Creek, Colusa Co, and Sites For-
mation, Cache Creek, Yolo Co. (UCLA loc
5238, and 5232, respectively)

This species is common in Europe (Bolli,
1945; Klaus, 1959; Van Hinte, 1963), North
Africa (Dalbiez, 1955), Soviet Union (Sub-
botina, 1953), and Trinidad, West Indies
(Bolli, 1957)

The stratigraphic range appears to be Up-
per Turonian to Santonian, possibly extend-
ing into the Campanian.

LOBOTRUNCANA CRETACEA (d‘Orbigay)
PL 1, figs. 7,8

Globigerina cretacea v FORBIGNY, 1840, Soe.
e b ar sl o . No. 1,

p 34, bl 5,
Globigerina uu @ d'Orbigny, BANNER

D Cushman Found. Foram.
11, pt. 1, p. 8, pl. 7, fig. 1

4X0 Brow, 18
Res,, Cont.
(LECTOTYPE)
Test free, low trochos

al periphery ovate,

commonly present on all but ultim:
ber, all chambers with poreless margin,
equatorial _periphery moderately lobate:

Chambers n final whorl, incre:

gradually in size, xlobul,\r, inflated, beco

ing elongate in dir cmlm;.'

chamber commonly :luzh i Su-

tures distinet, slightly curved, depressed on

spiral side, radial to tly curved,

pressed on umbilical side. Wall calcareous,

perforate, radial in structure, surface pus
initial

tulose to hispid, chambers more
coarsely ornamented, final chamber neerly
smooth. Umbilicus wide, rim

Greatest diameter
mm, thickne 0.14-0.17 mm.

Remarks: Specimens of G. cretacea (dOr-
bigny) from the Pacific, Gulf and Adantic
Coasts agree wich the lectorype described by
Banner and Blow (1960). Axial sections
show a well developed double keeled juve-
nile scage with progressive loss of the keels
in later chambers. Consequently, adult forms
may appear (o be keel-less with a narrow
poreless margin

Types and occurrences: Figured typotypes
from Point Loma, San Dicgo Co. (UCLA

loc. 5225); Marsh Creek Formation, Contra
Costa Co. (UCLA loc. 5235)

Unfigured hypotypes frou Cretaccous
straca, Punta Descanso, Baja California,

Mexico (UCLA loc. 5226), and Marsh Creck
Formation, Contra Costa Co. (UCLA loc.
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ifornia; Austin Group, Travi
19

H
‘exas (loc.

226-T-4, Plummer, 1931),
lor Group, Dallas G (loc.
AT, M i T e

mation, Delaware (loc. DK-6, Olsson, 1964)

Based on examined specimens, this species
appears © range from Coniacian 1o carly
Maestrichtian,

GLOBOTRUNCANA E
PL3,

clevata
Paliistina
c.

Rotalia
v,

low trochospiral, biconvex
. strongly umbilico-
phery acute with distinet
single kml equatorial periphery moderately
lobate. Chambers 6 to 7 in final whorl, in-
reasing pradually in si ultimate rhaun»
bers often reduced in size, petaloid
siew, subpetaloid in umbili al view

curvéd, elevated, , beaded on x]mal
side, radial to \lu.hlb “curved, depre
on, tmbilic all cal pe

ce smooth
moderate

interio-

h

eu..cu..w su
to hnghm- e i
ly

al
GHE e A ok
s 0.40 mm.

Remarks: This species is distinguished
from G. stuartiformis Dalbicz by its more
numerous petaloid chambers, more  lobate
equatorial _peripher single  keel,
relacively flat spiral side and more strongly
convex umbilical side.

Globotruncana elevata (Brotzen) has been
recorded from the Near (B
1934), North Africa (Dalbicz, 1955)
rope (Knipscheer, 1956), the Gulf-4
bean area (Pessagno, 1962, 1966, in press)
and the Atdantic Coast of North America
(Olsson, 1964).

lts stratigraphic range is from Campanian

estrichtian.

Types and occurrences: Figured hypotype
from the Rosario ]urmumn La_Jolla, San
Dicgo Co., Calif. (UCLA loc. 5241).

Unfigured ||”ml)pn. from Point
San Diego Co. (UCLA loc. 5225)

0

GLOBOTRUNCANA FORNICATA Plummer
IS5t
fornicata PLUMMER, 1931
R p. 198, pl.
6.

Globotruncana
‘exas Univ
igs. da-c,

lo\\ trocho:
icate, a:

X, mo
mulm

pival, biconve:
pher

fr
umi

t
erately
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truncate with two distinct keels, equatorial
periphery slightly lobate: Chambers increa
creasing gradually in s
\\hml‘ (r|1||1|(1|||)' 1)n|u\lu\L mﬂul«L elun-
centic on spiral side, subrectangu-
umbilical side, ov |lnp|mu: Sutures,
curved, imbate, beaded on spira radi
to su;:hlly ved, qnusml on umbilical
le. W calcareous, perforate, radial
:.tru«nm-. surface ini pustulose
Umbilicus wid

cre.

Jax on
urv

i dec.

c
Aperture
cred by tegilla with nfra- and e
Tal apertures commonly ed.
st diameter of .n])tn,vpc\ 0414
0.

56
mm. dm

Remark representatives
.mm slighly (e ezt wpotype

. fornicata’ Plummer. Although they re-
win the diagnostic spiral and umbilical f
the figured hypotypes are thicker, have
cr surface and carinal i

e e repr
sent geographic and ‘or ecologic variations,
As the California forms are associated with
the same planktonic assemblage and occupy
roughly che same stratigraphic position
does the type, there appears litde justif
tion for the proposal of a new taxon based
on these variations. There scems little doubr,
based on external morphology, that they be-
long to the G. fornicata group. Such differ-
ences as occur appear analogous to variation
in recent plankonic species from differenc
water masses (Bolovskoy, 1959; Brinton,
1962)

The specimens referred by Takayanagi to
G. fornicata Plummer belongs in part 1o G.
linneiana (dOrbigny ).

Types and occurrences: Figured hypotypes
from lower parc of the Forbes Formation,
Rumsey Hills, Yolo Co. (UCLA loc. 5230)
and the Rosario Formation, La Jolla, San
Diego Co. (UCLA loc. 5241); Marsh Ci

Formation, Contra Costa Co-, (UCLA loc.
5235)

Unfigured hypotypes from the Upper
Taylor Group, Travis Co., Texas (Plummer,

1931, loc. 226-T-8).

Unfigured hypotypes from Maestrichtian
strata, Marsh  Creek, Contra C o.
(UCLA loc. 5235). Also reported from (hc
Panoche Formation, Contra Costa Co.,
fornia (Graham and Clark, 1961).
Unfigured hypotypes | frum Austin Chalk,

s Co., Tex,, (loc. 298, Cushman 1946)
Lower Taylor Group, Das Co, (loc. 226,
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Cushman,  1946); Upper Taylor Group
Travis Co. Tex., (loc. 148, Cushman, 1946),
Pecan Gap Chalk, Travis Co. Tex. (loc.
226-T-7, Plummer, 1931); M. Laurel-
Navesink Formation, Delaware, (loc. DK-6
Olsson, 1964): Marshalltown Formation,
New ¢, (loc. NJK 128, Olsson, 1964).

Recorded by Bolli (1957) from the Napa-
rima Hill and Guayaguayare Formations,
Trinidad, Wes es and from northeastern
Colombia, America, by Gandolfi
(1955)

The range of this species in the western
hemisphere appears to_be from late Coni
cian through Campanian, into early Maes-
trichtian.  The Turonian record from the
West Coast (Takayanagi, 1965) is based
on a misidentification.

GLOBOTRUNCANA HAVANENSIS Voorwijk
1. figs. 9, 10
(Jnhnlv wneana /mr'an('myer \ OORWIJK, 193
ka ef dam Proc.
6, 29.
biconvex to
hcate with s

2 m, p. 195, p i
et trochospira
spiroconves, axial periphery a
ingle keel that may become an
band on last chamber. Chamber

1, fig

aceons Rotaliporidae and Globotruncanidae
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tests. This latter characteristic possibly re-
flects a difference in wall structure, in which
case, they may in the future again be referred
to the genus Globotruncanell Rei

The stratigraphic range extends from Late
Campanian through Macstrichi

Types and oceurrences: Figured hypotypes
from the Rosario Formucion ol San
Dicgo Co. (UCLA loc. 5237); Marsh Creck
F()rnmrmn Gontra. Cosi! G, (OCIA 52
235)
L‘nfxgumd topotypes from the Habana
rmation, Cuba, collected by Max Furrer.
Unfigured hypotypes from Punta Descanso,
Baja California, Mexico: San Miguel Island.
nca Barbara Co.,

California.

GLOBOTRUNCANA IMBRICATA Mornod
PL 4, fig. 2
Globotrunecana imbrica*a \lt\l{\lm
felv, v. 42, .
IV ace, pl.

1T a-d, IT 'n <,

ghtly con:
al

vho a
iy i mm. te, with two well
developed_ keels, band, equa-
{onial nerinhery Ehahtly 1Gnats, meatly i
cular. Chambers subeireular on spir
on_umbilical side, over

final whorl 4
subglobular, compre
side slightly curved,

Sut.unos (o s
may be

beaded £ 5 umbili-
radial to slight de-
2 finely pufol.xu.

rface fincly hispid to

shallow. mary

ummhcul with
form a te-
essory

sul
"n\b\lu\h small,
mcmommmml
that lat
S

smm)th

avertural flap
gilla with intr
apertures

Greatest (lumcw) of h\'pnt\ pes 0.
mm, thickness 0.

Remarks: This species also appears o be
cosmopolitan in the late Upper Cretaccous
It is represented in the Caribbean area
(Voorwijk, ‘)% 5 Bolli, 1951; Ayala, 195,
Olvera, 1959; 55), the
Pacific Coast, Nor(h Afnu (Dalbiez, 1955).
in Europe (Berggren, 1962: Van Hince,
1963). Specimens from these various areas
show little morphologic variation. A closely
related form is G. [wmlnn/m (mndulh but
the latter differs in po a pnm[u\
margin racher than a distince e, nd
having more strongly  inflated e
Both G. havanensis Voorwijk and G. peta-
loidea Gandolfi differ from associated glo-
borruncanids in being more compressed,
single to nonkeeled and having more fragile

whorl.

ping, 5 or 6 in

pressed, gently e

depressed and near
Wi

nal Sutures de-
1

cal side. Wall calcareous, perforate,
Henerily migws o e
chambers smooth. lm)ullc\l

Primary aperture inte
cal. Specimens frequentl
shaped area surrounding prima
covered b;

Remarks:

This species is differentiate!
from Globotruncana linneiana (d'Orbigny )
by its nearly circular outline, lack of a peri-

umbilical extension of the ventral keel, and
frequent lack of an umbilical keel on the last
chamber, It is separated from G. coromata
Bolli and G. arca (Cushman) by consist-

ently smaller size, nearly flac spiral and um-
ilical sides and smooth outline.

Occasional specimens possess small bulla-
like structures over the aperture (pl. 4, fig.
2). Where these are broken, a thin rim of
calcite may surround the apercure (similar
to that shown on Praeglobotruncana stephani
(Gandolfi), pl. 4, fig.

Types and occurrences: Figured hypotype
from the lower Sites Formation. Funks
Creek, Colusa Co. (UCLA loc. )
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Unfigured hypotypes from the Yolo For-

mation, Salt Creek, Colusa Co. (UCLA loc.
5238); Marsh Creck Formation, Contra
Costa Co. (UCLA loc. 5233).

GLOBOTRUNCANA LINNEIANA (dOrbigny)
PL 4, figs. 6-8; PL 5, figs. 4,6,9
Rosalina linneiana n()lwlr‘\\' l‘H}( in Ra-
MON DE La SAGRA, Hist ysiaue po-
lmquc et naturellé de b (ubs v. 8,

L pl. 5, fig.

('In/mh uneana /nmemnu
BRONNIMANN AND BROWN, 1956, Eclogac
Geol. Helv., v. 48 (1955), yy 540, pl. XX,

15 (NEOTYPE).
Test low trochospiral,
wnibilical sides near

umnngm )

spiral _and
flat to slightly bicon-
ngular truncate with
inal band
s of colling, equatorial periphery lobate
Chanbers increasing gradually in aia
7 tn final whorl, final chambers may be of
somewhat reduced size, chambers pc(almd
n spiral side, subrectangular on um
sside, | Sutures curved, clevated, mbate,
beaded on spiral”side, radial to, slightly
curved, depressed on umbilical side.
caleareous, perforate, radial in
Shirkacs smootit i Bnely pustulose. B
perture intexiomar;:imnl nbilical)twell
preserved specimen Sess tegilla_with

va- and intralaminal accossory apertures.

Greatest diameter of hypotypes 0.26-0.71
mm, thickness 0.14-0.24 mm.

str ucLu

Remarks: The taxonomic history of this
common, widespread species has been dis-
cussed ac length clsewhere (Bronnimann
and Brown, 1956; Trujillo, 1960; Berggren,
1962). The writers consider G. lapparenti
Brotzen to be synonymous with G. linneiana
(dOrbigny)

The species first appears in the Turonian
as a compressed, parallel sided, double keeled
form. By late Campanian, an t‘\olu[mnny
trend leads o a thickening of the test, re-
ottty o 3 Wil v o, Pl gt
bers that become more lobate and peaalose
The recorded range is from the upper Turo-
nian to the lower Maestrichtian.

Types and occurrences: Figured hypotypes;
Venado Formation, Putah Creck, Yolo Co.
(UCLA loc. 5227), Sites Formation, Funks
Creck, Colusa Co. (UCLA loc. 5
sario Formation, La Jolla, San Dicgo Co.
(UCLA loc. 5241), Marsh Creck Formation,
Contra Costa Co. (UCLA loc. 5235).

Unfigured hypotypes, from the Austin,
Taylor, and Navarro Groups (Cushman,
1946); Mt. Laurel-Navesink and Marshall-
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town Formations, New Jersey and Delaware
(Olsson, 1964).

GLOBOTRUNCANA MARGINATA (Reuss)
PL2,fig.9
LG S I Bihm.

Rosalina
< 6, pl. 8, fig, 54, 74, pl. 13,

low erhospnnl lmomu axi-
an truncate with two

drray tarinal o
G sl penphury lobate. Chambers glo-
bula n spiral side, inflated,
‘ubnctxmzula . on_umbilical side. Sutures
dep imba aded on spiral

ressed,
iR e

gently curved to nearly ra-
Tial'on uabilical side, Wall caloarcons, per-
fo» radial, surface wit

or_ hispid, carinal band

e andldeen ary aperture interio-

marginal, umbilical, covored by tezilla with

intra- and infralaminal accessory aj
Greatest_diameter of hypotype 0.46 mm,

[hu‘knk S Ii 24 mm.

Remarks: The narrowly spaced keels and
greatly inflated chambers of this species
serves o distinguish it from other double
keeled - globotruncanids. ~ California  spe
mens compare well with the lectorype fig-
ured by Cushman (1946, pl. 62, figs. la-c).

This species is very abundant in Niobrara
strata of the Plains states but is a minor ele-
menc of the fauna in the West Coast. Forms
referred o Globotruncana  paraventricosa
Hofker by Graham and Church (1963) and
Martin (1964) are probably identical to
G. marginata (Reuss).

Types and occurrences: Figured hypotype
from the Forbes Formation, Putah Creek,
Yolo Co. (Superior Oil loc. F-119)

Unfigured specimens from the Forbes For-
mation, Rumsey Hills, Yolo Co. (UCLA loc.
5231); Marsh Creck Formation, Contra
Costa Co.

GLOBOTRUNCANA MARIEI Banner and Blow
Pl 2, fig. 8; PL. 3,
Globotruncana mariei BANNER AND BLOW,
960, Cushman Found. Foram. Res., Con-

. 8.

t.

Toat free, low Lro(hosplrnl biconve:
al periphery acute tly truncate, ini
tially with two keels, the umbilical kel be-
ing weaker and often lacking on later
chambers, carinel band sloping_strongly
towards umbilicus. Chambers increase grad-
ually n Tinal whorl, broadly
petaloid on \pnal side, subpetaloid on_um-
bilical side. Sutures curved, limbate, flush
to slightly clevated, beaded on spiral side,
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radial to slightly curved, depressed on um-
bilical side. Wall calcaréous, perforate, ra-
dial in structure, surface initially beaded
later becoming smooth, Umbilicus mod
ately wide and deep. Primary aperture in-
teriomarginal, umbilical, covered by tegilla,

witl nd infralaminal accessory aper:
tures.

Greatest diameter of hypotype
mm, thickness 0.18-0.22 mm.

Remarks: This species is separated from
G. arca (Cushman) by its compressed cham-
bers, narrow double keel tending to become
single on the final chamber, and the less
truncate axial periphery

Types and occurrences I"l;_mud hypotypes
from the Rosario lommtmn La_Jolla, San
Diego Co. (UCLA loc. 5241); Forbes For-
marion, Rumsey Hills, Yn]n Co. (UCLA loc
5231)

Unfigured hypotypes from  Cretaceous
strata, Punta Descanso, Baja California,
Mexico; Austin, Taylor, and Navarro Groups
of Texas (Cushman, 1946)

“This species, originally described from the
Selma Chalk of Tennessee, has also been re:
ported from the Macstrichtian of New Jer-
sey (Olsson, 1964) and Scandinavia (Berg
gren, 1962)

GLOBOTRUNCANA NOTHI Brénnimann
and Brown
PL 2, fig.5

Globotruneana_ nothi  BRONN AND
BROWN, 1 Eelogae Geol 48,
no. 2, p. 551, pl. 22, figs. 16-18.

st hm\ of medium to large size, low
trochospiral, biconvex, axial perip! -
gular truncate to subacute so'dis

closely spaced keels, equatorial periphery
lobate, Chambers globular, subcircular to
petaloid on spiral side, inflated, subtriangu-
lar on_imbilical side, only slightly overlap-
ping, 3 or 6 in final whorl, increasing regu-

7 res curved, limbate, dis-
T P At ST st o
ly radial on umbilical side. Wall calcare-
ous, perforate, radial in structure, surface
coarsely rugose in central part of chambers
on spival and umbilical side, outer edges of
chambers and carinal band smooth. Umbili-
cus wide and deep. Prima
teriomarginal, umbilical, tegilla with intra-
and infralaminal accessory apertures

Greatest diameter of hypotype 0.63 mm,
thickness 1 mm.

Remarks: This distinctive taxon is easily
recognized by the coarse rugosities on the
chamber walls and inflated, conical umbilical
chambers. Specimens from California differ
in the degree of ornamentation from Teth-

oridac and Globotruncanidae
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yan examples of the species. The rows of
coarse spines along the keels are replaced by
heavy beads and the rugositics on the spiral
side are frequently restricted to the center
of the chambers

Types and occurrences: Figured hypotype
from Marsh Creek Formation, Contra Costa
Co. (UCLA loc. 5235 )

In California this species is known only
from the carly Maestrichtian

GLOBOTRUNCANA PETALOIDEA Gandolfi
PL 1, fig. 11
(Rugoglobigering).

obotruncana _petalai-
Bull.

dea petaloiden  GAN

i i % , pl. 3

fig. a-c

Test free, Jow trochospiral, low, to moder-
ately spiroc slightly umbilicoconcave,
axial pmlphmv ovate to ubm-\m» with pore:
less margin on all chambers. Chambers 4

or 5 in final whorl, increasing
size, subglobular, ~compr
slightly curved and depres
radial and depressed on umbil:
caleareous, finely perforate, radia
ture, surface moderately, to lightly hispid,
r spines often located along (hwmber

Lo bilices narroy,
e
bilical arch with pmnumm Anut\u'\l Tap
extending over portion of umbilicus

Greatest diameter of holotype 0.
thickness 0.10 mm.

rapidly in

4 mm,

Remarks: Differences of opinion have
arisen over the taxonomic position of this
widespread species. Originally described as
4 globotruncanid by Gandolfi, later authors
have pliced it in the genus Pracglobotrun-
cant (Berggren, 1962; Olsson, 1964). In
our material this species closely resembles
G. havanensis Voorwijk in possessing the
imperforate margin but lacking the strongly
compressed chambers and distinct keel. Be-
cause of its poreless margin the species can-
not be included in the genus Hedbergella:
In che Pacific Coast material, no tegilla have
been observed, however, spawlace aperural
flaps are present which may represent the
remnants of a fragile tegillum. Because of
this feare and the close resemblance © G
Javanensis, the species is herein referred
the genus Globotruncana pending examina-
tion of better preserved material (see re-
marks under G- havanensis Voorwijk)

Types and occurrences: Figured hypotype
from the Rosario Formation, La Jolla, San
Diego Co. (UCLA loc. 5241)
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Unfigured hyporyy
strata, Punta Descanso, Baja California,
Mexico )UCLA loc. 5226), Marsh Creek
Formation, Contra Costa Co. (UCLA loc.

Navarro Group, Travis Co. Tex
7 Plummer, 1931); Mr. Laurel-
Navesink Formation, Delaware (loc. DK-6,
Olsson, 1964).

The stratigraphic range appears o be late
Campanian through Maestriche

from: Cretaceous

GLOBOTRUNCANA ROSETTA (Carsey )
PL3, figs. 6,7

CARS]

b

Globigerina, rosctta

Bull.,

‘exas
5, figs.

Y, 1
1, pl.
3 ah

Test_free, trechospiral,
de slightly sonvex, umb
A

Diconvex,

de moder-
periphery
Scute with single keel, mumlmml periphe
moderately lok

vod,
S
Wall caleareous,
arface smooth. lml.llp
moderately \\ul(- deep.  Aperture
marginal, lical, covered by tegilla

cr)
with infra- and G o T

0.36-0.46

atest diameter
mm; thickness 0.17-0.2.

Remarks:  Pessagno  (1960) remarked
that this was the most misidentified species
of Globotruncana. Although this is possibly
an overstatement, it is true that there are
several varying concepts of G. rosetta (Car-
sey). IHlustrated specimens from California
(Bandy, 1951; Martin, 1964) and elsewhere
1HllnL 1962; Van 1963; Noth, 1951)
milar buc all differ somewhat from
the typc. sey's holotype  (reillustrated
by Plummer, 1951) and our topotypic speci-
mens are distincely plano-convex, with an
acute peripheral section and straight sided
chambers  on  the umbilical side. This
morphologic type scems. restricted to the
Gulf region. Specimens from the Pacific
st are more biconvex, with a less acute
axial periphery, and somewhat curved um-
bilical sides of the chambers. This appears
1o represent the more common morphologic
form, judging from the published record.
We do not believe these features warrant
separation of 4 new taxon.

of holotypes
24 mm.

any

A small percentage of typical G. rosetta
(Carsey) initially have two keels. Such

Tulane Studies in Geology
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forms on the West Coast have only a weakly
deseloped or incipient sccond keel. A double
ed form which bears some \im' arity is
G. mariei Banner and Blow. However, the
latter is more compressed, strongly double
keeled and occasionally has flange—like
ornamentation which extends from the um-
bilicus to the margin (pl. 3, fig. 8). A few
specimens of G. stuartiformis Dalbiez some
\\hu resembles G. rosetta (Carsey) but are
more spirally convex, have inflated umbilical
chambers and stronger ornamentation and
are consistencly larger.

Types and occurrences: Figured hypotypes
fmm March , Contra Costa Co. (UCLA
5235); and Carlsbad, San Diego Co.
11'(' A loc. 2412).

Recorded from the Panoche Group, Fres-
no Co,, California (Martin, 1964) as Glo-
botruncana. goudkoffi Martin.

GLOBOTRUNCANA STUARTIFORMIS Dalbiez
]’I. 3, fi

urh[nmm Da LIEL, icropaleon-
\nlug\' vol. 1, no. 2,p. 16 ,u- ~fig. 10.
es trochospiral, biconvex, s
it slightly convex, umbilical side more
trongly convex, axial periphe te with
prominent single keel and cecasional row of
s simulating second keel. Chambers
asing gradually

horl,
potaloid to

in_size, | bangular_on
spiral si(h, subpotaloid on umbilical side.
Sutures curved, elev limbate and bead-

e e e nt e
on umb side. Wall calcarcous, pe
rate, radial in structure, surface smooth on
spiral side, smooth to pustulose on umbilical
Umbilicus moderately large and deep.
lpmllue interiomarginal, umbili-

essory apertures rarely

9

meter of hvpot.yno~ 0.41-0.
ess 0.26-0.35

mm, thickne

Remarks: This species was originally de-
scribed from the Upper Cretaceous of Tu-
nisia and is herein recorded frum (.\Mnmn
and Mexico. It is
from G. rosetta (Carsey) by the more um-
bilicoconvex  test, the s\]bun[.,\llnr chambers
and in possessing a single keel throughout
development of the test. The subangular
chambers, more convex spiral side and acute
axial periphery separates the species from
G. elevata (Brotzen).

Glok 5 is  Takayanagi
originally described from the Campanian of
northern California, represents a gradational
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variant of this species. It was separated from
the “clevata-stuartiformis” group by Taka-
yanagi (1965) because he believed it pos-
Sessed two keels. Examination of numerous
axial thin-sections  indicates it in single
keeled.

A further morphologic vari within
this species is noted in the degree of sur-
face ornamentation. Ceraain specimens ex-
hibit pronounced radial flanges on the um-
bilical surface (pl. 3, fig. 3) or commonly
show broken septa resembling flanges. As
these forms show no other divergent char-
acters they have been retined within this
species.

The stratigraphic range of this species is
early Campanian to late Macstrichtian.

Types and occurrences: Figured hypotypes
from Marsh Creck Formation, Contra Costa
Co. (UCLA loc. 5235); Point Loma, San
Diego Co. (UCLA loc. 5225)

Unfigured hypotypes from Punta Descan-
so, Baja_California, Mexico (UCLA loc
5226); rio Formation, La_Jolla, San
Diego Co. (UCLA loc. 5241); Forbes For-
mation, Rumsey Hills, Yolo Co. (UCLA loc.
5231); and Stanford University Campus
(Graham and Church, 1963)

GLOBOTRUNCANA TRICARINATA
(Quereau)
P] 4, figs. 9,10
carinata  QUEREAU
]\1ru- Sckw .

I’ulr'iuulhm

fig. 3a.
Test free,

biconvex, ax ngular trun
distint keals, catinal band paral-
is of coiling, periumbilical exten-
sion of umbilical carinae elevated to fo

“third” keel, equatorial periphery slightly
lobate. Charibers 6 to 7 in final whorl, sub-
petaloi spiral_side, subrectangular on
Umbilical side. Sutures curved, limbate, ele:
vated, beaded on spiral side, radial to
slightly curved on umbllical side. Wall cal-

lnw o modm,uo trochospiral,
al peripher

areous, perforate, radial in structure, sur-
face initially often pustulose, later (ham-
bers smooth. Umbilics e and deep.

rture interiomarginal, \nn\nh(-:\L
tegilla prosent in well preserved material,
<hm\mg mtm and fralaminal accessory
apertur,

Grea Le«t diameter ul' hvrml) pes 0.34-0.36
mm, thickness 0.19-0.2:

Remarks: This species was originally de-
scribed from chin-sections (Quercau, 1893 ).
without_reference to its external morph-
ology. For this reason, the exact concept of
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this species remains uncertain. Neverthe-
less, the original description appears to char-
acterize a form that can be distinguished
within the “linneiana” group. Specimens
herein referred to this species are recognized
by che flac spiral side, a cardinal band nearly
parallel 0 the axis of coiling and the raised
periumbilical extension of the carinac form-
ing an apparent “third keel”. By the above
(i i o 1 e ot
lectotype of G. linneiana. Other species
which appear to be closely related are G.
coronata Bolli, G. marginata (Reuss) and

v particular, G. wrca (Cushman). Globo-
T e (T K i (e

ggested as the form ancestral © G,
hman), but the stratigraphic e
dence does not appear to us to be as defini-
tive as other writers have suggested (Ber,
gren, 1962; Olsson, 1964). Homeomorphy
has been cited as a possible explanation for
the Turonian to Macstrichtian range of this
species (Berggren, 1962).

Types and occurrences: Figured hypotypes
from Cretaccous strata, Carlsbad, San Dicgo
Co. (UCLA loc. 2412); Forbes Formation,
Rumsey Hills, Yolo Co. (UCLA loc. 5231).

Unfigured hypotypes from Cretaceous
strata, Punta Descanso, Baja California,
Mexico (UCLA loc. 5226).

GLOBOTRUNCANA VENTRICOSA White

1.3, fig. 1
Glabotruncana unmhruhllﬂ var. ventricosa
1928, Jour. Paleontology, v. 2, no.
l. P
Test free, low trochospiral, slightly bi-

convex to_planaconvex, spiral side nearl
flat, umbilical side strongly convex, axial
periphery angu
k

eradually
subpetaloid on
curved, elevated,

size, petalotd on Sl st
umbilical side. Sutures
limbate, l!emle(l on spiral

Wall ‘caleareous, porforate,
‘ace smooth, often v
us wide, deep. Aperture in-
umbilical, commonly  with
tegilla <hm\mg intra- and infralaminal ac-
cessory apertures.

Greatest diameter of hypotype 0.54 mm;
thickness 0.26 mm.

Remarks: Originally described from Mexi-
<o, this species is also reported from Europe.
the Caribbean region, California, Australia
and the mid-Pacific. It is distinguished by
the nearly flat spiral side, the closely sct
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double keel
ilical side.

and the strongly

convex um-

Types and occurrences: Figured hypotype
from Cretaceous strata at Point Loma, San
Dicgo Co. (UCLA loc

Infigured hypotypes from Punta Des-
canso, Baja California, Mexico (UCLA loc
5226); and from Marsh Creck Formation,
Contra Costa Co,, California

Genus RUGOGLOBIGERINA Bronnimann,
1952

RUGOGLOBIERINA PILULA Belford
PL 1, figs. 3,4
Rugoglobigerina, pilule, Bespow, 1960, Bur.
es., Geol., Ge . 57, p.

i, To15, toxtriE, i u.m

s , small,
Shibpical RS nves, xial pe
cquatorial periphery lobate.
bular, inflated, subcircular on_sp;
subrectangular’ on_umbilical side,
ing regularly in

,L:

fre

ery ovate,

Whorl: Sutuses, depressed, gently carved on
spiral s cd and curved to nearly
vadial ‘on I side, Wall caleareous,

c e hn(‘lY

=
w5
f2z
=
22

bilicus wide and shallow.

marginal, umbilical,
pertural flap.

D raast iamstay of hypotypes 0.20-0.31

mm, thickness 0.17-0.19 mni.

Remarks: A comparison of California
specimens of this species with topotypes
from stern Australia indicates that they
are conspecific .

Representatives from the Sacramento Val
ley vary from low spiroconvex (pl. 1, fig 3)
o moderately high spired (pl. 1, fig. 4).
They differ from R. rugosa (Plummer) in
their globular chambers and greater spiro-
convexity. Though similar to R. rotundata
Bronnimann, R. piluls Belford possesses a
smaller umbilicus with a distinct rim along
the aperture.

Types and occurrences:
from the Forbes Formation, Rumsey Hills,
Yolo Co. (UCLA loc. 5230)

Unfigured hypotypes from the Guinda
Formation, Rumsey Hills, Yolo Co.

Unfigured specimens from the Toolonga
Calcilutite, Murchison River area, W. A
tralia (MR 49).

The stratigraphic range of this species
from Santonian to lower Campanian in Ca
fornia and Western Australia.

Aperture interio-
with large bordering

Figured hypotypes

us-

Tulane Studses in Geology

Vol. 4

RUGOGLOBIGERINA ROTUNDATA
Bronnimann
Pl 1, figs. 5,6
Rugoglobigerina, rigosa rotundata BRONN-
. P

1952, Bull, Amer. Paleontology, p.
1, fig:

o, ])l.

Test hmh to nmm-mu-lv tro-
chospiral, Biconves, axial periphery ovate,
cauatorial, periphery lobate. Chamber
bular, inflated, increasing moderate
size, 5 to 7 in s
duced toward the us. Sutur
pressed, gently curved on the spiral
nearly radial on umbilical side. Wall
1'1“1 ial in structure,

ed by spines and rugae, ra-
i e e |)mn\ of each chambe
Umbilicus wide and deep. Aperture interio-
marginal, umbilical. Broken edges of tegilla
present on margins of umbilic
reatest diameter of hypotypes 0
mm, thickne:

sur-

-0.51

Remarks: This species is differentiated
from  Rugoglobigerina rugosa (Plummer)
by its distinct spiroconvexity and by the
more numerous and globular chambers. It
is possible that this distinction is artificial
and tha this species is merely a_morpho-
variant of R. rugosa (Plummer). Howey
both forms are present in Trinidad where
they were separated by Bronniman (1952)
Uniil such time as intermediates are found,
the two species are regarded as separate
though related taxa

iy

Types and occurrences: Figured hypotypes
from Marsh Creck Formation, Contra Costa
Co. (UCLA loc. 5235)

RUGOGLOBIC

INIA RUGOSA ( Plummer )

1, fig

Globigerina rugosa
Univ. Bull, no.
10 a-d.

PLUMMER, 1926, Texas
2644, p. 38, pl. 2, fig
Test free, low trochospiral, biconvex, spi-
de Tt strongly convex than umbilical
axial perip globular, equatorial
periphery lobate, D e Lis o et oal
reasing moderately in size, glob
lar, inflated, lat produced to-
wards umbi ightly curved,
depressed on spiral mlu neary Tadial, de-
pressed on umbilical s all calcareous,
perforate, radial in structure, surface orna-
mentation rugose, radiating from a mid-
chamber, peripheral point. Umbilicus wide
deep. Primary aperture interiomargi-
nal, umbilical, covered by tegilla with intra-
and infralaminal accessory apertures, rare-
ly with apertural bulla,
Greatest diameter of hypotype 0.42 mm,
thickness 0.28 mm.
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Remarks: Specimens referred o this spe-
cies and closely resembling the types from
Texas have been recorded from New Jersey
(Olsson, 1964), Mexico (Olvera, 1959),

Trinidad (Bronnimann, 1952) and Europe
(Berggren,

1962). Morphologic character-
< here considercd
e side, the strongly
inflated chambers, the later chambers pro-
duced toward the umbilicus, the coarse rugo-
sities and the wide, deep umbilicus. Using
these criteria, the previous California oc-
curences (Graham and Clark, 1961; Martin,
1964, Takayanagi, 1965) are referred w
other species. To date, within California
R. rugosa (Plummer) is restricted to oc-
currences below 35° latitude.
Types and occurrences: Figured hypotype
from the Rosario Formation, La Jolla, San
Diego Co. (UCLA loc. 5237)

R o e s (e e
Marl, Navarro Group, Travis Co.,
174-T-4).
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PLATE 1

Hedbergellasp. 2
1 a-c, figured specimen from S
Colusa County. x 49

es Formation, Funks Creek,

Rugoglobigerina rugosa (Plummer)
2 ace, hypotype from Rosario Formation, La Jolla,
San Diego County. x 60

/\//\rug/n//lgulrm pilula Belford
¢, hypotypes from the Forbes Formation,
Yolo Lu\um Both x 96

Rugoglobigerina rotundata Bronnimann
5 a-c, 6 a-c, hypotypes from Marsh Creek Formation, Contra
Costa County, x 49 and x 67, respectively.

Globotruncana eretacea (dOrbigny )
. hypotype from Point Loma, San Dicgo County, x 96
8 a-c, hypotype from Marsh Creek Formation, Concra Costa County, x 73

Globotruncana bavanensis Voorwijk
9 a-c, hypotype from Marsh Creek Formation, Contra Costa County, x 73
10 a-¢, hyportype from Rosario Formation, La Jolla, San Diego County, x 67

Globotruncana petaloidea (Gandolfi)
11 a-c, hypotype from Rosario Formation, La Jolla,
San Diego County, x 96
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PLATE 2

Globotruncand fornicata Plummer
a-c, 2 a-c, hyporypes from Rosario Formation, La Jolla,
San Diego County. both x 67
hypotype from Forbes Formation, Rumsey Hills,
Ynh»(ﬂ\mn x 49

a-c, hypotype from Marsh Creek Formation, Contra Costa County, x 67

Globosruncana nothi Bronnimann & Brown
5 a-c, hypotype from Marsh Creek Formation, Contra

Globotruncana arca (Cushman )
. hypotype from Marsh €
7 a-c, hypotype from Rosario Formation, La Jolla,
San Diego County, x 67

Globotruncana mariei Banner and Blow
3 a-c, hypoty pe from Rosario Formation, La Jolla,
in Diego County, x 73

Globotruncana marginata ( Reuss)
9 a-c, hypotype from Forbes Formation, Rumsey Hills,
Yolo County, x 67

Globotruncana churchi Martin
10 a-¢, hypotype from Cretaccous straca, Carlsbad,

San Diego County, x 73

Formation, Contra Costa County, x

sta County, x 49
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PLATE 3

Globotruncana ventricosa White
1 a-c, hypotype from Cretaceous strata at Point Loma,
San Dicgo County, x 67

Globotruncana elevaa (Brotzen )
2 a-c, hyporype from Rosario Formation, La Jolla,
San Dicgo County, x 49

Globotruncana stuartiformis Dalbiez
3 a-¢, broken hypotype from Point Loma, San Dicgo County, x 67
i a-c, 5 a-c, hyporypes from Marsh Creek Formation, Contra Costa
County, both x 49

Globotruncana rosetta (Carsey )
6a-c, hypotype from Carlsbad, San Diego County, x 49
7 ¢, hypotype from Marsh Creck Formation,

Contra Costa County, x 73

Globotruncana mariei Banner and Blow
8 a-c, hypotype from Forbes Formation, Rumsey Hills,
Yolo County, x 73

Globotruncana conica Whire
9 a-c, hyporype from Rosario Formation, La Jolla,
San Dicgo County, x 4
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PLATE 4
Figures Page
i Praeglobotruncana stephani (Gandolfi) 107
1 a-c, hypotype from Marsh Creek Formation,
Contra Costa County, x 96

7% Globotruncana imbricata Mornod 111
2 a¢, hypotype from Sites Formation, Funks Creck,
Colusa County, x 73

3. Praeglobotruncana renzi (Gandolfi) 106
3 a-c, hypotype from Venado Formation, Putah Creek,
Yolo County, x 67
4,5, Globotruncana coronata (Bolli) 109
hypotype from Funks Formraion, Funks C
County, x 49
¢, hypotype from Rosario Formation, La Jolla,
San Diego County, x 49

6,7,8. Globotruncana linneiana (d'Orbigny ) 112
6 a-c, hypotype from Rosario Formation, La Jolla,

San Dicgo County, x 96
hypotype from Marsh C:

mation, Contra Costa County, x 73
8 a-c, hypotype from Rosario Formation, La Jolla,
San Diego County, x 49
9,10.  Globotruncana tricarinata (Quereau )
9 a-¢, hypotype from Forbes Formation, Rumsey Hills,
Yolo County, x 73
10 a-¢, hypotype from Cretaceous strata, Carlsbad,
San Diego County, x 73
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PLATE 5

Pracglobotruncana helvetica (Bolli)
1 a-c, hypotype from Venado Formation, Putah Creek,
Yolo County, x 96

Globotruncana churchi Martin
2 a-¢, hypotype from Sites Formation, Funks Creek,
Colusa County, x 67

Hedbergella pracheluetica (Truijillo)
fypotype from Venado Formation, Putah Creck,
Yolo County, x 7

Globotruncana linneiana (d Orbigny )
i a-c, hyporype from Venado Formation, Putah Creek,
Yol 7

‘'ormation, Funks Creck

‘ormation, Funks Creek,

Globotruncana cachensis, n. sp. Douglas
5 a-¢, holotype from Yolo Formation,
Colusa County, x 73

ale Creek,

Globotruncana coronata Bolli
7 a-c, hypotype from Funks Formation,
Colusa County, x 49
Sac ]u\'cmk hypotype from Sites Formation, Cache Creek,
Yolo

nks Creek,
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