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379. ESTUARINE FORAMINIFERA 
FROM THE RAPPAHANNOCK RIVER, VIRGINIAl 

ROBERT L. ELLISON 
University of Virginia, Charlottesville, Virginia 

and 
MAYNARD M. NICHOLS 

Virginia Institute of Marine Science, Gloucester Point, Virginia 

ABSTRACT 
POilU lations of benthonic fo raminifera were s tudied from 

!'l3 samples obtained in 5 collections from the estuary, its 
:..-;butaries a nd bordering marshes , Of the 20 species iden
~, 2 constitute more than 80 percent of the fauna. 

Two biofacies are recognized in the estuary: 
a . A basin biofacies of E hlhidium clavatulIl Cushman 

in the lower part of the estuary. and 
b, A shoal biofacies of AIIlHlobaculiles cra.ssus War

ren in Uppel' reaches , shoals, and tributaries . 
The biofacies are broadly related to dil'ferent estuar ine 

...:;u"e'rs w h ich flu ctuate with river inflow and estua rine 

.:n...;.xi ng, They a re separable a long a relatively sharp boun
b.n' ",hel'e salinity is 15 Pvt. 

Two prinCipal biofacies a re recognized in the marshes: 
a. An oute r biofacies of l\llliammina fusca Brady in 

re lativelY sally wate l', and 
b. An inne r biofacies of Ammoastuta salsa Cushman 

in f l'eshened reaches , 
U:lese biofacies Intergrade with distance across the grad!:
m::. zone of the uppe r estuary. 

Tota l populations increase ups tream to a peak in the 
~r part of the estuary where tidal and seasonal var ia
=-:s of sa linity are g reat. In general. the distribution of 
2IIU.I populations (largely dead) throughout the estuary 
.rresponds to that of the living population , except locall y 
"'IiI"2t'e tests are effeetively redistributed , 

Dis tributional features and distinctive species of fOI'am
~era provide a basis for recognizing a ncient estuarine 
~its. 

INTRODUCTION 
The Rappahannock River estuary of Chesapeake 
y is well suited for an ecological study of foram

. era. Environmental conditions range widely and 
are better known than in most other estuaries. As 

environment with two-way flow and unstable 
silinity, the estuary supports a benthic microfauna 
- t must either adapt to or shift with environ
ceIlral changes. 

The purpose of this paper is to report the dis
ution and abundance of benthic foraminifera in 
estuary and to assess their relationship with 
wn environmental factors. An attempt is made 

formulate characteristics of an estuarine fauna 
fuI in interpreting fossil distributions. 
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PREVIOUS WORK 
Although foraminiferal faunas are rather well 

known from many shallow-water environments, 
only a few data have been published on faunas in 
river estuaries and estuarine marshes; for example, 
Parker (1952), Todd and Bronnimann (1957), 
Boltovskoy (1 957), Behm and Grekulinski (1958), 
van Voorthuysen (1960), Fowler et af. (1966), 
and Bartlett ( 1966) . Occurrences of specimens 
from the Rappahannock in 1962, analyzed as part 
of this study, are listed in Ellison et af . (1965) . 
Certain aspects of the distributions are reported in 
Nichols and Ellison (1967). 

METHODS 
Field Sampling 

Samples were collected throughout the estuary 
during each of five periods : (1) June and July, 
1962; (2) June and July, 1963 ; (3) January, 1964; 
(4) March and May, 1965; and (5) June through 
December, 1965. Salinity and other environmental 
variables differed from period to period. For ex
ample, during the first collection, salinity was 
relatively low and the water partly mixed, whereas 
in the following summer of 1963 salinity was high 
and the water relatively well mixed. Hydrographic 
data obtained during each collection period are 
given in Ellison et af. (1965) and Ellison (in press). 
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TEXT FIGURE 1 
Location of Rappahannock estuary, inset, upper right (black) , reaches, creeks, general bathymetry, and 
location of stations. Numbers for all stations are given in Ellison el al. (1965) and Ellison ( in press) . 

Stations were established on transects through a 
range of salinity and varying water depths in the 
estuary and up tributary creeks as shown in text 
fig. I . In marsh areas, stations were located across 
different zones of intertidal vegetation . Additional 
stations were made during each collecting period 
in local areas of abundant eelgrass and in areas 
requiring closer study. 

Most samples consist of two 20 m!. portions of 
the top 0.39 inch ( I cm.) of wet sediment. They 
were collected with either a light-weight gravity 
corer (Nichols and Ellison, 1966) or a hand corer 
equipped with 2-inch (5 cm.) diameter plastic tub
ing that cuts a 3.1 sq. in . (20 sq. cm.) area of sedi
ment. To obtain sufficient material in the marshes 
and to integrate variations typical of marsh micro
habitats, three cored portions were collected at 
each station. Samples were preserved with neutral
ized formalin and stored wet. 

Laboratory Procedures 
Samples were washed over a sieve having 62-

micron apertures and stained with rose Bengal to 
identify living specimens. A solution of no less 

than 1.0 gm. rose Bengal plus 5 m!. of phenol per 
100 m!. of distilled water gave the most effective 
stain . Most samples were examined wet under a 
binocular microscope. The percentage frequency 
of each species was determined and the total num
ber of foraminifera, living and dead, per 20 m!. 
was calculated. Procedural detai ls are given in 
Ellison el al. (1965 ) and Ellison (in press). 

THE ESTUARY 
Like other estuaries in the Chesapeake Bay re

gion, the Rappahannock follows the course of a 
former river valley cut into coastal plain sediments. 
Submergence of the valley during the postglacial 
rise of sea level formed the estuary and gave it a 
distinctive configuration. The 50-mile (80 km.) 
long estuary is narrow and funnel-shaped , varying 
from 4 miles wide at its mouth to 1 mile near its 
saline head (text fig. 1). Bluffs of Miocene sedi
ments form a margin occasionally broken and in
dented by tributary creeks. Except for the large 
Corrotoman River entering the lower estuary, the 
creeks reach inland less than 3 miles. The estuary 
floor is molded into a narrow' channel flanked by 
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ide submerged shoals. The channel meanders 
~nlly through the upper part of the estuary with 

ep:hs from 16 to 33 feet, but in the middle estuary 
. dee pens seaward into a narrow basin 60 to 80 feet 
eep. A submerged si ll at the mouth partl y im

pedes upstream movement of near-bottom waler, 
hereas near-surface water drains freel y into 

Chesapeake Bay. 

Sedimentation 
The river pl ays a prominent role in transporting 

sed iments to the estuary. River-bbrne sediments ac
,"UITl ulate at varying rates on different parts of the 
estuary floor. Silty clay is the most widespread type 

substratum, but in the lower estuary sand is the 
~ncipa l sediment of the shoals. Also, scour leaves 
>orne sand as lag deposits on bars and in deep holes 

the channel floor. An account of the chemical 
;rnd mineralogical properties of bottom sediments 
_ pical of substrate conditions for microfauna was 
~\'en by Nelson (1960, 1961 , 1962). 

Vegetation 
Low-lying banks along the creeks and around 
ander bends of the upper estuary are colonized 

: intertidal salt-marsh vegetation for a width of 
about 0.25-0.75 mile (0.32-1.20 km.) . Two groups 

- marshes are recognized along the estuary, and 
·thin each group are two zones. The outer marsh, 
thed by relatively salty water of the middle and 

lower estuary, is divided into a lower Sparlilla a/ter
";fIora zone which is frequently submerged and a 

'gIler Sparlilla palells zone. The inner marsh in 
fr<shened reaches of the upper estuary and the river 

haracterized by a narrow lower Scirpus ameri
a and Sagiltaria subulala zone and a higher 

.-ldespread S parlina cYllosuroides-Ty plw allgusli/olia 
rone. Submerged shoals less than 8 feet deep, in 
me middle and lower estuary, are irregularly cov
ered in summer with luxuriant growths of aquatic 
.,.,Igrass (Zostera marilla) which support a variety 

organisms. 
Water Characteristics 

From a large number of hydrographic observa
tions by the Chesapeake Bay Institute extending 
",er more than 20 years (Stroup and Lynn, 1963 ; 
Hires et al. , 1963 ; Stroup and Wood, 1966) , lhe 
t:. S. Coast and Geodetic Survey (Haight el al., 
1 30; Nichols and Poor, 1967) , and unpublished 

la of numerous oyster and trawl surveys of the 
-lfginia Institute of Marine Science, the range of 

.:retain environmental parameters is known and 
the general hydrographic climate bearing on fora
ciniferal distributions can be described. During 
the present stud y the estuary was lar gely unpol-

ted and free of human influence except for oyster 
harvesting. For purposes of discussion, the estuary 
- divided into four parts : the river, and the upper, 
middle and lower estuary ( text fig. 1) . 

Tide.- The tide generates the chief movement of 
water in the estuary and, in turn , produces short
term fluctuations in salinity and turbidity. The 
mean tid al range varies from 1.1 feet near the 
mouth to 2.6 feet at the head near Tappahannock. 
This head ward increase results in an increase in 
maximum current velocity from 1.7 ft./sec. near 
the mouth to 3.4 f t./sec. at the head. In the upper 
estuary, tidal movement favors relatively free ex
change between tributary creeks and the main 
estuary. 

Temperature.-Water temperature is remarkably 
uniform throughout the Rappahannock at anyone 
time. However, water temperature varies season
a ll y with air temperature from a monthly mean of 
4 ' C in winter to 28 ' C in summer, with occasional 
extremes for short periods. 

Turbidity.-Total concentrations of suspended 
sediment decrease downstream progressively from 
about 150 mg./ 1 in the river to 2 mg./ 1 at the 
estuary mouth. In the middle and upper estuary, 
concentrations also increase toward the bottom and 
vertical gradients are relatively high. Occasional 
wave agitation of bottom sediment on the shoals 
also contributes to the turbidity. The influence of 
turbidity on benthic microfauna is relatively 
unknown. 

Oxygen.-During most of the year , water and 
near-surface sediments are well aerated by tidal 
mixing and atmospheric exchange. However, dur
ing late summer when the preva iling temperature 
is high, oxygen in deeper parts of the basin and in 
restricted tributary creeks is frequently depleted, 
owing to rapid decomposition of organic matter 
combined with insufficient mixing. This condition 
often kills fish and benthic fauna ( McHugh, 1967) . 

NUlrienls.-Total phosphate, including particu
late plus soluble unreactive forms, generally in
creases head ward most of the year. Concentrations 
range from about 0.6 I1g atl 1 at the mouth to 2.2 
I1g at/! near the head and in spring occasionally 
reach 4.5 I1g atl 1. 

Chlorophyll "a."-ln summer and fall , concen
trations generally increase head ward from about 
4.0 !'g atl I in the estuary proper to more than 
30.0 I1g atl l at the head, but in winter and spring 
concentrations are relatively low ( < 18 I1g at/!l 
throughout the estuary and slightly decrease with 
distance headward ( Brehmer, personal communi
cation). 

Hydrogen ion cOllcelllralion.-The pH typically 
diminishes with distance up the estuary, ranging 
from about 8.2 near the mouth to 7.1 near the 
head. Often in spring and summer slightly acid 
conditions (with pH 6.6) occur locally in near
bottom water of the upper estuary. 

Salillily.-The salinity of estuary water increases 
seaward from nearly 0%. at the head to an annual 
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TEXT FIGURE 2 
Salinity distr ibut ion along the estuary length showing the zone of relatively high salinity gradient. 

A . - yearly average; B. - yearly range; C . - winter average ; D . - fa ll average. 

average of 16.5%, at the mouth (text fig. 2A). This 
is part of a longer gradient extending 45 miles (72 
km.) to the mouth of Chesapeake Bay, where the 
salinity is about 31%, . The seaward increase is 
greatest in the midd le and upper estuary ; in this 

gradient zone strat;fication is most pronounced and 
sal inity fluctuates up to 5%, daily and 13%, annually 
(text fig . 2B). With seasonal fluctuations of river 
inflow, the vertica l structure of estuarine water al
ternates from partly mixed to relatively well mixed . 
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TABLE 1 
Summary of the occurrences of tests of foraminiferal species In tbe Rappabannock estuary, 

tributary creeks, and marsbes 

Esluary a nd Creeks, E s luary and Creeks, 
1962 Ma rshes, 19 62 1963 

Soecies • F ,'equency t Abundance Frequency Abundance F,'e<luency Abundance 

A mmoastu/a salsa 32 2.23 71 19.66 19 0.40 
A mmobaculi/es crassus 97 68.68 73 9.33 100 68.50 
A mmobaculites cf. A. dilatatus 17 0.08 17 0.21 32 0.49 
A mmobaculites cf. A. exigllus 7 0.03 17 0.22 32 0.24 
Ammonia beccar;; vaT, A 15 0.11 0 0 30 3.41 
Ammollia beccarii /epida 70 3.79 97 0.07 79 7.46 
Arenoparrella mexicana 19 0.22 71 8.23 4 0.03 
As/rammilla rara 3 0.02 49 1.75 I 0.01 
Elphidium clavatllln var. A 42 14.19 24 0.01 81 7.01 
Elphidillm clavatllm var. B 35 4.69 0 0 40 3.81 
Elphidium clavalllm var. D 0 0 0 0 47 4.31 
Elphidium galvestonense 0 0 0 0 1 0.04 
Haplophragmoides hancocki 15 0.21 80 3.53 5 0.04 
Haplophragmoides mallilaensis 10 0.08 73 2.04 I 0.01 
Haplophragmoides wilberti 17 0.14 59 1.39 6 0.02 
MU;amm;na earlalldi 16 0.18 75 7.39 8 0.05 
Miliamm;lla jusca 83 4.39 88 23 .79 68 2.89 
Protelphidium tisburyetlse 13 0.20 0 0 7 0.10 
Reophax lIana 49 0.93 17 0.25 53 0.99 
Tiphotrocha comprimata 15 0.21 56 11.22 9 0.13 
Trochammil1a inlla/a 25 0.36 75 3.64 21 0.29 
Trochammina macrescells 15 0.13 66 1.72 8 0.09 
Trochammina squamata 10 0.32 0 0 4 0.07 

.Percentage of samples in which each species was found. 
tAverage percentage of each soecies. 

Wben river inflow is bigb, usually in late winter, 
fresbening reduces surface salinity at tbe moutb to 
14%. and limits salty water to tbe lower 38 miles 
(61 km.) of tbe estuary (text fig. 2C) . Like otber 
Cbesapeake estuaries, it is to be expected tbat mean 
salinity is sligbtly higber on the north tban on tbe 
south side of tbe estuary owing to tbe influence of 
the Coriolis force (Pritcbard, 1952). 

Circulation.-An internal net circulation gener
ated by vertical mixing of waters of different salin
ities is superimposed on tbe back and fortb move
ment of tbe tide over many tidal cycles. Near
surface water flows seaward, whereas near-bottom 
water flows bead ward. Net velocities are small, 
less tban 0.03 flo / sec. (0 .9 cm./sec.) (Nicbols and 
Poor, 1967), but in time they may disperse fora
minifer tests eitber upstream in tbe cbannel or 
downstream over tbe sboals. 

Water types.-From the circulation pattern and 
the distribution of salinity, two types of water are 
recognized in the Rappabannock estuary: ( I) a low 
salinity, near-surface layer with a net flow down 
the estuary, and (2) a saline, lower layer in tbe 
basin and channel with a net flow up tbe estuary. 
Other cbaracteristics are associated with tbese water 
types. For example, tbe lower layer is less turbu
lent than tbe upper layer, oxygen is occasionally 
depleted, and the temperature range is less than in 
the near-surface layer. Tbese water types, though 
dynamic, generally reflect changing qualities of the 

water, depending on the rate of river inflow and 
degree of mixing between fresh and salt water. 

DISTRffiUTION OF FORAMINIFERA 
General Features of the Populations 

Tbe fauna comprises 19 species; two species, EI
phidium clavatum Cusbman variants and A mmo
baculites crassus Warren , make up more tban 80% 
of tbe estuary population. Samples from tbe upper 
estuary contain vast numbers of one species, A m
m obaculites crassus. Of lesser abundance through
out tbe estuary are Miliammina fusca Brady and 
Ammonia beccarii tepida (Cushman) , which to
gether make up less than 10% of tbe population. 
Of tbe remaining 15 species, most average less than 
1 % . Faunal diversity, expressed in species per 
sample or in species per 300 individuals, is rela
tively bigh in the middle estuary basin and near 
mouths of tributary creeks and low in tbe upper 
estuary. Five species per sample is average for tbe 
estuary, nine for tbe marshes. Species abundance 
and frequency for the 1962 and 1963 collections 
are summarized in Table I . Species of foraminifera 
are listed in the faunal reference list and illustrated 
in Plates 1 and 2, and text fig. 9. Species of tbe
camoebinids were not identified. 

Total populations (i.e., living plus dead) in tbe 
estuary vary from about 3 specimens to more tban 
10,164 per 20 ml. sample. In general, the average 
number of specimens per <ample increases upstream 



6 ELL ISON A N D N ICHOLS-ESTUARI N E F OR Al\JI NI FE RA F ROM VIRGIN IA 

RIVER RAPPAHANNOCK 
ESTUARY 

BIOFACIES 

JO NES 
PO INT 

02 4 6 8 10 

KM 

NCASTER 
CRE EK 

o I 2 :3 4 5 
. Mi l E S . 

~ BASIN FACIES 
LAGRANG E 

CREE K 
1",,:::,,1 SHOAL FACIES 

mill OUTER MARSH FACIES BAY 
~ INNER MARSH FACIES 

~ THECAMOEBINA 
TEXT FIGURE 3 

Distribution of biofacies in the estuary ( basin and shoa l facies) and marshes at average salinity condi
tions, June, 1962. 

from less than 100 near the mouth to more than 
2,000 per 20 m!. in the upper estuary (text fig. 4C). 
On the other hand, living populations are relatively 
small, averaging fe wer than 42 specimens per 20 
m!. Substantial standing crops occur along the 
basin shoulder at depths of 15 to 25 feet, and large 
living populations, reaching an estimated 500 speci
mens per 20 mi. sample, occur in the upper estuary, 
an area where total populations are also large. 

Biofacies and Faunal Composition 
The distribution of the most abundant species of 

foraminifera permits recognition of four well
defined assemblages or biofacies: (1) basin, (2 ) 
shoal, (3) outer marsh, and (4 ) inner marsh. The
camoebinids are present in the river and adjacent 
freshwater marshes. The disposition of biofac ies 
is shown in text fi g. 3. 

The basin biofacies in deeper parts of the lower 
and middle estuary consists mai nly of Elphidium 
clavalum variants. This facies extends headward 
from Chesapeake Bay to about 20 miles (32 km.) 
above the estuary mouth. Farther upstream, and 
laterally on both sides of the basin, in depths less 
than about 22 feet (6.7 m.), the basin facies passes 
into the shoal facies. 

The shoal biofacies occurs on shoaJs throughout 
the estuary as well as in tributary creeks and in the 
channel of the upper estuary. It consists almost 
entirely of arenaceous species, chiefly A. crassus, 
and a few specimens of M . fusca, A mm oaSlula 
salsa, and Trochammil/G iI/fiala, which are also 
common in the marshes. This facies extends land
ward to bordering marshes and upstream to the 
river, about 45 miles (72 km.) above the mouth. 
At the fresh-salt transition, where salinity is 0.5%. 
foraminifera are replaced by thecamoebinids. The 
change in faunal composition at selected stat ions 
across the estuary and along its length is shown in 
composite frequency diagrams ( text figs. 4B, 5). 

Salt marshes are characterized by several fora
miniferal species that define "outer" and "inner" 
marshes along the estuary and, to some extent, 
"low" and "high" subfacies relative to the elevation 
of the marsh. The facies distribution generally cor
responds with zones of marsh vegetation. The dis
tr ibution of principal foraminiferal species along 
the estuary is shown in text fig . 6, and the rel ative 
abundance of marsh species in each biofacies is 
summarized in text fi g. 7. As shown in text fig. 7, 
many species are widely distributed throughout the 
estuary. Therefore, the facies are established on 
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TEXT FIGURE 4 
A. Distribution of bottom salinity with distance seaward , June-July, 1962. 
B. Variation in species composition and total number of foram tests at channel and basin stations along 
the estuary length, June-July, 1962. 
C. Corresponding longitudinal profile and water depth. 

relative number of various species rather than on 
the unique association of a particular species with 
a particular habitat. 

The fa una of the outer marsh biofacies along the 
lower and middle estuary consists of abundant Mili
ammilla fusca, plus a few A mmollia beccarii lepida 
and Trochammil/a il/flata. Higher parts of these 
marshes have fewer M. fllsca and more Haplo
phragm oides spp. and T. il/flata than lower parts. 
The fauna of the inner marsh biofacies along the 
upper estuary and innermost reaches of tributary 
creeks (text fi g. 3) consists of abundant Ammo
aslula salsa a nd some Astrammina rara , Also pres
ent are low percentages of M. fusca , A rel10parrella 
mexicana and Trochammilla illfiala, One species, 
Tip/lOtroclw comprimata, is widely distributed 
throughout all marshes and reaches greatest abund-

ance in marshes along the middle estuary. In fresh
water marshes, as in the estuary, thecamoebinids 
replace foraminifera. 

Biofacies Boundaries 
The transition between biofacies depends on estu

arine mixing and bottom topography. Near the 
head of the basin, where the depth changes gradual
ly along the estuary axis, the shoal and basin facies 
intergrade along a 10-mile (16 km.) reach of the 
estuary. Laterally, with a rapid change in depth, 
the facies boundary is abrupt. Although a few shoal 
species are scattered throughout the deeper areas, 
basin species are rarely found on the shoals, except 
in the middle estuary where waters are relatively 
well mixed. Species found in inner and outer 
marshes also are in part indigenous to the shoals, 
so that the faunal boundary between these two bio-
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TEXT FIGURE 5 
Lateral variation in species composition and total number of tests across the estuary, stations 40-42-49, 
June-Ju ly, 1962 (upper) in relation to the bottom profile ( lower) . 

facies is gradational. Simi larly, outer and inner 
marsh facies are gradationa l, except in middle
estuary tributary creeks where the marsh fauna l 
change is sharper than in marshes of the main estu
ary. High and low marsh subfacies are indistinctly 
differenti ated , though more detailed study, may, in 
future, show a marked distinction in association 
with plant zonation . 

Population Variation 
To evaluate sources of spatial variations in the 

populations, we collected three cores from each of 
several stations in the midd le estuary, and these 
samples were counted twice. Results of the counts, 
reported in Ell ison ( in press), show that, although 
the percentages of tests of the common species vary 
only slightly, the percentages of the rarer species as 
well as the total numbers of tests per sample vary 
widely between duplicate counts and between the 
three samples taken at each of the stations. There
fore, the foraminiferal data , especiall y total numbers 
of tests, inel ude some natural variations due to the 
non-uniform distribution of foraminifera, as well as 
a certain amount of experimental error. In this 
study we have attempted to reduce the natural vari
ability by analyzing two combined samples for each 
station . Moreover, analytica l errors were red uced 
by di scounting broken specimens, improving the 

rose Bengal stain, and by counting up to 1000 speci
mens in some samples. An account of the analysis 
of local variation is reported by Ellison (1966) . 

Seasonal Variations 
To study changes in the distributions from time 

to time, we analyzed populations of foraminifera 
from the estuary at four different times of the year. 
(Collection dates are given in the section on meth
ods .) The distribution of total populations in each 
period exhibited the two principal biofacies, shoal 
and basin, found in the summer of 1962, but the 
patterns differed and the facies boundaries were 
located in different places (text fi g. 8) . 

When salinity was relatively low and estuarine 
water moderately stratified in spring (1965) , a time 
of high river inflow, the shoal-basin facies bound
ary, drawn where the percentage of AlIlmobaclIliles 
equals E iphidilllll , was in the lower estuary (text 
fig. 8A) . Specimens of A. crasslIs were found in rel
atively high percentages on the shoals of the middle 
estuary, particularly along the southwestern side. 
For example, in text fig . 8A the seaward edge of the 
90 percent A 1Il11l0baclIlites pattern trends diagonal
ly across the middle estuary. Living populations, 
although small and variable, generally fall withi n 
the boundaries delineated by total populations. 

When salinity was relatively high and water well-
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TEXT FIGURE 6 
Variation in species composition of foram inifera from marsh stations (both "low" and "high" ) along the 
estuary length , J une-J uly, 1962. 

mixed in the summer of 1963 , a time of low river 
inflow, the shoal-basin facies boundary reached the 
middle estuary. Elphidiu/1l was found in hi gher 
percentages on the basin ward parts of the shoals 
and farther upstream than in the summer of 1962 . 
Corresponding peaks for the average living and 

to:al populat ion shifted upstream 4 to 6 miles 
( 6.4-9.6 km .). 

The species composition of total popu lations 
sampled in summer 1962, a time of average salinity, 
was compared with sam ples fro m corresponding 
stations in summer 1963, a time of relatively high 
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sa linity. This was done by summing the smallest 
percentages (1962 vs. 1963) for all of the species at 
each station. If the two years were very simi lar, 
the cumulative percentage for any single station 
would approach 100. On the other hand, values of 

less than 50 indicate major cbanges in the species 
composition at tbat station from one year to the 
next. Results presented in Table 2 ind icate that dif
ferences in species composition were most pro
nounced in the basin of tbe lower estuary. Tbese 



XTR IBUTIONSFRO:\l THE C LT RHi\I A!'\ FOL"~ DAT I ON F O R FORAi\JI N IFERAL RESEAR CH 11 

RA PPA HAN N OC K 
ESTUARY 

RIVER 

Ammo/Jocu/i tes crossus 
IN PE R CENT 

SHOAL FAC IES BASI N FAC IES 

f."";"::'l 
t::::-.::.W 

[]] 

~ 

>90 ~ 
50 - 90 

< 50 (largely 

Miliomminol 

< 50 
( la rg ely 
Elp hi dluml 

0 1 2 34 5 - -- • MM •• 1 

MI LES K M . 

• SAMPLE STAT ION S 

~15_ BOT TOM ISOHALIN E 

BAY 

) 

TEXT FIGURE 8 
Seasonal variations in the distribution of total Al11l11o baclIlites crasslIs in rel ation to bottom isobaline ( ~, ); 
A. - spring, Marcb-May, 1965; B. - winter, January, 1964. 

may reHect real faunal changes, but most values 
were no greater tban would be expected from vari
ation inherent in bentbic populations . 

Using the same metbod of ana lysis, we found 
that adjacent stations were more alike in 1963 tban 
in 1962 (Table 3). Tbis greater uniformity of tbe 
distributions in 1963 accompanied bigber salinity 
and less stratification than in 1962. 

During a period of intense drought, from June 
tbrougb December 1965, monthly sets of samples 
were collected across the river-shoal facies bound
ary . Tbe general increase in living foraminiferal 
numbers and decrease in thecamoebinids are re
Hected in the upstream migration of tbe facies 
boundary as a function of increasing salinity 
witb time. 

DISC USSION 
Relationsbip between Distribution 

and Environment 
Tbe two biofacies in the estuary are related to 

different water types. An Eiphidilllll fa una inbab-

its the salty, lower layer in deeper parts of the 
lower and middle estuary, an Al11l1lobaclIlites fauna 
largely occupies marginal sboals bathed by tbe rel
atively unstable and fresbened upper layer, and a 
tbecamoebinid fauna lives in tbe river. Tbe facies 
patterns, therefore, generally para llel tbe depth and 
the boundary between water types. Furthermore, 
the elongate facies pattern and the water-type 
boundary are slightly skewed seaward on the south 
side of the estuary in a way that suggests tbe inHu
ence of the Coriolis force. Both tbe facies and the 
water types are separated by distinct boundaries. 

Tbe lateral transition between facies is very sharp . 
Tbere are no pbysical barriers in the estuary, and 
tid al currents freely sweep the estuary Hoor and 
continuall y mix sediments and water. Tbe abrupt
ness of the faunal change may reHect stratification, 
but the causal relations are not understood . Trans
port of tests, particularl y juveniles, in opposing up
stream and downstream Hows may redistribute for
aminifera into areas bathed by the two estuarine 
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TABLE 2 
Sums of least percentages for samples collected at stations in both 1962 and 
1963. Percentages are those based on total tests. For station locations, see 

Ellison, et al., 1965. 

LOWER ESTUARY MID D LE E S T UARY t.:PPE R ESTUARY 
Sums or least Su ms of least Su ms of least 

Station percentages Station percentages Station percentages 

4 65.7 40 87.3 61 87.8 
5 53.5 ' 42 77.4 63 92.4 

16 29.2t 43 77.8 71 94.4 
17 70.7 46 84.3 73 95.7 
18 89 .8 49 73.7 81 93.7 
20 90.5 51 80.4 82 96.9 
23 53 .2' 55 93.0 101 98.0 
24 49.6' 56 68.5 230 91.1 
25 49.5' 57 40.7t 233 98.6 
28 41.5t 
33 96.5 
36 71.4 
37 67.5 

-Questionable corres )()ndence between members of yeady pah·s. 
tSignificanth' low degl'ee of correspondence between members of yearly pairs. 

layers, which have narrow transitions. Passive 
transport of barnacles and oyster larvae to sites 
suitable for growth has been demonstrated by 
Bousfield (1955) and Carriker (1951). 

The position of the shoal-basin facies boundary 
approximately coincides with that of the 151<, bot
tom isohaline (text fig. 8) at most levels of salinity 
studied. A similar relation was observed in the 
James estuary (Nichols and Norton, in press). The 
relationship to salinity is further strengthened by 
observations in tributary creeks, where the salinity 
gradient is sharp and the bottom shallow and 
smooth. As in the estuary proper, the fauna changes 
abruptly at about 151<, salinity. The upstream 
"migration" of living foraminifera (chiefly Ammo
bacalites crassus) into reaches of the river with 
penetration of the salt water lends further support 
to the importance of salinity in controlling the 
distributions. 

Salinity per se is not necessarily a causal factor 
affecting the distribution of all species, but it may 
serve as an index of dilution or mixing by river 
inflow that influences other conservative factors 
besides salinity. A number of species have a lim
ited range along the estuary length. For example, 
Ammo1lia beccarii tepida ranges headward to the 
upper estuary where salinity averages 61<" but it is 
most abundant where salinity is about 141<, . In 
laboratory cultures this foraminiferan ceases grow
ing in sa linities less than 7%, and reproduces only 
in salinities above 131<, (Bradshaw, 1957). Low 
salinity may effectively confine Elphidium to the 
middle and lower part of the estuary. Ammobacul
ites crassus, on the other hand, extends from the 
mouth to the head, through a salinity range from 
0.5 to more than 16%, . 

Although marsh foraminifera are grouped into 
biofacies more or less paralleling zones of vegeta-

TABLE 3 
Sums of least percentages for pairs of adjacent sta
tions for 1962 and 1963 . (Percentages based on 

total tests). 

Station pairs Sums for 19 62 Su ms fO l' 196 3 

4-5 36.1 t 85.6 
0: 16-17 l7.3 t 78.3 

'" 17-18 79.2 58.8 
i!: 23-24 35.8 t 66.9 a 
..:l 24-25 27.0t 72.5 

36-37 39.3 t 86.0 

'" 40-49 76.9 88.9 
..:l 42-49 81.4 93.2 A e 55-56 97.2 72.7 
;; 56-57 94.6 42.5 t 

0: 81 -82 93.7 97.4 

'" 230-233 79.4 83.9 
'" '" D 

tSlgn lficanlly low degree of correspondence belwpen mem
benJ of pair s. 

tion, there is no sharp floral or faunal change with 
increasing elevation landward across the marsh or 
with distance along the estuary length . Instead the 
marsh distributions form a broad continuum along 
which different species appear or disappear. For 
example, A mmoastuta salsa is largely confined to 
the upper estuary, where salinities range from 0.5 
to 121<, . Distribution of marsh foraminifera along 
tributary creeks is similar to that along the estuary 
proper at corresponding levels of salinity. The dis
tribution of marsh species, therefore, appears to be 
partly controlled by salinity. 

Both living and total populations increase to a 
peak in the upper estuary, suggesting that ( I ) empty 
tests are not redistributed on a large scale through
out the estuary after death, and (2) the large popu
lations may be due to high production. Large stand-
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ing crops of benthic foraminifera observed near the 
Mississippi River and Guadalupe River entrances 
have been related to high organic production 
(Lankford, 1959). In the Rappahannock, large 
populations are attributed to river-borne nutrients 
or food materials conducive to production. Monthly 
distributions of chlorophyll "a" and nutrients such 

nitrogen and phosphate in near-surface water 
show these constituents increasing upstream most 
of the year, with highest concentrations in the 
marsh-fringed reaches of the river (Brehmer, per
sonal communication). Although maximum popu
lations do not coincide with the highest nutrient 
concentrations, it is possible that nutrients or food 
materials, or both, are significant in increasing 
foraminiferal production up to a point. Farther 
upstream, low salinity may limit foraminiferal 
y owth or reproduction. Before these factors can 
be correlated , much remains to be learned about 
f~ding habits of foraminifera and about primary 
productivity in benthic substrata. 

PALEOECOLOGICAL IMPLICATIONS 
Studies of foraminiferal dis:ribution in estuaries 

such as the Rappahannock enable one to recognize 
and better interpret ancient estuarine deposits. 

Jost of the species now living in the estuary range 
back to the middle Tertiary of the Atlantic and 
Gulf coasts (Bandy, 1956). These species should 
be valuable paleoecological guides, if one can as
sume that their environmental preferences have not 
changed, and that the distribution of fossil tests 
faithfully parallels that of the once-living foramin
ifer. Paleoecological interpretation is facilitated by 

mbining other faunal and sedimentary character
- ics with features of the foraminiferal distribution. 

Like foraminiferal faunas in bays, lagoons, and 
around deltas, estuarine faunas have few species, 

'ith one or two dominants. There are more species 
near the ocean than near the river of an estuary. 
Although populations vary widely in size, they are 

mmonly largest in the gradient zone of inner 
reaches where the salinity range is great. The faunal 
composition changes seaward from one that is all 
thecamoebinids in fresh water, to arenaceous fo
raminifera in the 0.5 to 15%, salinity range, and to 
hiefty calcareous foraminifera at a salinity greater 

than 15%, . 
Estuarine faunas that live in an environment of 

unstable salinity and opposing currents develop 
certain features that differ from those of other near
shore environments. An estuarine fauna is distin
guished by a distinct distributiona l pattern. In plan 
view this pattern is elongate, generally paralleling 
the depth, but slightly asymmetrical. 

The change of facies is marked, especially across 
the estuary. A calcareous Elphidilll1l fauna extends 
head ward in a narrow zone of the medial basin or 

channel. With greater stratification of estuarine 
water, facies boundaries become more asymmetri
cal and sharp . 

Estuarine faunas are subject to modifications aris
ing from addition or removal of certain species. A 
few specimens of marsh species may be found in 
the estuarine deposits, particul arly along marsh
fringed reaches and at mouths of tributary creeks. 
Locally, fossil specimens, derived from exposures 
a long the estuary shore or on the channellloor, are 
mixed into the estuarine fauna. On the other hand , 
the number of calcareous foraminifera may be great
ly reduced or completely eliminated by post-depo
sitional solution of tests. The reSUlting fossil fauna 
may be barren except for arenaceous specimens. 

In a stratigraphic section, estuarine faunas may 
be expected to show marked vertical changes in 
abundance and composition. With long-term sedi
mentary aggradation, salt water intrusion will be 
limited , stratification reduced, and the more marine 
Elphidilll1l fauna will be less widespread in younger 
than in older sediments. The facies boundary along 
the longitudinal axis would shift seaward as one 
proceeds stratigraphically up the section, and the 
sequence would have the general appearance of 
a marine regression. 
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Haplophragmoides IWllcocki C ushman and McC ulloch. Marsh sta tion No. 201. 
Haplophragmoides mallilaellsis Andersen. Marsh station No. 201. Specimen sho ing aper-
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Haplophragmoides wilberti Andersen. M arsh station No. 201. Specimen showing aper-
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Troclwmmilla macrescells (Brady). 10. Marsh sta tion No. 202: dorsal view of right-handed 
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Tiphotrocha com primata (Cushman and Br iinnimann ). Marsh sta tion No. 201. 14. Ven
tra l view of left-handed specimen with sligh tly concave surface a nd showing lappets extend-
ing into the umbilicus, and the undercut nature of the sutures. 15. Dorsal view of left-
handed specimen showing subtle character of chambers and their crescentic outline . ............ . 
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FAUNAL REFERENCE LIST 

References to the original descriptions are listed 
below and species are illustrated in Plates I and 2 
and text fig. 9. 

A mmoaslula salsa Cushman and Bronnimann, 1948. 
Cushman Lab. Foram . R esearch Conlr., 24: 17, 
pI. 3, figs. 14-16. 

Ammobaculites crasslis Warren, 1957. Cushman 
Found. Foram. Res. Conlr., 8:32, pI. 3, figs. 
5-7. 

Ammobaeuliles cf. A. dilalalus Cushman and Briin
nimann, 1948. Cushman Lab. Foram. Re
search Conlr., 24:39, pI. 7, figs. 10, 11. 

A mmobaeuliles cf. A. exiguus Cushman and Bron
nimann , 1948. Cushman Lab. Foram. Re
search Confr., 24:38 , pI. 7, figs. 7, 8. 

Ammonia beccarii (Linnaeus) var. A * = variety of 
Nalllilus beeearii Linnaeus, 1758. Syslema 
nalurae, 10 ed., Holmiae, 1: 710, pI. I , figs. 
la-c. 

Ammonia beeearii lepida (Cushman) = Rotalia 
beeearii var. lepida Cushman, 1926. Carnegie 
Insl. Wasil., Pub. 344:79, pI. I. 

Arenoparrel/a mexieana (Kornfeld) , emend. Ander
sen = Troc//{/mmina inflata (Montagu) var. 
mexieana Kornfeld , 1931. Slanford Vniv . 
Depl. Geol. Conlr ., \:86, pI. 13, figs. 5a-c. 

ASlrammina rara Rhumbler, 1931. In: Drygalski, 
E. von , Delilsehe Siibpolar Expedilion J 90/-
1903, W. de Gruyter, Berlin, 20:78, pI. 2, figs. 
19a, b. 

EXPLANATION OF PLATE 2 
FIGS. 
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PAGE 
Arenoparrel/amexieana (Kornfeld ). Marsh station No. 200. I. Dorsal view of left-handed 
specimen showing typically subtle sutures and blocky chambers. 2. Ventral view of right
handed specimen showing radially directed sutures and excavated umbilicus . . 15 
A mmoaslUla salsa Cushman and Bronnimann. Marsh station No. 200. Lateral view of 
10-chambered specimen. 
Ammobaeuliles erassus Warren. Estuary station No. 30. Large specimen showing trochi
spiral initial portion of test with vaguely visible sutures, and increasingly larger and more 
inflated chambers toward the aperture . . 
A mmobaeulites cf. A. dilalalus Cushman and Bronnimann. Estuary station No. 301. Spec
imen showing compressed character of test , and vaguely visible sutures that are markedly 
convex toward the aperture . . 
A mmobaeuliles cf. A. exiguus Cushman and Bronnimann. Marsh station No. 220. Speci
men showing subequant initial, planispiral portion of test, and uniserial portion with low 
chambers separated by nearly horizontal , subparallel sutures. 
Elphidium clavalum Cushman. Estuary station No.3. 7. Variant A; specimen showing 
slit-like pits marking septal bridges along the sutures, and the irregular bosses and pits in the 
umbilical area . 8. Variant B; specimen showing slightly arcuate, beaded sutures, and 
beaded umbilical area . . 
Ammonia beccarii Linnaeus variety A. Estuary station No. 23. 9. Ventral view of left
handed specimen (last chamber broken), showing thickened lappets extending toward large 
umbilical boss, and radially directed sutures. 10. Dorsal view of right-handed specimen 
showing slightly limbate, arcuate sutures . .. 
Ammonia beeearii lepida (Cushman). Estuary station No. 46. II. Dorsal view of right
handed specimen showing lobulate periphery and arc uate sutures. 12. Ventral view of 
right-handed specimen showing excavated umbilicus and radial sutures. 
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Elphidium c1avatum Cushman vars. A, B, and D t 
= Elphidium illcertum (Wi lliamson) Cush
man, 1930. V. S. Nat. Mus. Bull., 104: 18-
19, pI. 7, figs. 8a, 8b, 9a, 9b = Elphidium ill
certum var. c1avatum Cushman, 1930. V . S. 
Nat. Mus. Bull. , 104: 18-19, pI. 7, figs. lOa, b. 

Elphidium galvestollellse Kornfeld = Elphidiuln 
gUllteri Cole var. galvestollellsis Kornfeld 
(part), 1931. Stanford VIIiI'. Dept. Geol. 
COlltr. , 1: 86, pI. 15, figs. 1-3. 

Haplaphragm oides /wllcocki Cushman and McCul
loch, 1939. Allall Hallcock Pacific Expedi
tiOIlS, 6: 79, pI. 6, figs. 5, 6. 

Haplaphragmoides mallilaellsis Andersen, 1952. 
Cushman Foulld. Foram. Res. COlltr., 4:22, 
pI. 4, figs. 8a, b. 

Haplophragm oides wilberti Andersen, 1952. Cush
man Foulld. Foram. R es. COlltr. , 4:21, pI. I, 
figs. 7a, b. 

3 

f mm. 
TEXT FIGURE 9 

Top, left : Elphidium c1avatum Cushman variant D . 
Estuary station No. 313. Specimen showing de
pressed sutures with small, unevenly spaced retral 
processes, and the excavated umbilical region. 
Top, right: Protelphidium tisburyellse (B utcher). 
Estuary station No. 313. Specimen showing re
curved sutures that lack retral processes. 
Bottom: Elphidium galvestollellse Kornfeld. Estu
ary station No. 313. Large specimen showing 
somewhat flattened character of the test, and the 
numerous (15) chambers per whorl. 

Miliammilla earlmldi Loeblich and Tappan , 1955. 
Smithsolliall Misc. Call., 121 : 12, pI. I , figs. 
15, 16. 

Miliammilla fusca (Brady) = Quillque/oculilla fusca 
Brady, 1870. A 1111. Mag. Nat. Hist., Ser. 4, 
6:286, pI. II, figs. 2, 3. 

Protelphidium tisburyellse (Butcher) = NOllioll tis
buryellsis Butcher, 1948. Cushmall Lab. Fo
ram. Res. COlll r. , 24:22, text figs. 1-3. 

Reop/wx lIalla Rhumbler, 1911. Planktoll-Exped. 
Humboldt-Stiftullg, Ergeb., 3: 182, pI. 8, figs. 
6-12. 

Tiphotrocha comprimata (Cushman and Bronni
mann, 1948. Cushman Lab. Foram. R esearch 
COlltr., 24:41 , pI. 8, figs. 1-3. 

Trochammilla illflata (Montagu) = Nautilus illflata 
Montagu , 1808. Testacea Brillallica, Suppl. 
S. Woolmer, Exeter, Eng., p. 81, pI. 18, fig. 3. 

Trochammina macrescells (Brady) = Trocham
milia illflata (Montagu) var. macrescells Brady, 
1870. Alln. Mag. Nat . Hist., Ser. 4, 6:51, pI. 
11, figs. 5a-c. 

Trochammina squamata Parker and Jones, 1860. 
Jones and Parker, 1860. Quart. Jour. Geol. 
Soc. Londoll , 16:407, pI. 15, figs. 30, 30a-c. 

*R emarks.--Samples collected from stands of 
eelgrass in late summer of 1963 yielded abundant 
living specimens of Anunollia beccarii var. A . In 
addition, the associated sediment was sampled to 
determine whether the foraminifera were selectively 
inhabiting the grass. Most ratios for the eelgrass 
exceed those for the sediment. Nearly all high 
values result from large numbers of living A . bec
carii var. A. r n the summer this is an important 
epiphytic form in the Rappahannock. 

t Remarks.-Elphidium cla vatllln exhibits consid
erable morphological variation. Specimens of this 
species in our collection are identical with material 
identified as E. illcer/lII1l from Buzzards Bay 
(USN M 40941-40944) . Other specimens are the 
same as those identified as E. illcertum var c1avat
um from Buzzards Bay (USNM 41123, 41125, 
41126). The shell wall of Elphidium illcertum 
(Williamson) is microgranular, whereas the wall 
structure of our specimens is radial. Despite cer
tain morphological divergences of our specimens 
from typical E/phidium c1avatum, we regard them 
as belonging to that species. 

In the Rappahannock River estuary, at least three 
morphological variants can be recognized with 
some confidence. These are referred to as Elphid
iam clava/um A, B, and D. Variants A and Bare 
ubiquitous and commonly occur together, whereas 
D was found after 1962, and chiefly in the middle 
estuary. 

The morphological differences of these three 
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Yariants can be seen most clearly on adult speci
mens. Generally, variant A is opaque, with well
defined retral processes or interrupted slits along 
tile sutures, and with the umbilical regions irregu
larly filled with one or more bosses. Variant B is 
transparent, and the sutures and umbilical regions 
bear glassy, bead-like processes. Measurements of 
xveral morphological characters (Buzas, 1966) 

showed no significant difference between these two 
variants. Variant D resembles imperfect specimens 
of E. poeyanum and can be recognized by its de
pressed sutures with retral processes that are sub
uniformly spaced and by its excavated umbilical 
regions. The test is coarsely perforate and super
ficially resembles the finely agglutinate shell of 
Miliammina earlalldi or Trochammina. 
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380. PLANKTONIC FORAMINIFERA DESCRIBED FROM THE 
UPPER CRETACEOUS OF CALlFORNIAl 

ROBERT G. D OUGLAS 
Case Western Reserve University, Cleveland, Ohio 44106 

ABSTRACT 
T wenty-four species of Cretaceou s p l a nk tonic foraminlf

e l'a have been described from Cali forn ia in the last four 
decades. A n exa mination of lhe taxonomic status of lhese 

taxa reveals that ten of the twenty- four are valid. a l
though three reQuire a. c hange In generic deals-na llon . The 
va lid s pecies inc lude H etlbe rgeJla. klngi (TruJillo), H. hee
gumensl~ M a rianas and Zingul a.. n. murph)' l Marlanos 
and Z ingula. l 'nleglobotrunCflll fl roddai (Marianas and 
Z ingula), Globotrunclillu. church! M a rlin, G. J;oudkoffi 
Marti n , O. cnchensls Doug las, Plnnoglobullna oruatissima 
<Cushman and Chu rch) a nd DifnrhllL douglasi SJite l', A 
d istinct California variant. l)l'eviousl y described as O. 
uutahensis T akayanagl, i s assigned as a subspecies of 
Globotruncana stunrtltormis D a lblez, The r emaining t axa. 
with the excePtion of t wo recently described torms, are 
syn onyms or probable syncmy m s of species e l'ected out

side Call Cornia. 

INTRODUCTION 
Marine sedimentary rocks of Cretaceous age crop 

out over large areas of California, but tbick sec
tions of these strata, particularly in the central and 
northern parts of the state, contain a very sparse 
megafauna. For this reason, foraminifera have 
played a major role in the zonation and stratigraph
ic correlation of Cretaceous strata . In the last dec
ade or so planktonic foraminiferal species, because 
of tbeir important correlative value, have received 
increasing attention, and several recent papers 
either empbasize or are devoted to a discussion of 
the systematics and stratigraphic distribution of tbe 
planktonic microfauna. These include reports by 
Kiipper (l956a, b), Takayanagi (1965) , Douglas 
and Sliter (1966), Marianos and Zingula (1966), 
and Douglas (l969a, b) on tbe faunas from the 
western Sacramento Valley; Trujillo's (1960) de
scriptive work on the species from the Redding 
area' tbe foraminiferal analysis, including botb the 
benthonic and planktonic species of the western San 
Joaquin Valley, by Martin (1964) and Graham and 
Clark (1961) ; and tbe description and discussion of 
the planktonic taxa present in southern California 
by Bandy (1951), Douglas and Sliter (1966) and 
Sliter (1968). In addi tion, planktonic foraminiferal 
taxa are listed or mentioned in a large number of 
papers issued since 1929, when planktonic species 
were first specifically identified from deposits of 
Cretaceous age in California (Cusbman and 
Church, 1929 ). These papers have been reviewed 
and annotated by Graham (1961, 1962) . 

1 ConU'i bution No, 51. D epa rtment o f Geology, Case ' Ves l 
el'll R eser ve U n iver s i ty. C leveland , Ohio 44106. 

Most of the 70 or so taxa listed or reported from 
the California Cretaceous are identified as belong
ing to taxa originally described from other parts of 
America or Europe. Naturally not all of these 
identifications have proven to be correct (and, un
doubtedly, future mistakes will occur). Neverthe
less, tbe reported faunas establish that the majority 
of species and all of the genera occurring in Cali
fornia are common to contemporaneous assem
blages found over large areas of the globe. The 
cosmopolitan aspect of planktonic foraminiferal 
species, in contrast to the strong provincialism of 
molluscan fossils, has permitted detailed correla
tion of the California Cretaceous with classical sec
tions in the Gulf Coast and Europe (Martin, 1964; 
Sliter, 1968; Douglas, 1969a). In addition to the 
cosmopolites, several workers have recognized spe
cies which were different or apparently different 
from any then known in the literature. These 
forms, described as new or indicated by the various 
workers as probably new, presently number two 
dozen. For one reason or another, the majority of 
these microfossils ba ve not become well known: 
many have not been cited in the literature since 
their initial description and most, apparently, are 
not known outside California. The exceptions, such 
as RugoglobigerillQ killgi Trujillo and R. praehel
veticll Trujillo, wbich are reported in Europe 
(Scheiberova , 1963 ; Samuel and Salaj, 1966) , are 
few. Also, since the creation of several of the Cal
ifornia species, considerable progress has occurred 
in the study of planktonic foraminifera, including 
the elucidation of poorly known species described 
in the 19th century. Redescription and taxonomic 
redefinition of these older taxa, particularly the 
European ones, has made it apparent that some of 
tbem are senior synonyms of California species. 
Thus it seems appropriate to re-examine the species 
described from California Cretaceous deposits in 
the light of tbe many nomenclatural changes and 
classificatory revisions at the generic level (Loeb
lich and Tappan, 1964; Pessagno, 1967) that have 
occurred in recent years. It is the intent of this 
paper to review briefly the current taxonomic status 
of the 24 taxa described in California over the last 
40 years. For purposes of discussion, the species 
will be divided into three categories and will be 
treated in the following order: recently described 
species, synonymous species and endemic forms. A 
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TABLE I 
ex to species of Upper Cretaceous pla nktonic foraminifera described in California. Entries arranged 
author(s). Those starred are discussed in text. 

OR IGINAL DESIGNATION VALID DESIGNATION 

I. Praeg/obotrllllcalla /wll sbolli Truji llo I. G/obigerillelloides caseyi Bolli, Loebl ich and 
Tappan 

i 
Rugo;::/obigerilla killgi Trujillo 2. Whitein ella killgi (Trujillo) * 
R . praehe/ve/iea Trujillo 3. Praeg/obotrullcana he/velica (Boll i) * 

4. G/obo/rlilleana rell zi primi/i\'{l KUpper 4. Praeg/obolrullcalla slephalli (Gandolfi) ' 

5. Praeg/obotrullealla caryi Martin 5. Hedbergella crassa Boll i 
6. G/obo/rullcana jresnoensis Martin 6 G. margillala (Reuss ) 

8: 
G. churchi Martin 7. same* 
G. goudkoffi Martin 8. same * 

9. G. sp. A. Marianos a nd Zingula 9. G. mariallosi Douglas* 
10. G. sp. B. Marianos and Zingula 10. G . pseudo/inneialla (Pessagno) 
II. G. sp. C . Marianos and Zingula I I. Praeg/obolruncalla /oeb/iclllle Douglas * 
12. G. roddai Marianos and Zingula 12. Praeg/obotrllflcalla roddw" (Marianos and 

Zingula) , 
13 . Ro/afipora fe/Illmaen sis Marianas and Zingu la 13. R. greenhorlleflsis (Morrow) * 
I ';. Hedbergella quadrata Marianos and Zingula 14. H. portsdo lVnell,.is (Mitchell·Williams ) 
15. H. beegum ell sis Marianos and Zingu la 15. Probably the same; insufficient materia l avail-

able for judgment ' 
16. H. l11urpllyi Marianos and Zingu la 16. same * 

17. C /obo/rullealla putahellsis Takayanagi 17. C. stuarlijormis pu/ailellsis Takayanagi * 
18. G. cacheflsis Douglas 18. same* 

_1_9_. __ B_i~fa_r_i_"_a_d~o_u~g~/a~'~·i_S_I~it~e_r ___________________ .\ 19. same* 

_0. Globigerilla a/madellellSis C ushm an and Todd 20. Hedbergella trochoidea (Gandolfi) 
Praeglobolrullcalla slephalli (Gandolfi) 
R o/a/ipora greell/wrllellsis (Morrow) 
R . evoluta (Siga l) 

_I. G loborolalia california C ushman and Todd 21. 
_2 . G. decorala C ushman a nd Todd 22. 
_3. C. a/madellellsis Cushman and Todd 23. 

24. Vemilabrella ornalissima Cushman and Cburch 24 . Plallog/obulilla ornalissima (Cushman and 
Cburcb) 

planktonic foraminifer wbich b'as not been previous
ly reported from tbe West Coast is also discussed. 
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METHODS AND MATERIALS 
Determining tbe morpbologic limits of a species 

and tbe range of variation that is acceptable for 
membersbip witbin a group is difficult because 
there are few guidelines for establisbing these 
boundaries in micropaleontology. Wben a group 
displays a wide range of intraspecific variation, as 
ma ny planktonic foraminifera do, taxonomic judge
ments are difficult, often controversial. Tberefore 
it seems wortbwbile to state tbat the writer views 
the microfossils discussed berei n, and in general, as 
biological popu lations (or as close to these as they 

can be conce ived to be in tbe fossi l state) wbicb 
originally were composed of arrays of individuals 
exbibiting variation on a common tbeme. Small
scale morphologic varia tion wbich occurs in a c1inal 
or consistent manner is viewed primarily as intra
specific (e. g. ecologic or geographic) ratber tban 
interspecific. In tbis context type specimens are 
viewed in tbe sense of Simpson (1961) as name 
bearers a nd not as arcbeotypes. Workers using 
planktonic foraminifera primarily as stratigrapbic 
indices will find disagreement witb tbis approacb . 

The primary types and large suites of individuals, 
many from the type area, of the California species 
discussed berein bave been examined. I n addition, 
Cal ifornia assemblages bave been compared to con
temporaneous assemblages from tbe Gu lf Coast 
and Western Interior of Nortb America and to 
selected faunas from Nortb Africa and Europe. 

Type specimens of the recently described species 
are deposited in tbe Helen Tappan Loebl ich Collec
tion , Department of Geology, U niversity of Ca li
fornia , Los Angeles. Additiona l types are on deposit 
in tbe Hyde Paleontologica l Collection, Department 
of Geology, Case Western Reserve U niversity . 
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Localities referred to in the text have been de
scribed by Douglas (I 966) and the pertinent 
samples are on file in the type collections, Depart
ment of Geology, University of California, Los 
Angeles. 

SYSTEMATIC DISCUSSION 

Recently described species 

Globotruncana marianosi Douglas 

Plate 3, figure 1 
ClobotrllllClllla sp. A MARIANOS and ZINGULA, 1966, 

Jour. Paleont., vol. 40, no. 2, p. 341 , pI. 39, 
fig. l. 

Clobotruncalla mariallo"i Douglas, 1969, Micro
paleontology, vol. J 5, p. 182, pI. 2, fi g. 3, text
fig . 5. 

Test free, large, low trochospiral , flat to slightly 
depressed spiral side, biconvex, becoming umbilico
convex in adult, equatorial periphery nearly circu
lar, slightly lobale, axial periphery angular rhom
boid becoming angular conical in last whorl, with 
single keel. Chambers petaloid, subcircular on 
spiral side, subtri angular, inflated on umbilical side, 
increasing rapidly in size, 6 to 8 in final whorl. 
Sutures curved, raised, beaded on spiral side, de
pressed, radial on umbilical side. Wall calcareous, 
perforate, surface smooth to very finely spinose on 
umbilical side. Umbilicus wide and deep. Aper
ture interiomarginal , umbilical-extra-umbilical, ex
tending only to the margin, with small apertural 
flaps extending into the umbilical cavity. 

max. tn ax. 

specimen diametel' thickness 

holotype (CWRU HOI 3) (untig. ) 0.74 mm 0. 25 mm 

paratype (C\YRU P124) (un fig.) 0.87 mm 0 . 31 mm 
pal'atype (CWRU P125) (u ntig. ) 0.7 0 mm 0.25 mm 
paratype (UCLA 470 27) (u n tig.) 0.68 mm 0.26 mm 
topotype (CWRU T133) (ftg,) 0.92 mm 0.41 mill 

Remarks.-This species resembles Clobotrllllc
ana sigali Mornod in general appearance; however, 
G. marianosi may be distinguished by (I) its um
bilicaUy inflated chambers which give the test a 
distinct umbilicoconvex shape, (2) Ihe rapid in
crease in chamber size, and (3) the tendency to 
develop a slightl y depressed spiral size. Small, 
juvenile specimens of the two species are most 
easily separated by the shape of the chambers. 

OcclIrrence.-Tbe holotype (CWRU-HOI3) and 
unfigured paratypes are from unnamed Turonian 
strata, San Miguel Island, Santa Barbara County. 
Paratype (UCLA 47027) and unfigured specimens 
in the writer's collection are from the lower por
tion of the Venado Formation, Cache Creek, 
Colusa County. The species has been recovered 
from Middle to Upper Turonian strata in the 
Sacramento Valley and otber localities in central 
and northern California. At tbe lower end of its 

DOUGLAS-CAL1FORNIA CRETACEOUS PLANKTONTS 

stratigraphic range it occurs with Clobotrllncana 
siga /i, Praeglobotrullcalla helvetica and Globotrllllc
alia pseudo/i/J/J eialla ; its last occurrence is associ
ated with C. imbricata and G. cac ftellsis. It is con
fined to the upper part of the Praeglobotrullcana 
ftelvetica Zone (C lobotrllllcolla imbricota Subzone) 
(Douglas, in press) . 

Praeglobotruncana loeblichae Douglas 

Plate 3, figures 3, 4 
Hedbergella sp. I DOUGLAS and SUTER, 1966, 

Tulane Stud. Geol. , vol. 4, no. 3, p. 105, pI. 
4, fig. 10. 

GlobotrllllC{//ra sp. C MARIANOS and ZINGULA, 1966, 
Jour. Paleont., vol. 40, no. 2, p. 341, pI. 39, 
fig. 4. 

Praeglobotrllllcalla loeb/ic/rae DOUGLAS, 1969, Mi
cropaleontology, vol. 15, p. 170, pI. 5, figs. 6, 7. 

Test free , medium size, low Irochospiral , gently 
convex on spiral side, umbilical side nearly flat, 
equatori al periphery lobate, axial periphery rounded 
to broadly truncate, covered with large spines. 
Chambers petaloid , · initially globular becoming 
compressed, subcircular to subrectangular, 5 to 6 
in final whorl, increasing gradually in size. Sutures 
radial and depressed, slightly curved on spiral side, 
sometimes beaded with rims; depressed, radial on 
umbilical side. Wall calcareous, perforate, margins 
pierced with occasional pore, surface spiny to rug
ose on spiral side, surface on umbilical side spiny 
on initial chambers, later cbambers smooth. Um
bilicus wide and shallow. Aperture a low, interio
marginal, umbilical arch extending from umbilicus 
nearly to margin, bordered by a narrow, tbickened 
margin . All specimens examined were sinistrally 
coiled. 

max. max. 
s »ec im en diameter th ickness 

hololype (UCLA 47040) (unflg.) 0 . 63 mill 0.19 mm 
pal'atype <CWRU P03 1) 0.44 mill 0.18 mm 
para type (CWRU P032) 0.46 mm 0.15 mm 

R emarks.-Most species of Cretaceous plank
tonic foraminifera exhibit a strong preference for 
one direction of coiling; the majority appear to be 
dextrally coiled. This form is unusual in that all 
tbe specimens examined (about 300) are sinistrally 
coiled. Two otber distinctive features are the 
coarsely spinose or rugose spiral and umbilical sur
face, except for Ihe last formed cbamber, and the 
blunt to slightly rounded margin of tbe test. Species 
of Praeglobotrllllcolla are usually eitber finely spin
ose or smooth, and typical forms, e.g. P. stepha IIi, 
have acute peripberal margins. Rounded chamber 
margins are common among Hedbergella, but since 
tbe species has an imperforate periphery it cannot 

be placed in this genus. 
This taxon was first described and figured by 

Marianos and Zingula ( 1966; pI. 39, fig . 4 ) as 
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Globotruncal/a sp. C. Their description notes a 
beaded double keel on early chambers of th e last 
whorl but lacking on later ones. The vast majority 
of the tests examined by the writer possess broad, 
Iruncate peripheral margins with only slight keel
like thickenings at the edge of the margin . In most 
forms keel-like structures are absent (Plate 3, fig. 
4) or they are developed as rims on the leading 
edge of spiral chambers (Plate 3, fig . 3). Rarely, 
when the margin is thickened on the umbilical edge 
of the margi n, tests are found with the indication of 
two keels. However, it should be pointed out that 
even in specimens where "keels" are present, they 
are not comparable in development or extent to the 
keeled margins of species of Glabotrul/c{l/w, e.g. C. 
pseudolillneialla (Pessagno). 

Occurrellces.-Figured specimen (CWRU 031) is 
from outcrops of gray clay shale exposed on Old 
Benicia Road (loc. B3) Benicia, Solano Co.; speci
men CWRU 032 was collected from the lower Sites 
Formation, Funks Creek, Colusa Co. Unfigured 
specimens in the writer 's collection are from Marsh 
Creek Formation, Marsh Creek, Contra C05ta Co. , 
Yolo and Sites Formations, Colusa and Yolo Coun
ties and the Matunaska Formation, Matunaska 
Valley, Alaska. 

Despite its widespread distribution, the species is 
presently known only from a narrow stratigraphic 
interval dated by other microfossils and ammonites 
as Upper Turonian and Lower Coniacian. 

Globotruncana sp. 

Plate 5, figure 2 

G lobotruJJcalla auguslicarilwta. Gandolfi . TAKA Y

ANAGr, 1965, Tohoku Univ. Sci. Rep!. 2nd Ser. 
(Geol.), vol. 36, no. 2, p. 208, pI. 22, figs . 4a
c,5 (non Gandolfi). 

Globotrullcalla mariei Banner and Blow. DOUGLAS 
and SUTER, 1966, Tulane Stud. Geol., vol. 4, 
p. 112, pI. 3, fig. 8 (NOT pI. 2, fig . 8). 

Descriptioll.-Test free, low trochospiral bicon
vex, axial periphery initially acute, later angu
lar truncate, with two keels, carinal band sloping 
toward umbilicus on earl y chambers of final whorl. 
Chambers increase gradually in size, 6 to 7 in final 
whorl, subpetaloid to crescentic on spiral side, sub
rectangular on umbilical side. Sutures curved , 
raised , beaded on spiral side, raised, curved on um
bilical side. Wall calcareous, perforate, surface 
smooth. Umbilicus narrow and deep. Primary 
aperture interiomarginal, umbilical. Specimens ex
amined lack tegilla or apertural modifications. 

Greatest diameter of fi gured specimen 0.39 mm., 
tbickness 0.18 mm. 

R emarks.-This species is separated from G. 
goudko/fi Martin by the crescentic chamber of the 
spiral side and the wide carinal band on the last 

hambers of the final whorl. 

Most of the exa mined specimens possess ;hick
ened rid ges on the umbilical side running from ;he 
ou:er chamber margi ns along the sutural line be
tween the keels. They may be extensions of the 
beaded sutures or remnants of large flanges or co
alesced pustules. At present material is limited to 
two loca lities in nortbern Ca lifornia and is insuffi
cient for an adequate evaluation of its morphologic 
variation. Designation as a new ta xon will be made 
pending the discovery of additiona l specimens. 

Occurrel/ce.-Figured specimen from Salt Creek , 
Rumsey Hills (loc. 197), Colusa Co. The species 
appears restricted to the lower part of the Forbes 
Formation in Colusa and Yolo Counties. 

Globotruncana stuartiformis putahensis Takayanagi 

Plate 5, figure I 

Globo/rul/calla putahel/sis TAKAYANAGI, 1965, To
hoku Univ., Sci . Rep!. , 2nd Ser. (Geol.), vol. 
36, no. 2, p. 221, pI. 27 , fig . 2. 

Globotrullcalla cOllcavata (Brotzen) . T AKA YANAGl, 

1965 , ibid. , p. 211, pI. 23, fi g. 3 (non Brotzen). 
Remarks.-Globotrullcalla putahellsis was de

scribed as a new species from the Forbes Forma
tion of the Sacramento Valley. Takayanagi sepa
rated the species from the "elevata stuartiformis" 
lineage, which he stated it closely resembles be
cause it possesses two keels . However, examina
tion of the holotype specimen (Stanford Univ. 
Paleo. Coli . no. 9799) fai ls to reveal the presence 
of a second keel. For this reason and because axial 
thin section of specimens from Upper Campanian 
deposits in several parts of California fail to sub
stantiate the presence of a second keel, Douglas and 
Sliter (1966) and Sliter (1968) concluded that G. 
putahellsis was a junior synonym of G. sluarti
form is. Further examination of the plankton ic 
foraminiferal faunas from the Forbes Formation 
has documented the presence of a species which 
matches the original diagnosis of G. putahellsis, i.e., 
a taxon which closely resembles G. stuartiformis, 
has narrow, crescentic chambers and possesses two 
closely spaced keel s; a well-developed spiral keel 
and a weak or incipient umbilica l keel. To this 
taxon, for example, belongs the spi rally crushed 
specimen incorrectly assigned to G. cOllcavata by 
Takayanagi (1965). The species first a ppears near 
the base of the Forbes Formation and can be 
traced vertically upwards several thousa nd feet 
stratigraphicall y (locally to the top of the Creta
ceous). Within this interva l the species undergoes 
a morphologic change, and the incipient second 
keel becomes weaker, is red uced to a row of pus
tules along the umbilica l edge of the carinal band , 
and then finally disappears completely. This evo
lutionary transition from the two-keeled "puta
hensis" type to the characteristic single-keeled 
"stuartijormis" form occurs in a narrow strati-
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graphic interval that, based upon associated mega
fossils, is confined to the Lower Campanian. The 
type specimen of G. pUlahellsis comes from near 
the top of the Forbes Formation in strata of middle 
Upper Campanian age and represents the last phase 
of the transition when only a thin row of pustules 
is evidence of the second keel. Many specimens 
from this horizon even lack the pustules. The taxon 
described by Takayanagi represents the earlier 
phase in the evolutionary development of Globo
Irullcalla sluarli/ormis, however, a phase that may 
easily be recognized morphologically; it appears 
also to have potential stratigraphic significance. This 
form is of sufficient importance to warrant recog
nition, but the slight difference in keel structure 
between G. pulahensis and G. sluarli/ormis does not 
warrant separate specific status. Instead, the writer 
suggests that the lower Campanian evolutionary 
phase of the two species, with two discernible 
keels, be designated a geographic subspecies of G. 
sluarli/ormis, as it is known only from the north 
Pacific region. 

Occurrence.-The figured specimen of G. sluarli
/ormis pUlahensis (CWRU 050) is from the lower 
portion of the Forbes Formation in its type area, 
Rumsey Hills, Colusa County, California. The 
stratigraphic range of the subspecies in California 
is Lower to Middle Campanian. 

Some species requiring taxonomic revision 

Whiteinella kingi (Trujillo) 
Rugog/obigerina kingi TRUJILLO, 1960, Jour. Pale

on., vol. 34, no. 2, p. 339, pI. 49, fig. 5. 
Remarks.-The species is placed in the genus 

Whiteillella, following the generic revisions of 
Pessagno (1967). 

The general similarity and wide range of intra
specific variation exhibited by many species of Late 
Cenomanian and Turonian Hedbergella has made 
difficult their subdivision into meaningful taxonom
ic units. Several species exist in the literature which 
have nearly identical geologic ranges and morphol
ogy. One group is composed of Hedbergella kingi 
(Trujillo) and Praegiobolrllllcalla giganlea Leh-

D OUGLA5-CAL1FORN IA CRETA CE OUS PLAN KTONTS 

mann ( = Hedbergella gigall lea) . The descriptions 
and illustration of these two forms are quite sim
ilar, and North African hedbergellid assemblages 
in the writer's collection do contain a species essen
tially identical to H. killgi. Without comparative 
type specimens of Praeglobolrullcana giganlea, it 
is hazardous to conclude that the two forms are 
synonymous, but the circumstantial evidence is 
strong that they are . A group which overlaps H. 
killgi - P. gigalllea morphologically and stratigraph
ically is composed of Globigerilla paradubia Sigal, 
Hedbergella brit/onensis Loeblich and Tappan, H . 
quadrala Marianos and Zingula, and Globigerilla 
porlsdownellsis Mitchell-Williams. The last three 
species form a single intergrading population of 
medium to low spired forms with five to six cham
bers in the final whorl , and a small, deep umbilicus. 
Hedbergella paradubia is probably con specific, al
though greater detail on its umbilical features is 
desired for a more definite judgment. The major 
morphological difference between the species typi
fied by H. porlsdolVnensis and H. kingi is in the 
development of an umbilicus and apertural flaps. 
The California species has a large, wide umbilical 
cavity (see e.g., Marianos and Zingula, 1966, pI. 
38, figs. 6, 7, 8 for comparison) and apertural 
portici which are lacking in the other species group. 
These two features are the basis of a broad morpho
logic dichotomy in late Cenomanian-Coniacian 
hedbergellid populations (Pessagno, 1967). 

Praeglobotruncana helvetica (Boni) 
Rugoglobigerilla praehelvelica TRUJILLO, 1960, 

Jour. Paleont., vol. 34, no. 2, p. 340, pI. 49, 
fig. 6. 

R emarks.- Trujillo described this taxon from 
shallow-water Turonian shales on the east side of 
the Sacramento Valley, near Redding. In recent 
years it has been identified in other parts of Cali
fornia (Marianos and Zingula, 1966) and outside 
North America (e.g., Samuel, 1962). The diagnos
tic features which led Trujillo to erect a separate 
species were the flattened spiral side and rapidly 
expanding chambers. These are also important 
features of Praeglobolrullcalla helvelica (Bolli), to 

EXPLANATION OF PLATE 3 

FIGS. 

\. 

2. 

3,4. 

a = spiral view; b = umbilical view; c = side view 

Globolruncana mariallosi Douglas . . ...... . 
X 46, topotype, unnamed Turonian deposit, San Miguel Island , Santa Barbara County; 
(CWRU Tl33). 

Whileillella arc/weocrelacea (Pessagno) .......... .. ...................................................... .. ............................................ .. ............. . 
X98, typical adult specimen, Sites Formation, Funks Creek, Colusa County (CWRU 045). 

Praeglobolrllllcana loeblichae Douglas .. .. ...... . .. ......... . 
3, X 89, paratype, morphovariant with blunt margin and well developed rim on spiral 
chambers, unnamed unit, near Benicia, Solano County (CWRU 031) . 4, X 89, para
type, morphovariam with more spinose surface, rounder margin and poorly developed 
rims on spiral chambers, Sites Formation, Funks Creek, Colusa County (CWRU 032). 
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which Trujillo likened his taxon, but the two species 
were stated to be distinguishable by the lack of a 
"typica l keel" in R. praehelvetica and by the fact 
that "each individual whorl is rounded in section 
as opposed to the flattened nature of those of G. 
helvetica (= P. helvetica) as shown by the cross 
section of the original types" (Trujillo, 1960 ). 
Further examination of H. praehelvetica from 
northern California indicates that the two species 
broadly overlap morphologically. The cross-sec
tional profile of early whorls of P. helvetica is 
rounded and the test becomes flattened and hemi
spherical concomitant with keel development on 
the last-formed chambers. As demonstrated by 
axial sections, Rugoglobigerilla praehelvetica devel
ops the same profile sequence, with ;he exception 
that the last-formed chambers, with their hemi
spherical shape, lack the projecting keel. The profile 
sequence is not a diagnostic criterion, however, so 
this leaves the development of a keel as the prin
cipal distinguishing character between the two 
fo rms. The keel structure in P. helvetica, when 
best developed, is a narrow rim of poreless shell 
material deposited along the spiral margin of the 
test and projecting slightl y above the surface of the 
whorl. It is most apparent in larger adult individ
uals. Smaller tests with essentially globular cham
bers have porous margins, but as the chambers be
ome hemispherical and the consequent right-angle 

be nd is formed in the shell , the pores first become 
widely separated at the bend (spiral edge) and, 
then, the margin becomes imperforate and a keel is 
formed. However, keels are not always the end 
product of this development, and a proportion of 
the population is left with semi-porous, non-carin
ate spiral margins, this the R . praehelvetica form. 
A very similar set of observations on keel growth 
in P. helvetica has been made by Pessagno (1967 , 
pl. 99, fig. 4; pI. 100, fig. 4). Pessagno suggested 
that R. praehelvetica represented a transitional 
form linking P. helvetica and Whiteillella archaeo
cretace" Pessagno. The present writer believes, 
!>owever, after examination of populations of the 

' 0 forms in California, that P. helvetica and R. 
aehelvetica are morphologic end members of one 

'P"Cific type. This conclusion is suggested by: (I) 
actual association of the two types in nature; 

_) their identical morphology, except for degree 
of keel development, and (3) their identical geo

·c range. It is possible that they are homeo-

morphic species, but this cannot be determined 
from the fossil record. The geographic distribution 
of the two forms , though incomple:e, suggests dif
ferent ecologic preferences. The keeled form is 
more numerous in shallow-water, near-shore depos
its in southern California and the eastern Sacra
mento Valley, while R. praehelvetico dominates the 
deeper-water facies of the western Sacramento Val
ley and is the sole representative in Turonian de
posits of Alaska. The intimate spatial association 
of the two forms, which argues against subspecies, 
points to the forms as dimorphic phases of one 
species, or, accounting for their apparent environ
mental preference, perhaps ecophenotypic variants. 
Following this interpretation, the two "species," 
which are currently placed in separate genera, 
should be united under a single name. In this case, 
Praeglobotrullcalla helvetica (Bolli) has priority. 

Praeglobotruucana roddai (Marianos and Zingula) 
Globotrullcalla rodd"i MARIANOS and ZINGULA, 

1966, Jour. Paleon!., vol. 40, no. 2, p. 340, 
pI. 39 fig. 5. 

Globotruncana kuepperi Thalmann. MARIAN OS and 
ZINGULA, 1966, Jour. Paleon!., vol. 40, no. 2, 
p. 340, pI. 39, fig. 6. 

Praeglobotrullcalla algerialla CARON, 1966, Rev. 
Micropaleon!., vol. 9, no. 2, p. 74, pI. 2, fig. 5. 

Remarks.-Praeglobotrullcalla roddai (Marianos 
and Zingula) was described for a Lower Turonian 
species exhibiting two closely spaceJ keels which 
become weaker and more closely spaced on the last 
chamber. Samples containing the species also con
tain forms which differ only in having the keels 
merge into a broad single keel on the last one or 
two chambers. This form was identified as Globo
trullcolla kuepperi Thalmann (Marianos and Zin
gu la, 1966) . The two-keel types, rather than differ
ent species, are end members of an intergrading 
morphologic series. Also, the holotype of G. kuep
peri Thalmann, based upon G. rellzi subsp. prim
itiva KUpper (1956), is conspecific with P. stephani 
(Gandolfi) (see Loeblich and Tappan, 1961) and 
different from the species identified by Marianos 
and Zingula. 

Several Lower Turonian species have been de
scribed in recent years wilich appear closely related 
to or synonymous with P. roddai. These include P. 
algeriana Caron, P. turollica (Samuel and Salaj) , 
P. bicoll vexa (Samuel and Salaj) , Globotrwlc(l/w 

EXPLANATION OF PLATE 4 
a = spiral view; b = umbilical view; c = side view 

FIGS. PAGE 
1-4. Clobotrullcalla cachensis Douglas ... . ..... .. ..... .... ....... ...................................................... ....... ........................ 25 

All specimens X98, Yolo Formation, Salt Canyon, Colusa County (CWRU 046,047,048, 
049, respectively). Morphologic series illustrat ing continuous variation in height of spire 
and accompanying chamber modification . 
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difJormis Gand olfi, and , possib ly, M argillolrll llcalla 
bou/dillensis Pessagno. Unfortunately, type speci
mens of the Czech species (P. lurollica and P. bi
cOll vexa) were not available to the writer ; reassign
ment based solely on the literature is unwise . How
ever, specimens of P. a/geriana Caron from the type 
area and numerous examples of M . bou /de llellsis 
and G. difJormis from the G ul f Coast Cretaceous 
have been examined. Based upon these compari
sons, P. a/gerialla and P. roddai are judged to be 
the same. Both have about the same nu mber of 
chambers per whorl , two closely spaced keels, dis
tinct radial , depressed umbilical suture and the 
same geologic range. The American species (G . 
di fJormis and M . bou/dellellsis) are distinct from 
each other and both can be distinguished from 
P. roddai by the number of chambers per whorl and 
the degree of spiroconvexity of the tes!. All three 
have, however, evolved along similar morphologica l 
lines and have certa in basic fea tures in common. 
Foremost of these features are the closely spaced 
double keel s which sometimes merge to form one 
keel on the last one or t wo chambers, the radially 
depressed umbilical sutures, and simple apertural 
flaps. These common characters suggest that the 
species, and probably P. bicoll vexa and P. /uroll ica 
which also possess them, are part of an evolving 
plexus that originated from a P. s/ephalli-like an
cestor in the late Cenomanian. 

Praeglobotruncana stephani (Gandolfi ) 
G /obo/rull calla ( Praeg/obo/rullcalla) rellZ; subsp. 

primi/iva KUP PER, 1956, Cushman Found . 
Foram. Res., Contr., vol. 7, pI. 2, p. 43, pI. 8, 
fig. I. 

G/obo/run cana kuepper; THAL MANN, 1959, Cusb
man Found. Foram. Res ., Contr. , vol. 10, p. 
130. 

Remarks.-After examining the holotype of G. 
(Praeg/obo/rull calla) rell z; subsp. primi/iva Kupper, 
tbe writer is in agreement with Loeblich and Tap
pan ( 1961 ) tbat it is a crushed specimen of P. 
s/ephall; (G andolfi ) . Tbus the nominal species, 
G/obo/run calla k llepperi Thalmann, erected to re
place the homonymic combination G. primi/iva, 
becomes a junior synonym and is invalid . The spe
cies described as G. kuepperi by Marianos and 
Zingul a sbould be referred to Praeg/obotrullcalla 
rodda; Marianos and Zingula (see discussion under 
P. rodda;. 

Rotalipora grecnhornensis (Morrow) 
R o/a/ipora /e/wnlllellSis MARIANas and ZINGULA, 

1966, Jour. Paleon!., vol. 40, p. 339, pI. 38, 
fig. 4. 

Rem arks.-Marianos and Zingul a erected R . 
/e/wm aellsis for a nearl y circular, biconvex rotali
porid with 6 10 8 chambers in the fi nal whorl , and 

DOUCLAS- CALIF'OHNIA CRI~TACEOUS PLANKTONT S 

radial umbilical sutures, depressed near tbe outer 
edge of tbe test but becoming raised and thickened 
near the um bilicus. The species is widespread in 
Cenomanian deposits in Ca lifornia. Earl ier, Loeb
lich and Tappan ( 196 1) bad assigned this species 
to R. greell//Ornellsis ( Morrow), but Marianos and 
Zingul a disagreed witb tbis because "none of tbe 
specimens fi gured by Loeblich and Tappan as R . 
greellhornellsis agrees with tbe holotype of that 
species . .. " (p. 339) . It is true that the California 
species differs slightly fro m the boloty pe. How
ever, comparison of the California species with 
large suites of topotypes of R . greellhornellsis in
dicates that it fa lls well witbin the range of varia
tion of the topotypic population. The umbilical 
sutures of greellhornellsis vary from slightly curved 
or nearly stra ight, radi al depressions to being flush 
with tbe surface, particularly between the early 
chambers of the last wborl. Thi s writer agrees with 
tbe earlier statements of Loeblich and Tappan tbat 
tbe California species is conspecific with R . green
hornellsis (Morrow ) . 

Globotruucana goudkofli Martin 
G /obo/rullcalla gOlldkoffi MARTIN, 1964, J b. Geol. 

Bundesans!. , Sonderbd. 9, p. 80, pI. 10, fig. I. 
D OUGLAS, 1969, Micropaleontology, vol. IS , 
no. 2, p. 179, pI. 8, fi g. 3. 

G /obo/rullcalla s/ep/le llsolli PESSAGNO, 1967 , Palae
ont. Amer. , vol. 5, no. 37, p. 354, pI. 69, fig. 
1-7; pI. 96, fi g. 5, 6. 

G /obo/rull calla lIlariei Banner and Blow. SLITER, 
1968, Kan. Paleonl . Contr. , vol. 49 , art. 7, p. 
105, pI. 17, fig. 7-8. 

Remarks.- In a recent monograph on the plank
tonic foraminifera from tbe G ulf Coast Upper Cre
taceous, Pessagno ( 1967 ) described tbe species 
G /obo/rullcalla s/ephellsolli . It is a somewhat com
pressed biconvex form with a sharply angled peripb
ery containing two narrowly spaced keels. Tbe keels 
tend to form a single keel on the last cbamber. Pes
sagno stated that it resembled hi gher spired forms of 
G. stuar/i (d'Lapparent ) and externally was similar 
to G . cOll ica White. These are also tbe basic char
acteristics of G. gOlldkoffi Martin , described from 
the Moreno Gulch area, western San Joaquin 
Valley. Comparison of the type specimens of the 
two species fa ils to reveal any significant difference 
between them. For this reason, G . stephellsoll; is 
here considered a junior synonym of G. gOlldkoffi. 

Some confusion exists concerning the species 
G /obo/rull calla mariei Banner and Blow and G. 
gOlldkoffi Martin. The former name was proposed 
as a replacement for G. cre/acea C ushman when it 
was established that G /obigerilla cre/acea d'Orbigny 
was a G /obo/rull cll/w. Later restudy of the type of 
G. cre/acea Cushman revea ls ( Pessagno, 1967 ), 
that it is a small immature form of G. rosel/a 
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(Carsey). Therefore C. mariei is synonymous with 
the older name C. rosella. Specimens identified as 
C. mllriei by Douglas and Sliter (1966) and Sliter 
(1967) should be assigned to C. goudko[fi Martin. 

Endemic species 

The following species are so far known only 
from the west coast of North America or the North 
Pacific region: 

Hedbergella lI1urphyi Marianos and Zingula 
(Turoni an) 

Prlleglobolrul/cal/a loeblielwe Douglas (Turo
nian-Lower Coniacian) 

ClobolrUI/Calw eaehel/sis Douglas (Turonian 
to Lower Santonian) 

C . cillIrehi Marlill (Campa nian to Lower 
Maastrichtian) 

C. marianosi Douglas (Upper Turonian) 
C. sp. ( Lower Campanian) 
C. sluarli formis pUlahel/sis Takayanagi (Cam

pani an ) 
Helerohetix sp. (Lower Campanian) 
Plal/oglobulil/a omalissima (Cushman and 

Church) (Upper Campanian-Lower Maas
trichtian) 

Bifaril/ll dOllglasi Sliter (Upper Campanian to 
Lower Maastrichtian) 

The more recently described species will require 
fu rther verification of their apparent endemic dis
tribution, as they may elsewhere be differently iden
tified or as yet unrecognized. However, PlwlOglob
util/a omalissima has been known for 40 years and 
the species is not known outside the North Pacific . 
Douglas (1969) noted that specimens identified as 
P. omalissima from Cuba (Bronnimann and Rigas
si . 1963) and Czechoslovakia (Samuel and Salaj , 
1967) should be assigned to C ubleril/a euvillieri 
· ikione. 

One interesting aspect of the endemics is that 
they are not randomly distributed in time but are 
ooncentrated at two distinct stratigraphic horizons, 

e Upper Turonian to Coniacian and the Upper 
Campanian. These seem to be times of provincial
lSffi in California planktonic foraminiferal faunas 
~ compared to the distribution patterns of other 
_ -orth American assemblages ( Douglas and Sliter, 
I 66) . The fact that the Campanian species P. 

natissima and C. ehurchi occur in Japan, Alaska, 
md California suggests they have a Pacific distribu
tion which is the equivalent of the Eu ropean Boreal. 

Species previously unreported in California 

WhiteineUa archaeocretacea Pessagno 

Plate 3, figure 2; Plate 5, figures 4, 5 

hiteil/ella areill/eocrelacea PESSAGNO, 1967, p. 
298, pI. 51, figs . 2-4; pI. 54, figs. 19-21,22-24; 
pI. 100, fig. 8. 

Remarks.-The genus Whiteillella , with W. areh
aeoeretaeea Pessagno as type species, was recently 
described from the Gulf Coast Cretaceous. The 
basis for separating this taxon from Hedbergella is 
the more umbilical position of the primary aper
ture and large apertural flaps . Members of this 
genus are most easily recognized by the wide, open 
umbilical cavity and the apertural portici which 
project into it. 

The California species possesses two features 
which are not mentioned in the original species 
diagnosis. In some adults there is a tendency for 
the last chamber to become greatly inflated and 
extend into the umbilical region (Plate 5, fig. 4) . 
The position and shape of the aperture is usually 
distorted when this occurs. Normal chamber de
velopment is illustrated in Plate 3, fig. 2. 

There is noticeable difference in size between 
California specimens studied and those described 
from the Gulf Coast. Individuals from the Eagle 
Ford and Chispa Summit Formations, Texas, as 
reported by Pessagno, range up to 0.60 mm. in 
maximum diameter, while the largest individual 
from the Sacramento Valley is about one half this 
size. The reason for this difference, apparently 
indicative of different growth or development, 
is unknown. 

Occurrel/ee.-The stratigraphic range of the spe
cies in Texas is Eaglefordian to Lower Austanian 
(approximately basal Turonian to Lower Santoni
an ) . It occurs rarely in the upper part of the 
"Fiske Creek" Formation in western Sacramento 
Valley, horizons identified as latest Cenomanian or 
earliest Turonian in age, but frequent occurrences 
are restricted to the upper part of the Yolo and 
portions of the Sites Formations. These strata are 
uppermost Turonian and Coniacian in age and fall 
within the Clobo/rul/cal/a cachensis Zone (Douglas, 
in press). At present the species has not been iden
tified in Santonian deposits (C . eoronala Zone) in 
Northern California. 
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EXPLANATION OF PLATE 5 
a = spiral view; b = umbilical view; c = side view 

FIGS. 
J. GlobotrllllCllIw sluarlijormis putahellsis Takayanagi ................... ....... ......... . ................................... . 

X66, Forbes Formation, Rumsey Hills, Colusa County (CWRU 050). Subspecies of Globo
trul/cal/a sll/arti/ormis Dalbiez occurring in the Lower Campanian of Cali fornia in which an 
incipient second keel is developed. 

2. G lobotrul/c{//w sp. . .. ............................................... ........ .. .......... ........................................ . 
X98, Forbes Formation, Rumsey Hills, Colusa County (CWRU 051). 

3. Clobotrul/calla cachellsis Douglas ...... ................ . .. ....................... .................... . 
X98, Yolo Formation, Cache Creek, Colusa County (CWRU 052) . 
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4. Whiteill el/a arc/weocretacea (Pessagno) ...................... ....... .... ... ... ................ ... ............................... 25 
X98, Sites Formation, Funks Creek, Colusa County (CWRU 045). Morphovariant with 
greatly inflated last chamber. 

5. Whiteil/el/a cf. arc/weocretacea (Pessagno) ........... ..... ..................... .................. ........................ 25 
X 128, Sites Formation, Funks Creek, Colusa County (CWRU 053). 
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ABSTRACT 
Twenty-five 8)lecies a nd subs»ec ies of pla nk tonic foram

inifera., oCCUlTing in association with a bu nd a nt larger 

f oraminifera, have been i denti fied [,'am the U )per E ocene 
of 1\1iki r Hill s, Assam. India. The s lratigTal)h ic al di s tri 
bullan o f these planktonic fo..n m i n lfer a i n the sequence 

pe rmits recognition of the th,'ee zones repol'led ea l'ii e !" b~,. 

B l ow and Bannel' [ ,'om the Upper E ocen e of T anganyika. 

East Africa. Thi s is t h e ftn~t r eco rd of a complete se
(lUenee of the U ppe l' E ocene planktonic fo r amln ife l'a \ zones 
f ,'om E as tern Ind ia. 

INTRODUCTION 
The presence of a well developed marine Upper 

Eocene outcrop along the southern foothill s of the 
Garo, Khasi-Jaintia and Mikir Hills in Assam and 
its importance in the biostratigraphic investigation 
of the Upper Eocene of the Indian region have been 
pointed out by the writer (Samanta, 1968). These 
Upper Eocene sediments are highl y fossiliferous 
and contain abundant foraminifera and mollusks. 
They are conformable upon equall y fo ssili fe rous 
Middle Eocene rocks. 

A systematic investigation of the mari ne Eocene 
sequence developed in the Garo Hills has earlier 
been carried out by the writer. At first, attention 
was given to the larger foraminifera which consti
tute the dominant element in the fauna . Later an 
attempt was made to record the planktonic foram
inifera to aid in the classification and long range 
correlation of these sed iments. However, in the 
Garo Hills only a small number of samples bearing 
planktonic foraminifera was avai lable and in the 
Upper Eocene part of the sequence only one plank
tonic foraminiferal assemblage (equiva lent to that 
of the Globorotalia cerro-azulensis zone of Bolli) 
was recorded (Samanta, 1969). 

To gather more information on the Eocene bio
stratigraphy of this region the investigation was ex
tended to the Mikir Hills, where the Eocene suc
cession was found to be similar to that developed 
in the Garo Hills. In the Mikir Hills the Eocene 
rocks lie directly on the Pre-Cambrian com plex and 
are made up of the Mikir formation, the Garam pani 
Limestone and the Kopili format ion in ascending 
order. The sequence is apparently conformable. 
The Mikir formation is dominantly arenaceous and 
consists of sandstone, siltstone, shale and coal. This 
formation is devoid of foramin ifera. The Garam
pani Limestone is dominantly calcareous and is 
made up chiefly of fossiliferous limestone with 
some marls and shales. It is richly fossi li ferous 

and conta ins abundant foraminifera. On the basis 
of the foraminifera, a Middle Eocene age is as
signed to the Garampani Limestone. The overlying 
Kopili formation is made up of foss ili ferous argilla
ceous limestone, shale and sandstone. The limestones 
and shales contain abu ndant foraminifera which 
indicate an U pper Eocene age for the formatio n. 

Material for the present study was derived from 
a borehole passing through the Kopili formation 
and the Garampani Limestone. The borehole is 
located east of the Shillong-HaHong road, at a dis
tance of about 5 Km. from Garampani village 
(92°38'E., 25 °30'N.). An examination of these 
core samples has revealed the presence of U pper 
Eocene planktonic foraminifera in association with 
larger foraminifera in the Kopili formation. In the 
present paper a systematic acco unt of these plank
tonic foraminifera is provided and the recognition 
in the present sequence of the' three zones reported 
by Blow and Banner (1962) from the Upper Eo
cene of Tanganyika, East Africa, is discussed . 
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PLANKTONIC FORAMINIFERA 
In the present study, nine core samples of the 

Kopili formation were examined for smaller foram
inifera, but only seven were found to contain plank
tonic foraminifera. They occur associated with 
abundant larger foraminifera . The preservation of 
the material is not good. Delicate features of the 
test, such as the spines of the hantkeninids and the 
bullae of the globigerin ids, are usuall y not com
pletely preserved. Often the apertural region is 
covered with matrix which obscures the detai ls of 
the aperture. However, the taxonomically signifi
cant morphological fea tures are in most cases suffi-
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TABLE 1 
Stratigraphic distribution of the planktonic foramin ifera in the Upper Eocene Kopili 

formation, Mikir Hill s, Assam, India 

Z ones 

Species Sample N oo. 

' Chilogllembelilla tellllis (Todd) 
C. sp. 
Globigerapsis tropicalis Blow and Banner 
Globigerilla ampliapertura Bolli 

' G. angllslillmbilicata Bolli 
G. corplilellta Subbotina 

' G. eocaella Giimbel 
G . gortallii (Borsetti) 

' G . lillaperta Finlay 
' G . officillalis Subbotina 
' G . praeblilloides oce/lisa Blow and Banner 
G. sellilis Bandy 

' G. triparlita triparlita Koch 
' G. yeguaellsis Weinzierl and Applin 
Globigerillatlleka sp. cf. G. barri Bronnimann 
Globi!!erillita dissimilis (Cushman and Bermudez) 

· G. lInicava (Bolli, Loeblich and Tappan ) 
' Globorotalia celltralis Cushman and Bermudez 
• G. cerro-azulensis (Cole) 
· G. gemma Jenkins 
G. illcrebescells (Bandy) 

· G. opima lIalla Bolli 
G. permicra Blow and Banner 

· Hantkellina alabamellsis Cushman 
• PJelidohastigerina micra (Cole) 

ciently well-preserved to permit satisfactory identi
fication of tbe forms present in the material. 

Twenty-live species and subspecies of planktonic 
foraminifera, belonging to eigbt genera, are re
orded here from the Kopili formation (Table 1) . 

In both number of individuals and of species Glo
bigerilla is tbe most abundant genus in the fauna. 
The eleven species and subspecies of Globigerina 
recorded here represent all the common groups of 
forms of the genus known to occur in the Upper 
Eocene of tropical-subtropical regions. Of the 
several groups present here, the one comprising the 
-Iosely related forms Globigerilla corpulellla 
ubbotina, G. eocaella Giimbel and G. gortallii 

t Borsetti) is most ab undantly represented. Be
cause of their much larger size in comparison to 
the rest of the planktonic fauna, members of the 
G . gortallii group constitute the most conspicuous 
d ement of the planktonic foraminifera l fauna in 
the Kopili formation . G. gortallii is the largest of 
the planktonic foraminiferal species recorded here. 
Globorotalia, represented by six species, is next in 

undance. All the common forms of tbe genus 
reported from the Upper Eocene of the tropical
Sllbtropical regions are represented here. G . cerrO-

Cribro-
GlohiJ;erll!)I'"ls hunt- Glob igerl nn 
semi-involutu. kenillll I,!'ortanll 

Innata 
<6 45 44 4" 4. 

X X 
X 

X 
X X 

X X X 
X X X X X X 

X X X X X 

~ X X X X X 
X X 

X X X X 
X X X 

X X 
X X 

X X X X X X 
X 
X 

X X X X X 
X X X X 
X X X X X 

X X -
X 

X X X X X X 
X 

X X 
X X X X 

azulell sis (Cole) is tbe most distinctive form of the 
genus in the fauna; it attains the largest size among 
the representatives of Globorotalia found here. 
These two genera- Globigerina and Globorotalia
constitute about 90% of the planktonic fauna. Of 
the remaining six genera Chiloguembelilla and Glo
bigerillita are each represented by two species, 
whi le Globigerapsis, Globigerillatheka, Halltkenilla 
and Pselldohastigerilla are each represented by one. 
The representatives of Globigerinita and Pselldo
illlstigerilla occur frequently, but those of the other 
four genera are rare in the material. 

The stratigraphic distribution of the planktonic 
foraminifera shown in Table 1 permits recognition 
of the three zones reported by Blow and Banner 
( 1962) from the Upper Eocene of Tanganyika, 
East Africa. In the lower zone occur nineteen spe
cies and subspecies of planktonic foraminifera, be
longing to eigbt genera. The Globigerina gortallii 
group dominates the assemblage. Among the Glo
borotalias, G. cerro-aZlilensis (Cole) is tbe most 
distinctive and abundant form. Four species-Glo
bigerapsis tropicalis Blow and Banner, Globigerilla 
linaperta Finlay, Globigerillatheka ct. barri Bron
nimann and Globigerillita dissimilis (Cushman and 
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Bermudez)-do not range above this zone. The 
assemblage in this zone is characteri zed by the com
mon occurrence of Globigerilla gorlallii (BorseHi ), 
Globorolalia cerro-azulellsis (Cole) , and Halll
kellinG alabamensis Cushman, in association with 
representatives of the genera Globigerapsis and 
Globigerillalheka. Coarsely ornamented species of 
Globorotalia and representatives of the genus 
Trullcoroialoides are typically absent. This is the 
only horizon in the sequence having species of Glo
bigerapsis alld Globigerillalheka . Although Glo
bigerapsis semi-ill volula (Keijzer), the zonal mark
er, is not present, the joint occurrence of Globo
rotalia cerro-azulellsis and HOlllkellillo alabamellsis 
with G lobigerapsis Iropicalis and G lobigerinalheka 
d . barri is sufficient for satisfactory correlation of 
the present assemblage with that of the Globiger
apsis semi-illl'oluta zone of Bolli. 

Twelve species and subspecies, belonging to five 
genera, occur in the middle zone. All of them 
range upward from the underl ying zone. In the 
composition of the two common genera Globiger
ina and G loborolalia there is no significant differ
ence between the assemblages of the lower and the 
middle zones. The present assemblage is distin
guished from that of the underlying zone by the 
absence of species referable to the genera G lobiger
apsis and Globigerillalheka. Globorolalia eelliralis 
Cushman and Bermudez, G. cerro-azulell sis (Cole ), 
and Hallikellilla alabamellsis Cushman do not range 
above this zone. The fauna in this zone is much 
impoverished in comparison to those in the under
lying and overlying ones. Here al so, as in the lower 
zone, the zonal marker Cribrolwlltkellilla illfiata 
(Howe)-a senior synonym of Cribrohallikellilla 
dallvil/ellsis (Howe and Wallace)-is not present. 
However, this characteristic Upper Eocene form 
has been recorded by the writer (Samanta, 1969) 
from an equivalent horizon in the G aro Hills. The 
presence of Globorotalia cerro-azulellsis and Halll
kellilla alabamellsis and the absence of species of 
Globigerapsis and Globigerillalheka permit correla
tion of this zone with the Cribrolulllikellilla illfiala 
zone of Blow and Banner. 

Eighteen species and subspecies, belonging to five 
genera, occur in the upper zone . Twelve of these 
range upward from the underlying zones while six 
appear here for the fir st time . In thi s horizon sig
nificant changes take place in the composition of 
the genera Globigerirw and Globorotalia. Globo
rolalia celliralis and G. cerro-azulellsis, the two 
common forms of the genus in the underlying 
zones, are absent, while G . gemma Jenkins, G. ill
crebescells (Bandy) and G. permicra Blow and 
Banner appear for the fir st time. G. gemma is the 
most common form of the genus in this zone. As 
in the underlying two zones, the Globigerilla 
gorlallii group dominates the fauna, but the appear-

ance of Globigerilla ampliaperlura Bolli makes the 
present assemblage distinct from the lower ones . 
The fauna of this zone is characterized by the pres
ence of Globigerilla ampliaperlura , Globorotalia 
illcrebescells, and G. permicra and the absence of 
Globorolalia celliralis, G. cerro-azulell sis, and 
Hallikellilla alabamellsis. It is essentially the same 
as that recorded by Blow and Banner in their 
Globigerilla gorlallii zone. As in Tanganyika, the 
samples of this zone contain abundant specimens of 
the Paleocene-Eocene larger foraminiferal genus 
Discocyclillo. 

Previously, only a fauna of the Cribrolwlltkellilla 
illfiala zone had been recorded from the Upper 
Eocene of the Garo Hills, so the recognition of 
this sequence of three planktonic foraminiferal 
zones in the Upper Eocene of Mikir Hills is of 
considerable significance. This is the first record of 
the fauna from the G lobigerilla gorlallii zone in the 
Indian region . It proves that the uppermost Eocene 
was not the period of marine regression in Eastern 
India it was earlier thought to be by the writer 
(Samanta, 1968). 

SYSTEMATIC PALEONTOLOGY 
The classification followed here is based on that 

proposed by Bolli, Loeblich and Tappan (1957), 
with modifications and additions from classifica
tions presented by later workers. It has been dis
cussed earlier by the writer (Samanta, 1969) . 

The synonymy has been restricted to the original 
description and to references providing important 
information on the taxonomy and distribution of 
the forms. The forms marked with an asterisk in 
table I have been recorded from the Upper Eocene 
of the Garo Hills in an earlier publication wherein 
detailed discussions and synonymy lists of these 
forms will be found . Of these, six less significant 
species, well illustrated by material from the Garo 
Hill s, are not figured here. 

Family CI-IILOG UEMBELIN IDAE Reiss, 1963 
Genus Chiloguembelina Loeblich and Tappan , 1956 

Chiloguembelina tenuis (T odd ) 

Plate 6, figure 18 

Giimbelilla lelluis TODD, 1957, p. 303, pI. 65, figs. 
3I a-b. 

Chiloguembelilla lellllis Todd, SAMANTA, 1969, p. 
329, pI. 1, fi gs. 8a-b. 

Remarks.-With their elongate, compressed test, 
6 to 7 pairs of chambers between depressed , oblique 
sutures, and elongate aperture, the present speci
mens compare closely with the type description and 
illustration of C. lelluis. The aperture in the pres
ent specimens is less elongate than that in those 
reported from the Garo Hills by the writer. 

Occurrellce.-Previously it bas been recorded 
from the Upper Eocene of Saipan and the Garo 
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Hills, Assam. It occurs in the Globigerapsis semi
illvoluta and G lobigerilla gortallii zones in the 
present area. 

ChiIoguembelina sp. 

Plate 6, figures 13, 14 

Descriptioll.-Test short, thick , suhtriangular; 
periphery rounded, lobate; chambers biserial, in
fla ted, rapidly increasing in size in the later part of 
the test; sutures oblique, depressed; wall smooth; 
aperture large, semicircular with faint lip. 

Remarks.-Although Ihe present form with short, 
triangular test, inflated , rapidly increasing chambers 
in the later part of the test and large, semi-circular 
aperture is distinct from the described Upper Eo
cene representatives of the genus, it is not described 
as new, because only two specimens were found. 
It bears some resemblance to Chi/ogl/ embelilla wil
coxensis (Cushman and Ponton) , which is restricted 
10 the Paleocene-Lower Eocene. 

Occl/rrellce.-It is restricted to the Globigeri/Ul 
gortaflii zone . 

Family GLOBIGERINIDAE Carpenter, 
Parker and Jon es, 1862 

G enus Globigerina d'Orbigny, 1826 
Globigerina ampliapertura Bolli 

Plate 6, figures 9, 10; Plate 7, figures 1, 2 

Globigerina ampliapertl/ra BOLLI, 1957a, p. 108, 
pI. 22, figs. 4a-7b; BERMUDEZ, 1961 , p. 1.155, 
pI. 3, figs. 8a-c; WADE, 1964, pI. 1, figs. 13-14, 
18, ?15, 17; REISS and GVIRTZMANN, 1966, pI. 
88, figs. 6a-8c; TOuD, 1966, p. I 33, pI. 8, fig. 7. 

Globigerilla ampliapertura ampliapertura Bolli, 
BLOW and BANNER, 1962, pp. 83-84, pI. 11, 
figs. A-D, pI. 17, fig . C, text-fig. 12b. 

Remarks.-It is a form well represented in this 
material. Three specimens are figured here to show 
its range of variation in the assemblage. They are 
regarded to be well within the range of variation of 
G. ampliapertl/ra described and illustrated by 
Bolli (l957a). 

While describing G. ampliapertl/ra, Bolli (l957a, 
p. 108) compared it with Globigerilla venezuelalla 
Hedberg and G. apertura Cushman and distin
_uished his new species mainly on the character of 
the aperture. Later, in the course of reporting G. 
ampliapertura from the Upper Eocene San Fernando 
formation, Bolli (1957b, p. 164) remarked: "Glo-

igerilla ampliapertura, which appears in the upper
most Eocene and continues into the basal Oligo
.:ene, seems to be genetically related to Globoro
",lia celltralis Cushman and Bermudez . . . The spe
";es might represent a gerontic stage of the G. 
a ll/ralis-G . cocoaellsis strain, reverting before its 
extinction to a globigerinid form and also to ran
dom coiling." He (op. cit. , p. 169) continued this 
discussion under remarks on Globorotalia celltralis 

Cushman and Bermudez from Trinidad and added : 
" ... specimens transitional between G. celltralis 
and Globigerilla ampliapertura Bolli are found in 
the Globorotalia cocoaensis zone, San Fernando 
formation. Further studies on the Globorotalia 
centralis group and related species will have to be 
carried out before it will be possible to establish 
definitely the genetic relationships. It may then be 
possible to erect a number of subspecies of strati
graphic value." 

Because of its stratigraphic significance, G. ampli
apertura has been subjected to critica l studies by 
later workers who differ considerably in their defi
nition of Bolli's form. One group of workers, led 
by Blow and Banner, have postulated a more re
stricted definit ion of G. ampliapertura and have 
erected some new species and subspecies for forms 
originally assigned by Bolli to G. ampliapertura. 
On the other hand , several other workers, including 
Wade (1964) and Hornaday (1965) , have con
siderably enlarged the definition of the species ;0 
include forms quite different from those originally 
assigned to it. This tends to reduce considerably 
the stratigraphic significance of the species. A more 
consistent definition, based on detailed taxonomic 
and stratigraphic studies of G. ampliapertura and 
related forms, is needed before they can be satis
factorily used in detailed biostratigraphic studies. 

Occurrellce.-Originally described from Trinidad 
where, according to Bolli, it ranges from his GLobo
rotalia cerro-azulellsis zone (San Fernando forma
tion) to GLobigerilla ampliapertura zone (Cipero 
formation). Later, Blow and Banner (1962), in 
the course of their investigation on the Mid-Tertiary 
Globigerillaceae from East Africa, assigned mate
rial from the Globorotalia cerro-azulell sis zone of 
Trinidad identified by Bolli as G. ampliapertura to 
their new species Globigerilla pseudo-ampliapertura 
and postulated that G. ampliapertura does not oc
cur in the Globorotalia cerro-aZl/lellsis zone of 
Trinidad and in equivalent horizons elsewhere. Ac
cording to them, G. ampliapertl/ra evolved from 
Globorotalia increbescells (Bandy) in their upper
most Eocene Globigerilla gortallii zone. Other 
workers have reported G. ampliapertura from beds 
ranging in age from the base of the Upper Eocene 
to basal Miocene. It is restricted to the Globigerilla 
goriallii zones in the present material. 

Globigerina angustiumbilicata Bolli 

Plate 6, figure 3 

Globigerilla ciperoellsis allgustil/mbi/icata BOLLI, 
1957a, p. 109, pI. 22, figs. l2a-l3e; BOLLI, 
1957b, p. 164, pI. 36, figs . 6a-b; J ENKINS, 
1966b, p. 4, pI. I , figs. 7a-c. 

Globigerina angl/stil/mbi!icata Bolli, BLOW, 1959, 
p. 172, pI. 7, figs. 33a-c, 34; J ENKINS, 1960, p. 
350, pI. I, figs . 2a-c; BLOW and BANNER, 1962, 
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p. 85, pI. 9, figs. X-Z, text-figs. 9 (iv), 16 (vi, 
vii); WADE, 1964, pI. I, fi gs. II a-c; REISS and 
GVIRTZMANN, 1966, pI. 88, figs . 14a-15c; 
SAMANTA, 1969, p. 330, pI. I , figs . la-c. 

Remarks.- The present specimens, with their 
small , low, trochoid test, 5 globular, gradua lly
enlarging chambers in the last whorl, sma ll umbil
icus, and low arched aperture, agree c1o~ely with 
the type description of G . allgllstilll1lbilicata Bolli . 
An apertural lip, considered by some workers 
(Jenkins, 1966b, p. 4) to be a diagnostic feature of 
G . allgllstillmbilicata, is not clearly discernible in 
the specimen figured here. Bolli (l957a, p. 109) 
has, however, indicated that in the type population 
of G . allgllstillmbilicata the apertural lip is not al
ways present. Only a faintly developed lip is notice
able in the illustration of the holotype of G . al1gllsti
umbilicata, while no apertural lip is distinctly dis
cernible in the specimen illustrated by Bolli (1957b, 
pI. 36, figs . 6a-b) from the Upper Eocene of Trin
idad. Thus, the presence of an apertural lip does 
not seem to be a constant feature in G. allgusti
umbilicata. 

Occurrence.-The reported stratigraphic range 
of G. allgllstilll1lbilicata is Upper Eocene to Lower 
Miocene. It ranges from the Globigerapsis semi
illvoillta to the Globigerilla gortallii zone in the 
present material. 

Globigerina corpulenta Subbotina 

Plate 7, figures 9, 10 

Globigerilla corplliellta SUBBOTINA, 1953 , p. 75, pI. 
9, figs. 5-7, ?pl. 10, figs . 1-4; ECKERT, 1964, 
p. 1057, pI. 3, figs . 5a-6e; HAGN and LINDEN
BERG, 1966, text-fig. 4b. 

R emarks.-The present specimens agree closely 
with the original description of the species. They 
are characterized by a large test, moderately raised 
dorsal spire, 4 inflated , gradually-enlarging cham
bers in the last whorl, well-developed umbilicus 
and low, arched aperture. The species is abundant
ly represented in the present material and shows 
variation in the height of the spire. Specimens with 
a bu lla-like last chamber are not common. G. 
corpulellta is discussed Hnd demonstrated by Hagn 
and Lindenberg (1966) to be transitional between 
G. eocaella GUmbel and G. gortallii (Borsetti) . 

The assignment of the present form to the genus 
Globigerillita by Blow and Banner (1962, p. 113) 
is not accepted. The three related species G . 
eocaella , G. corplliellta and G. gortallii, character
ized by large, high-spired tests, occur abundantly 
in the present material. A lthough representatives 
of these three forms occasionally possess bulla-like 
final chambers, they seem to be unrelated to known 
species of Globigerillita and are, at present, retained 
in the genus Globigerilla. 

Occllrrellce.-G. corpllienta was originally de-

scribed from the Upper Eocene of Russia. It has 
been reported from the Upper Eocene of Egypt and 
Syria . In the Alps it is reported to range from 
Upper Eocene to Oligocene. It ranges from Glo
bigerapsis semi-jllllo /uta zone to Globigerilla gortallU 
zone in the area under discussion . 

Bandy ( 1964, p. 7) has referred specimens from 
the Upper Eocene of Alabama, previously identi
fied by him as Globigerilla dutertrei d'Orbigny, to 
Globigerilla gortallii (Borsetti). Judging from the 
description and illustration provided by Bandy 
(1949), the Alabama specimens seem to be more 
closely comparable to G. corplliellta than to 
G . gortallii. 

Globigerina cocaena GUmbel 
G lobigerilla eocaena GUMBEL, 1868, p. 662, pI. 2, 

figs. 109a-b; SAMANTA, 1969, p. 330, text-fig. 
l a-c. 

Globigerilla (SlIbbotilla) eocaena GUmbel, HAGN 
and LINDEN BERG, 1966, pp. 349-353 , pI. I, figs. 
1-6, text-figs. 3-4a. 

R emarks.- It is a common form in the material. 
Specimens comparable to the neotype of G. eocaena 
illustrated by Hagn and Lindenberg (1966) are 
present. The size of the test and the height of the 
spire show variation in my material. Individnals 
with traces of a bulla-like last chamber are present. 
Frequently the umbilica l region of the test is cov
ered with matrix and the apertural characters are 
not clearly discernible. 

Occurrel1ce.-According to Hagn and Lindenberg 
(1966), who carried out a revision of GUmhel's 
form on the basis of the material from the Eocene 
of the foothills of the Bavarian Alps, G. eocaena 
ranges from the Lower Eocene to the Lower Oligo
cene. It ranges from the Globigerapsis semi-illvol-
1110 to the Globigerina gorlallii zone in the pres
ent area. 

Globigerina gortanii (Borsetti) 

Plate 7, figures II , 12 

Catapsydrax gortallii BORSETTI , 1959, pp. 205-207, 
pI. I , figs. la-d. 

Globigerilla lurrililill(l Ilirritililla BLOW and BAN
NER, 1962, pp. 98-99, pI. 13, figs. D-G. 

Globigerilla Ilirrilililla praellirrilililla BLOW and 
BANN ER, 1962, p. 99 , pI. 13, figs. A-C. 

Globigerilla gortanii (Borsetti), BLOW and BANNER, 
1962, p. 146; H AGN and LINDENBERG, 1966, 
text-fig. 4c; TODD, 1966, p. I 33, pI. 2, fi gs. 3a
b, ?pl. 10, figs. 6-8. 

Remarks.-With its large test and rapidly eo
larging, inflated chambers arranged in a high 
trochospire, G . gortallii is the most distinctive 
planktonic foraminifer in the material. It attains 
the largest size of a ll the planktonic foraminifera 
recorded here. It is abundantly represented and 
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shows noticeable variation in the height of the 
spire and in the degree of development of the um
bilicus. Specimens with a small bulla-like last 
chamber are present. 

While describing the new species Calapsydrax 
gorlallii, Borsetti (1959) compared it with the five 
species of the genus known at that time, e.g. , C. 
dissimilis (Cushman and Bermudez) , C. slaill/orlhi 
Bolli, Loeblich and Tappan, C. parvulus Bolli , 
Loeblich and Tappan, C. ullicavus Bolli , Loeblich 
and Tappan and C. echillalus Bolli. Blow and 
Banner (1962, p. 98) , on the other hand , remarked 
that the only known members of the Globigerinidae 
which grossly resemble their new species G lobiger
ilia lurrilililla (a junior synonym of Borsetti's spe
cies) are Globigerilla helicilla d'Orbigny and Glo
bigerilloides mitrus Todd . Later, Hagn and Linden
berg (1966), in the course of their revision of 
Globigerilla eocaella Gumbel from the Eocene of 
the Bavarian Alps, examined abundant materi al of 
the present species and pointed out the close rela
tionship of G. gorlallii with Globigerilla corpulelll{/. 
Subbotina and G. eocael/a Gumbel. They reported 
all stages of transition between these three species. 
The present study of abundant material of these 
three species supports the observations of Hagn 
and Lindenberg. 

Occurrellce.-Originally described from the Low
er Oligocene of Italy, it was later recorded from 
Tanganyika, East Africa, where it ranges from the 
Globigerapsis semi-illvolula zone (U pper Eocene) 
to the Globigerilla selli zone (Oligocene) . Other 
reliable occurrences include the Lower Oligocene 
of the Bavarian Alps and the Upper Eocene-Oligo-
ene of Guam. Blow and Banner (1962) have 

mentioned its occurrence in the Oligocene of Sara
wak, Malaysia. The specimen from the Jackson 
formation of Alabama (Bandy, 1949, pI. 22, figs. 
~a-c) , referred by Bandy (1964, ' p. 7) (0 G. 
gor/allii, seems to be closely comparable to G. 
corplilellla Subbotina. G. gortallii ranges from the 
Globigerapsis semi-illvolula to the Globigerilla 
gortallii zone in the present area. 

Glohigerina Jinaperta Finlay 

Plate 6, figures 19, 20 

Globigerina lillaperla FINLAY, 1939, p. 125, pI. 23 , 
fi gs. 54-57; BOLLI, 1957b, p. 163 , pI. 36, figs . 
5a-b; HORNIBROOK, 1958, pp. 33-34, pI. 1, figs. 
19-21 (holotype redrawn); REISS and GVIRTZ
MANN, 1966, pI. 88, fi gs. 4a-c; SAMANTA, 1969, 
p. 331 , pI. 3, fi gs. Sa-c. 

Remarks.-The fi gured specimen differs from the 
lotype of G . lillaperla in having a large last 

dJamber, constituting about one half of the test, 
and a periphery that is less strongly lobed. They 
are closely comparable otherwise. The preserva-

lion of the specimens is not completely satisfactory, 
and in some specimens the low aper,ure is covered 
with matrix. 

Occurrellce.-The reported stratigraphic range of 
G. lillaperla is from Paleocene to Uppermost Eo
cene. It occurs in the Globigerapsis semi-ill volllla 
zone in the present area. 

Globigerina officinaJis Subbotina 

Plate 6, figure 2 
Globigerilla officillalis SUBBOTlNA, 1953 (part), p. 

78, pI. II , figs. la-2c, 6a-7c, ? figs. 5a-c (not 
figs . 3a-4b) ; BLOW and BANN ER, 1962, p. 88, 
pI. 9, figs. A-C, text-fig. 16 ; REISS and GVIRTZ
MANN, 1966, pI. 88, figs. 9a-12; FERRER, 1967, 
pI. 3, figs. 6a-c; SAMANTA, 1969, p. 331, pI. I, 
figs. 2a-c. 

Globigerilla parva BOLLI, 1957a, p. 108, pI. 22, 
figs. 14a-c; J ENKINS, 1960, p. 352, pI. 1, figs. 
12a-c. 

Remarks.-It is a common form in the material. 
In diagnostic features the figured specimen agrees 
closely with the holotype of G. officil/alis. A speci
men similar to the holotype of Globigerilla parva 
Bolli also occurs in the material. 

Occllrrellce.-The reported stratigraphic range of 
G. officillalis is from Upper Middle Eocene to basal 
Miocene. It ranges from the Globigerapsis semi
illvolula to the Globigerina gorlallii zone in the 
present area . 

Globigerina praebnl10ides occlusa 
Blow and Banner 

Plate 6, figures 6-8 

Globigerilla praebulloides oce/usa BLOW and BAN
NER, 1962, pp. 93-94, pI. 9, figs. U-W, text
figs. 14 (i-ii); ECKERT, 1964, p. 1058, pI. 4, 
figs. 2a-d ; SAMANTA, 1969, p. 331, pI. 1, figs. 
Sa-c. 

Remarks.-The present specimens are character
ized by a low trochoidal test, prominently lobed 
periphery, 4 subglobular, rapidly enlarging cham
bers in the last whorl, distinctly developed umbil
icus and arched umbilical aperture. They fall well 
within the range of variation of G. praebulloides 
occlusa discussed by its authors. The specimen il
lustrated here as figures 7, 8 in plate 6 compare 
closely with the specimen from the Upper Eocene 
of Trinidad first identified by Bolli (l957b, pI. 36, 
figs. 3a-b) as Globigerilla cf. Irilocularis d'Orbigny 
and later included in the synonymy of G. praebull
oides oce/lisa by Blow and Banner (1962). 

Occurrellce.-The reported stratigraphic range of 
the subspecies is Middle Eocene-Lower Miocene. 
It occurs in the Globigerapsis semi-ill volula and 
the Globigerilla gorlallii zones in the present area. 
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Globigerina seuilis Bandy 

Plate 7, figures 3-5 

Globigerilla ouachitaellsis Howe and Wall ace, var. 
senilis BANDY, 1949, p. 121 , pI. 22, figs . Sa-c. 

Globigerilla sellilis Bandy, BLOW and BANNER, 
1962, pp. 95-96, pI. 11 , figs. R-U. 

Remarks.-Originally Bandy (1949) described it 
as a variety of Globigerilla ouachitaensis Howe and 
Wa llace. Later, Blow and Ba nner, (1962) , in the 
course of their investigation on pl anktonic foram
inifera from T anganyika, considered Bandy's vari
ety to be specifica lly d istinct from G. ouachitaellSis 
Howe and Wallace and raised it to specific rank. 
This is accepted here. 

The Assam specimens agree closely with the type 
description and illustrat ion of G. sellilis. They are 
characterized by a slightly convex dorsal side, 4 in
flated chambers in the last whorl ( the last one being 
smaller than the penultimate), lobed periphery, dis
tinctly developed quad rate umbilicus, and low, 
arched umbilical aperture. 

Occurrellce.-lt was described from the Upper 
Eocene-Oligocene of tbe Little Stave Creek section 
in Alabama. It ranges tbrough the same interval in 
Tanganyika, East Africa. It occurs in the Globiger
apsis semi-illvolllta zone and Globigerilla gortallii 
zones in tbe present material. 

Globigerina tripartita tripmtita Koch 
Globigerilla bulloides d'Orbi gny var. tripartita 

KOCH, 1926, p. 746, text-figs. 2I a-b . 
Globigerilla tripartita tripartita Koch, BLOW and 

BANNER, 1962, pp. 96-97 , pI. 10, figs . A-F, 
text-fig. 18; ECKERT, 1964, p. 1059, pI. 4, figs. 
3a-c; REISS a nd GVIRTZMANN, 1966, pI. 90, 

fi gs. l a-4c; SAMANTA, 1969, p. 332, pI. 3, fi gs. 
6a-c. 

Globoquadrilla tripartita tripartita (Koch ), BANDY, 
1964, p. 7, text-fig. 5 (9). 

Remarks.-In their diagnostic features the pres
ent specimens are close ly comparable to those re
corded from tbe U pper Eocene of tbe Garo Hills 
by the writer (Sama nta , 1969) . In comparison to 
the Garo Hills specimens they are smaller in size 
and possess a less fl attened final chamber. 

Occurrellce.- T he reported stratigra phic range of 
G. tripartita tripartita is from the upper part of the 
Middle Eocene to the basal Miocene (B low and 
Banner, 1962, p. 97). It is restricted to the Glo
bigerilla gortallii zone in the present material. 

Globigerina yeguaensis ' '''einzierl and Applin 
Globigerilla yeguaellsis WEINZIERL and ApPLIN, 

1929, p. 408, pI. 43, figs . l a-b; BOLLI, 1957b, 
p. 163, pI. 35, figs. 15a-c ; REISS and GVtRTZ
MANN, 1966, pI. 88, figs . l a-2, ?3; FERRER, 
1967, pI. 3, fi gs. 9a-c; SAMANTA, 1969, p. 332, 
pI. 3, figs. 7 a-c. 

G lobigerilla yeguaell sis yeguaensis Weinzierl and 
Applin, BLOW and BANNER, 1962, pp. 99-100, 
pI. 13, figs. H-M; ECKERT, 1964, p. 1060, pI. 
4, figs. 4a-5c. 

Remarks.-It is a common form in my materia l. 
The present specimens are smaller tban ihose re
corded from the Eocene succession of the Garo 
Hill s (Samanta, 1969) , but otherwise they are si milar. 

Occurrellce.-According to most authors it is a 
Middle Eocene-Oligocene species. It ranges from 
the Globigerapsis semi-ill voluta to the Globigerilla 
gortallii zone in the present material. 

EX PLANATION OF PLATE 6 

FIGS. 
1. 
2. 
3. 

4, 5. 
6-8. 

9, 10. 
II, 12. 
13 , 14. 
15-1 7. 

18. 
19,20. 
21-23 . 

24,25. 

26,27. 

All figures approximately X 120, except 13-1 8, which are approximately X 180. 

Globigerillita dissimilis (Cushman and Bermudez). Ventra l view. From sa mple 45. 
Globigerilla officillalis Subbotina. Ventral view. From sample 43 . .................................... . 
Globigerilla allgustitllnbilicata Bolli . Ventral view. From sample 43 . ................. .. 

PAGE 
35 
33 
31 
36 Globorotalia gemma Jenkins 4, ventral view. 5, peri phera l view. From sample 43 . . 

Globigerina praebulloides occ/usa Blow and Banner. 6, 8, ventral views. 7, dorsal view. 
From sample 47. ...................... .............................. .. ................... .. 
Globigerilla am pliapertura Boll i. Ventra l views. From sample 43 . ................................. .. 
Globorotalia opima lIalla Bolli . II , periphera l view. 12, ventra l view. From sample 43 . 
Chiloguembelilla sp. 13 , periphera l view. 14, side view. From sample 43. .. ............... .. 
Globorotalia permicra Blow and Banner. 15, ventral view. 16, peripheral view. 17, 
dorsal view. From sample 43. . ...................................................................................................... . 
Chiloguembelil1a telluis (Todd). Side view. From sample 43 . ......................................................... .. 
Globigerilla lillaperta Finlay. 19, ventral view. 20, dorsa l view. From sample 45 . . 
Globigerapsis tropicalis Blow a nd Banner. 21, ventral view. 22, peripheral view. 23 , 
dorsal view. From sample 45. .. ........................... . 
Globoro/{/lia cerro-azulellsis (Cole). 24, ventral view. 25, periphera l view. From sam-
ple 45. ................... ............. ...................... . ................................. .. 
Globorotalia illcrebescells (Bandy). 26, ventral view. 27, peripheral view. From sample 43. 
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Genus Globigerinita Bronnimann, 1951 , 
emend. Blow and Banner, 1962 

Globigerillita dissimilis (Cushman and Berm lldez) 

Plate 6, figure 1 

C/obigerilla dissimi/is CUSHMAN and BERM UDEZ, 
1937, pp. 25-26, pI. 3, figs. 4-6; BERMUDEZ, 
1949, p. 279, pI. 21, fig. 47; BECKMANN, 1954, 
pp. 391-392, pI. 25, fig. 10, text-fig. 16. 

Catapsydrax dissimilis (Cusbman and Bermudez), 
BOLLI, LOEBLICH and TAPPAN, 1957, p. 36, pI. 
7, figs. 6-8. 

C /obigerillita dissimilis (Cushman and Bermudez), 
BERMUDEZ, 1961, pp. 1.262-1.263 , pI. 7, figs. 
4-5. 

C /obigerilla (C/ob igerillita) dissimilis Cushman 
and Bermudez, McTAVISH, 1966, p. 9, pI. 2, 
figs . 15-17, 27-28, 30. 

Remarks.-The figured specimen, with low 
trochoidal test, 4 inHated, fairly rapidly enlarging 
hambers in the last whorl, lobed periphery and 

quadrate bulla extending from the last chamber 
across to the antepenultimate chamber with two 
arched openings, agree closely with the original 
description and illustration of the species. The 
preservation of the material does not reveal the 
presence of lips over the openings in the hulla. The 
ubspecific differentiation of C. dissimilis proposed 

by Blow and Banner (1962) is not recognised in 
the present study. It is a rare form in my material. 

Occllrrellce.-C. dissimilis was originally de
scribed from the Eocene of Cuba. The reported 
stratigraphic range of the species is from the upper 
part of the Middle Eocene to the Lower Miocene. 
It is a widely distributed representative of the 
genus. It is restricted to the C/obigerapsis semi
;1I 1'O/llta zone in the present area. 

Glohigerinita unicava (Bolli, Loeblich and T appan) 
C alllpsydrax IIlIicavIIs BOLLI, LOEBLICH and TAP

PAN, 1957, p. 37, pI. 7, figs. 9a-c; BOLLI , 
1957b, p. 166, pI. 37, figs . 7a-b; JENKINS, 1960, 
p. 356, pI. 3, figs. 7a-c. 

C/obigerillita IIlIicava (Bolli, Loeblich and Tap
pan), ECKERT, 1964, p. 1062, pI. 5, figs. 2a-c, 
3; SAMANTA, 1969, p. 332, pI. I , figs . 4a, c. 

C/obigerilla (C/ob igerinita) IIlIicava (Bolli , Loeb
lich and Tappan) , McTAVISH, 1966, p. 9, pI. 
2, figs. 19, 22-23. 

Remarks.-It is a common form of the genus 
here. The present specimens agree closely with 
those of C. IInicava recorded from the Eocene suc
cession of the Garo Hills (Samanta, 1969). 

Occllrrence.-This Middle Eocene-Lower Mio
cene form has been reported from widely separated 
localities. It 'ranges from the C/obigerapsis semi
illvo/llta to the C/obigerina gortanii zone here. 

G enus Globigerapsis Bolli, Loeblich 
and Tappan, 1957 

Globigerapsis tropicalis Blow and Banner 

Plate 6, figures 21 -23 

C/obigerapsis tropicalis BLOW and BANNER, 1962, 
pp. 124-125, pI. 15, figs. D-F; ECKERT, 1964, 
p. 1063 , pI. 7, figs. 5a-c; FERRER, 1967, pI. 4, 
figs. 2-5. 

Remarks.-In the original description of G. trop
ica/is, Blow and Banner stated that the ad ult test of 
their form possesses 3 to 4 apertural openings. 
Later, Eckert (1964) and Ferrer (1967) recorded 
G. tropicalis from the European Upper Eocene as 
possessing only 2 to 3 apertural openings. The 
specimen figured here, the only well-preserved 
specimen of C. tropica/is in my material, with its 
2 apertural openings resembles more closely the 
European specimens than the holotype of the species. 

The difference between C/obigerapsis tropicalis 
and the closely related G. semi-ill vo/uta (Keijzer) 
has been discussed in detail by Blow and Banner 
(1962) and Eckert (1964). According to its authors 
G. tropicalis is probably ancestral to Keijzer's form. 

Occurrence.-G. tropicalis was described from 
Tanganyika, East Africa, where it ranges from 
Middle Eocene to the lower part of the Upper 
Eocene. According to its authors it also occurs in 
the Middle-Upper Eocene of the Caucasus and 
Trinidad. It has been recorded from the lower part 
of the Upper Eocene in Switzerland and Spain and 
its occurrence has been reported from the Upper 
Eocene of Syria. It is restricted to the C /obiger
apsis semi-illvoluta zone in the present area. 

EXPLANATION OF PLATE 7 
All figures approximately X 120. 

FIGS. 
1, 2. 
3-5. 

6, 7. 
8. 

9, 10. 
11 , 12. 

PAGE 
31 C/obigerina ampliaperlura Bolli. 1, ventral view. 2, dorsal view. From sample 43 ... 

G/obigerina senilis Bandy. 3, ventral view. 4, peripheral view. 5, dorsal view. From 
sample 45. . ................ .... ... .................... ............................ ......................... .. .......................... .. 
C/obigerillalheka GP. cf. G. barri Bronnimann. Peripheral views. From sample 45. 
Halllkenina a/abamensis Cushman. Side view. From sample 44 . ...................................... . 
C/obigerina corplI/ellla Subbotina. 9, ventral view. 10, peripheral view. From sample 45. 
C/obigerina gortallii (Borsetti). 11 , ventral view. 12, peripheral view. From sample 45. 
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Genus Globigerinatheka Bronnimann, 195 2 
Globigerinatheka sp. cf. G. barri Bronnimann 

Plate 7, figures 6, 7 

Cf. Globigerillatheka barri BRONNIMANN, 1952 
(part), pp. 27-28, text-figs. 3a-c. 

Remarks.-Only one badly preserved specimen 
is recorded bere. It is characterized by the large, 
inflated last chamber covering the umbilicus and 
provided with four apertural openings, two of 
which are covered by bullae. The bullae over the 
other two openings are not preserved. Althougb 
the specimen appears to be specifically indistin
guishable from Globigerillatheka barri Bronni
mann, it is bere only tentatively identified , because 
of its rarity and poor preservation. 

OCCLIrrellce.-It occurs in the Globigerap"is semi
illvoillta zone. 

Family GLOBOROTALIIDAE Cushman , 19 27 
Genus Globorotalia Cushman, 1927 

Globorotalia centralis Cushman and Bermudez 
Globorotalia eelltralis CUSHMAN and BERMUDEZ, 

1937, p. 26, pI. 2, figs. 62-65 ; BOLLI, LOEBLICH 
and TAPPAN, 1957, p. 41 , pI. 10, figs. 4a-c; 
BOLLI, 1957b, p. 169, pI. 39, figs. 1-4; SAMANTA, 
1969, p. 333 , pI. 2, figs. 2a-c (synonymy) . 

OcclIrrellee.-This widely distributed , easily rec
ognisable Middle-Upper Eocene species occurs in 
the Globigerapsis semi-ill l'olllla and Cribrohallt
kellilla illfiata zones in tbe present area. It is less 
common here than in the material from tbe 
Garo Hills. 

Globorotalia cerro-azulensis (Cole) 

Plate 6, figures 24, 25 
Globigerina eerro-aZlIlensis COLE, 1928, p. 217, pI. 

I, fi gs. 11 -13. 
Globorotalia eocoaellsis CUSHMAN, 1928, p. 75 , pI. 

10, figs . 3a-c. 
Globorotalia eerro-aZlIletlsis (Cole) , BERM UDEZ, 

1949, p. 285, pI. 22 , figs. 27-29 ; SAMANTA, 
1969, p. 333, pI. 2, figs. la-c (synonymy) . 

Remarks.-It is a common distinctive species of 
Globorotalia in tbe material. The specimens show 
variation in tbe convexity of tbe ventral side of tbe 
test, tbe size of the last cbamber, and tbe acuteness 
of the peripbery. It attains the largest size among 
the representatives of tbe genus in tbe material. 

Occurrence.-Previously G. cerro-azu/ellsis was 
regarded as ranging to tbe top of tbe Upper Eocene. 
Later, Blow and Banner (1962) in the course of 
tbeir detail investigation on Mid-Tertiary plank
tonic foraminifera from Tanganyika, East Africa, 
found G. eerro-aZl/lellsis in their uppermost Eocene 
planktonic foraminiferal zone. Reiss and Gvirtz
mann (1966) have recorded a similar range for G. 
eerro-aZl/lellsis in Israel. In tbe present area also it 

occurs only in the Globigerapsis semi-ill volllla and 
Cribro/wlltkellilla illflata zones and is typically 
absent in the Globigerilla gortallii zone. 

Globorotalia gemma Jenkins 

Plate 6, figures 4, 5 
Globorotalia gemma JEN KINS, 1966a, pp. 1115-

1118, fi g. 11 , nos. 97-103; SAMANTA, 1969, p. 
334, pI. 2, figs. 3a-c (synonymy) . 

Remarks.-Witb their small , very low trochoidal 
test, lobed periphery, 4\-2 to 6 globular, gradually 
enlarging chambers in tbe last wborl, small umbil
icus and very low, arched aperture furnished with 
a lip, the present specimens agree closely witb the 
type description and illustrations of G. gemma. In 
comparison to specimens recorded from tbe Garo 
Hills, the prese nt ones resemble tbe bolotype of G. 
gemma more closely in baving a fl at dorsal side 
and lower aperture. The present assemblage shows 
a simi lar range of variation to that observed in tbe 
New Zealand populations of G. gemma by Jenkins 
(1966a) . 

Oecllrrellce .-The reported stratigraphic range 
of G. gemma is Upper Eocene-Oligocene. In the 
present area it is restricted to the Globigerilla 
gortallii zone, where it is the most abundant repre
sentative of tbe genus. 

Globorotalia increbesccns (Bandy) 

Plate 6, figures 26, 27 

Globigerilla illerebescells BANDY, 1949, pp. 120-121 , 
pI. 23, figs. 3a-c; TODD, 1966, p. I 33, pI. 11 , 
fig. 1. 

Globorotalia (Tl/rborotalia ) illerebeseells (Bandy), 
BLOW and BANNER, 1962, pp. 118-119, pI. 13, 
figs. T-V, pI. 17, figs. D , K, text-figs. 9 (xiii
xv). 

Globorotalia illerebeseells illerebeseells (Bandy ), 
BANDY, 1964, p. 7, text-fig. 5 (7) . 

R emarks.-Tbe figured specimen, witb gently 
convex dorsal side and strongly convex ventral side, 
4 inflated, slowly enlarging cbambers in tbe last 
whorl, broad ly rounded periphery, small, sballow 
umbilicus and arcbed aperture extending from nm
bilical region to near the peripbery, agrees closely 
witb tbe original description and illustration of G. 
illerebeseells. It also resembles very closely the 
specimen of G. illerebeseells illustrated by Todd 
(1966) from Guam. 

Originally described as a Globigerilla, it was later 
transferred to tbe genus Globorotalia because of its 
umbilical-extraumbilical aperture. In general fea
tures G. illerebeseells sbows some resemblance to 
G . eelltralis Cushman and Berml,dez, from which 
it can easily be distinguished by tbe shape of the 
test and tbe character of the aperture. Tbe clo~ 
relationsbip of the species to Globorotalia opima 
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Ilalla Bolli has been discussed by Blow and Banner 
(1962), who have suggested the evolution of G. 
illcrebescells from Bolli's form. 

Occurrellce.-Originally described from the Lit
tle Stave Creek section in Alabama, where it was 
shown to range from the Tallahatta formation 
(Middle Eocene) to the Mariana Limestone (Oligo
cene). Later, Blow and Banner ( 1962) found it to 
range from the Upper Eocene to the Oligocene in 
East Africa and postulated its evolution from Glo
borolalia opima Ilana Bolli during the Upper Eo
cene. It is restricted to the Globigerilla gorlallii 
zone in the present area. 

Globorotalia opima nana Bolli 

Plate 6, figures II , 12 

Globorolalia opima Ilalla BOLLI, 1957a, p. 118, pI. 
28, figs. 3a-c; SAMANTA, 1969, p. 334, pI. 3, 
figs. 4a-c (synonymy) . 

Remarks.- Bolli (1957a ) described G. opima 
Ila lla from the Cipero formation of Trinidad and 
compared it with G loborolalia mayeri Cushman 
and Ellisor and G. opima opima Bolli , both occur
ring in the Cipero formation . Later, several work
ers have doubted the validity of Bolli's form. 
Jenkins (1960, p. 366) considered it to be a juve
nile form, while Bermudez (1961 , p. 1.322) in-
luded it in the synonymy of G loborolalia illcreb

'SceIlS (Bandy). Although it is accepted that G. 
opima lIana and G. illcrebescens resemb1e each 
other, they are here treated as distinct species. 

It is a common form of Globorolalia in tbe pres
ent material. Here, G. opima Ilalla can readily be 
distinguished from G. illcrebescells by its flatter 
dorsal side, more restricted umbilicus and much 
lower aperture. The stratigraphic ranges of the 

o forms are also different in the present area . 
Occurrence.-The reported stratigraphic range 

of G. opima Ilona is Middle Eocene to basal Mio
cene. It ranges from the G lobigerapsis semi-in vol

a to the Globigerilla gorlallii zone in the present 
lerial. It is the only representative of Globoro

fDlia that occurs in all three zones here. 

Globorotalia permicra Blow and Banner 

Plate 6, figures I 5- 17 
Globorolalia (Turborolalia) penl1icra BLOW and 

BANNER, 1962, p. 120, pI. 12, fi gs. N-P. 

Remarks.-With its minute plano-convex test, 
ut 5 inflated , graduall y enlarging chambers in 
last whorl , rounded periphery and arched aper

furnished with a narrow lip, Globorotalia 
,,"micra Blow and Banner is a distinct form of the 
lI"'us in the material. The specimen figured here 
_ es closely with the illustration of the holotype 

of G . permicra. The smallest species of Globoro
talia here, it is rare in my material. 

Although Blow and Banner (1962, p. 120) com
pared their new species with Globorolalia millillis
sima Bolli , characterized by very low trochospiral, 
a lmost equally convex, umbilicate test, the two 
species seem to be completely unrelated and be
long to two different groups of forms. 

Occurrellce.- G. permicra was described from 
Tanganyika, East Africa, where it ranges from the 
Globigerilla gorlallii zone, uppermost Eocene, to 
the G. selli zone, Oligocene. Its occurrence in the 
Cipero formation of Trinidad , Rupelian of Ger
many and lower Aquitanian of France has been 
mentioned by Blow and Banner. G. permicra was 
later reported from the Oligocene of Syria . It is 
restricted to the Globigerilla gorlallii zone in the 
present material. 

Family HANTKENINIDAE Cushman , 1927 
Genus Hantkcnina Cushman , 1925 
Hantkcnina alabamensis Cushman 

Plate 7, figure 8 

Halllkenilla alabamell sis CUSHMAN, 1925, pp. 3-4, 
pI. I , figs . 1-6, pI. 2, fig. 5, text-fig. I ; SAMANTA, 
1969, p. 338, pI. 3, figs. 3a-b (synonymy). 

Remarks.-Although it is represented by only a 
few badly preserved specimens, this distinctive spe
cies is easily recognized in the material. The pres
ent specimens compare well with those of H. ala
bamellsis recorded from the Garo Hills (Samanta , 
1969) , where the species is represented by abun
dant well preserved specimens. 

Occurrellce.-This is a widely distributed Middle 
(Upper part) to Upper Eocene species. According 
to Blow and Banner ( 1962) , it does not range to 
the uppermost Eocene. In the present material it 
ranges from the Globigerapsis semi-ill voluta to the 
Cribrolwlllkellina illflata zone. 

Genus Pseudohastigcrina Banner and Blow, 1959 
Pseudohastigerina micra (Cole) 

NOllioll lIlicrus COLE, 1927, p. 22, pI. 5, fig. 12. 
Pseudolwsligerilla micra (Cole), BANN ER and BLOW, 

1959, pp. 19-20, text-figs . 4g-i ; SAMANTA, 1969, 
p. 342, pI. I , figs . 6a-b (synonymy). 

Remarks.-Well preserved specimens, closely 
comparable to those recorded from the Garo Hills 
(Samanta, 1969), are present in the material. The 
number of chambers in the last whorl and the 
compression of the chambers vary in the present 
specimens. 

Occurrellce.-This is a common planktonic for
aminifer of Middle Eocene-Middle Oligocene age. 
It ranges from the Globigerapsis semi-illvolula to 
the Globigerina gorlallii zone in the present material. 
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RECENT LITERATURE ON THE FORAMINIFERA 

Below are given some of the more recent works 
on the Foraminifera tbat have come to hand . 

ARNAUD-VANN EAU, ANNtE. Quelques precisions 
concernant I'appareil embryonnaire du genre 
Palorbitolina Schroeder.-Revue de Micro
paleontologie, v. 12, No. I , June 1969, p. 16-
20, pI. I , text figs. 1-3 (d iagrams). 

AYALA-CASTANARES, AGUSTIN, and SEG URA , LUIS R. 
Ecologia y distribucion de los Foraminiferos 
Recientes de la Laguna Madre, Tamaulipas, 
Mexico.- Univ. Nac. Auto. Mexico, Instil. 
Geol., Bol. No. 87, 1968, p. 1-89, pis. 1-8, text 
figs. 1-29 (maps), tables I-IO.-Thirty-four 
identified species, none new, in tbis hypersaline 
coasta l lagoon in its final evolutionary stages . 

AZEMA, JACQUES, FERNEX, FRANCOIS, H OTTINGER, 

LUCAS, MAGN E, J EAN, and PAQUET, JACQUES. 
Borelis m elo (Fichtel et Moll) dans Ie Mio
cene de la partie orientale des Cordilleres 
betiques (Espagne) .- Bull. Soc. Geol. France, 
ser. 7, v. 10, No.4, 1968 (July 1969), p. 444-
448, pI. 28, text fig. 1 (map). 

BANDY, ORVILLE L. , BUTLER, E. ANN, and WRIGHT, 
RAMIL C. Alaskan upper Miocene marine 
glacial deposits and tbe Turborotalia paclly
derma datum plane.--Science, v. 166, No. 
3905, Oct. 31, 1969, p. 607-609, text figs. 1, 2 
(map, stratigraphic sections, stere03can photos). 
-Abrupt appearance of left-coiling T. paclly
derma, evolving from T. contilluosa, at bound
ary between middle and upper Miocene, ac
com panied by decrease of 10· C, indicates 
polar glaciation. 

BANDY, ORVILLE L., and CASEY, RICHARD E. Major 
Late Cenozoic planktonic datum planes, Ant
arctic to the Tropics.-Antarctic Jour. of U .S., 
v. 4, No.5 , Sept.-Oct. 1969, p. 170-171, text 
fig . 1 (range chart). 

BANDY, O. L., MORIN, R. W., and WRIGHT, R. C. 
Definition of tbe Catapsydrax sllliniortlii Zone 
in the Saucesian Stage, California.-Nature, v. 
222, No. 5192, May 3, 1969, p. 468-469, text 
figs. 1,2 (range chart , stereoscan photos). 

BANDY, ORVILLE L., VINCENT, EDITH, and WRIGHT, 
RAMIL C . Chronologic relationships of orbul
ines to the Globorotalia lollsi lineage.-Rev. 
Espanola Micropa1eontologia, v. 1, No. "2, 
1969, p. 131 -145, pis. 1, 2, text figs . 1-3 (range 
charts ) .-A polyphyletic origin of orbulines 
is supported by the later appearance of orbul
ines in some areas than in the tropics, by the 

development of different species inside orb uline 
chambers, and by differences in wall structure. 

BANERJEE, D., and KINDRA, G . S. Microforami
nifera from Paleogene subcrops of India.
Quart. Jour. Geol., Mining Metall. Soc. India, 
v. 40, No. 2, June 1968, p. 89-91, 1 pl.- Re
sistant to HC!. 

BAUMANN, PAUL, and ROTH, P ETER H . Zonierung 
des Obereozans und Oligozans des Monte 
Cagnero (Zentralapennin ) mit planktonischen 
Foraminiferen und Nannoplankton.-Eclogae 
Geol. Helveti ae, v. 62 , No.1, Jul y 31, 1969, 
p. 303-323, text figs . 1, 2 (map, range chart) . 
-Correlation between planktonic Foramini
fera zones and nannoplankton zones. 

BELYAEVA, N. V . Thanatocoenoses of planktonic 
foraminifers on the Pacific floor (in Russian) . 
-Akad . Nauk SSSR, Okean. Komiss., Okean
ologija, tom 9, vyp. 3, 1969, p. 500-504, text 
fig. I (map). 

BIGNOT, G., and LARSONNEU R, C. Etude du Cre
tace Superieur au large du Cotentin et re
marques sur les Planorbulina du Cretace Su
perieur et du Paleocene.-Revue de Micropa
leontologie, v. 12, No. I , June 1969, p. 25-39 , 
pis. 1-3, text figs. 1-7 (drawi ngs), table 1 
(check list), map.--Study based on 250 sub
marine samples from off Cotentin of Senonian 
and Maestrichtian age . 

BOLLI , HANS M. Zonacion de sedimentos marinos 
del Cretaceo basta el Plioceno basada en Fo
raminiferos planctonicos.- Instit. Mexicano 
del Petroleo, Publ. No. 69 AE/ 047, 1969, p. 
1-36, tables 1-4. 

BOLTOVSKOY, ESTEBAN. Tanatocenosis de Forami
niferos planctonicos en el estrecho de Mozam
bique.-Rev. Espanola Micropaleontologia, v. 
I, No.2, 1969, p. 11 7-129, pis. 1-3.-Thirty
two species. 

BRONNIMANN, PAUL, and CONRAD, MARC A. Re
marks on the morphology and occurrence of 
Pseudotextulariella? scarsellai ( De Castro) in 
the Lower Cretaceous of the Geneva region.
Geologica Romana, v. 7, 1968, p. 95-105, pis. 
1, 2, text figs. 1-4 (drawi ngs) . 

BROUWER, J . Foraminiferal assemblages from the 
Lias of north-western Europe.-VerhandL 
Kon. Nederl. Akad. Wetenschappen, Afd_ 
Natuurkunde, Eerste Reeks, Deel 25 , No.4, 
1969, p. 1-64, pi s. 1-8, text fi gs. 1-4 (map, 
tables, graphs) , tables 1-4.-0ccurrence in 
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numerous areas from beds ranging from Het
tangian to Toarcian is recorded for 100 spe
cies. Many names are included in synonymy. 

BUZAS, MARTIN A. Foraminiferal species densities 
and environmental variables in an estuary.
Limnology and Oceanography, v. 14, No.3, 
May 1969, p. 411-422, text figs. 1-10 (map, 
graphs), tables 1-6.-Quantitative study of re
lationships between species densities of Elphid
ium c1ava/um, Ammobaculi/es exigulls, and 
A mmollia beccarii and environmental variables 
in the Choptank River. Three stations were 
sampled monthly for temperature, salinity, 
oxygen, and chlorophyll a, b, and c. Density 
of E. clavatum decreased upstream; density of 
the others varied little. 

CAMACHO, HORACIO H. Paleontografia Bonaerense, 
fasc. III. Invertebrados.-Prov. Buenos Aires, 
Com. Invest. Cien., La Plata , 1966, 159 p., 19 
pls.--Catalog includes Foraminifera (p. 3-35, 
pIs. 1-3) . 

CHANG, L1-SHO. A biostratigraphic study of the 
Tertiary in the Coastal Range, eastern Taiwan, 
based on smaller Foraminifera (Ill: middle 
part) .- Proc. Geol. Soc. China, No. 12, April 
1969, p. 89-101, pIs. 1-6, text figs. 1, 2 (map, 
outcrop photo) , tables 1-8 (check lists, correl. 
chart) .-Upper Miocene Foraminifera (about 
300 species) illustrated and their occurrence 
and abundance plotted on check lists. 

CITA, MARIA BIANCA, and PREMOLI SILVA, ISABELLA. 
Sui Foraminiferi incontrati in un pozzo perfo
rato nella Laguna di Venezia.-Mem. Bio
geografia Adriatica, v. 7, 199-67, p. 29-51, pIs. 
I , 2, text figs. 1-9 (map, columnar section, 
drawings, graphs).-Fauna from well boring 
in Venetian lagoon is dominated by Ammonia 
beccarii-. 

CLOSS, DARCY, and MADEIRA, MARLY LOPES. Sea
sonal variations of brackish Foraminifera in 
the Patos Lagoon, southern Brazil.-Univ. 
Federal Rio Grande do SuI , Escola Geol. , 
Publ. Espec. No. 15, 1968, p. 1-51, pIs. 1-5, 
text figs. 1-14 (map, graphs), tables 1, 2 
(charts of occurrence and abundance).-Quan
titative study based on 2 stations, collected sea
sonally; 46 species are recorded. Vari ations in 
sa linity and temperature are recorded. Total, 
living, and dead populations are determined . 

CONRAD, MARC A. Les calcaires urgoniens dans la 
region entourant Geneve.-Eclogae Geol. Hel
vetiae, v. 62, No. 1, July 31, 1969, p. 1-79, pIs. 
1-7, text figs . 1-25 (diagrams, map, classifica
tion chart, drawings, range chart), table 1.
Barremian and lower Aptian Foraminifera on 
an epicontinental shelf; 5 zones are recognized . 

CUVILLlER, JEAN, FOURY, GENEVIEVE, and PIGNATII 

MORANO, ALESSANDRO. Foraminiferes nou
veaux du Jurassique Superieur du Val Cellina 
(Frioul Occidental , Italie) .-Geologica Rom
ana, v. 7, 1968, p. 141-156, pIs. 1-3 , text figs. 
1-3 (stratigraphic section, drawings) .-Two 
new subgenera of the orbitDlinid genus Urgonia, 
and 2 new species. 

DABAGIAN, N . V., and KULCHIZKY, J. O. Planctonic 
foraminifers of a new facies variety from the 
Cretaceous of the Rahov Zone (the Ukrainian 
Carpathians) (in Russian with English sum
mary).-Izdat. L 'vov. Univ., Paleont. Sbornik, 
No. 5, vyp. 1, 1968, p. 10-17, pis. 1, 2.-Seven 
species, 1 new. 

DALLAN NARDI, LAURA. I Microforaminiferi del 
"Macigno" di Calafuria (Monti Livornesi).
Boll. Soc. Geol. Ital., v. 87, fasc. 4, 1968, p. 
611-621 .-Foraminifera indicate Paleogene
Aquitanian age. 

DASGUPTA, AMAL. On the occurrence of Disco
cyclina omphalus (Fritsch) from middle Eo
cene of Cutch, western India.-Geol. Soc. 
India Bull., v. 6, No. 2, April 1969, p. 54-57, 
text figs. 1-3 (photomicrographs). 

D ELOFFRE, R., and HAMAOUI, M. Biostratigraphie 
des "Breches de Soumoulou" et description de 
Pseudobroeckillella sOllmoulollellsis n. gen., n. 
sp., Foraminifere du Cretace Superieur d'Aqui
taine.-BuH. Centre Recherches de Pau, v. 3, 
No.1, May 31, 1969, p. 5-31, pIs. 1-8, text 
figs . 1-3 (diagrams).-A large imperforate 
foraminifer belonging in the Soritidae. 

DHILLON, D. S. Notes on the foraminiferal sedi
ments from the Lupar and Labuk estuaries, 
East Malaysia.-Geol. Survey Borneo Region, 
Malaysia, Bull. 9, Geol. Papers 1967, 1968, p. 
56-73, pI. 1, text figs. 1-3 (maps, graphs), 
tables 1-3.-Fauna of Lupar estuary is pre

. dominantly calcareous, that of Labuk is pre-
dominantly arenaceous. Quantitative analyses 
are included. 

DJANELIDZE, O. The intraspecific variability of 
some foraminifers of the middle Miocene of 
Georgia (English abstract of Russian text).
Akad. Nauk Gruzin. SSR, Instit. Paleobiol. , 
1968, p. 53-62, pIs. 1-3 . 

DOUGLAS, ROBERT G., and RANKIN , CLAY. Creta
ceous planktonic Foraminifera from Bornho!m 
and their zoogeographic significance.-Lethaia , 
v. 2, Sept. 15, 1969, p. 185-217, text figs. 1-18 
(maps, range chart, drawings, graph), tables 
1, 2.-Two assemblages, middle to early upper 

~. Cenomanian and lower Senonian. Two species 
are new. 

DULUB, V. G. Foraminifera of tbe genus Vagillul
ina from the Lower Cretaceous beds of Volyno
Podolian borderland of the Russian platform 
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and Forecarpathian depression ( in Russian 
with English summary).-Izdat. L'vov. Univ ., 
Paleont. Sbornik, No.5, vyp . I, 1968, p. 3-9, 
I pl.-Five species, I new. 

FtSHER, M. 1., FUNNELL, B. M., and WEST, R. G . 
Foraminifera and pollen from a marine inter
glacial deposit in the western North Sea.
Proc. Yorkshire Geol. Soc. , v. 37, pt. 3, No. 
14, Aug. 14, 1969, p. 311-320, text fig. 1 
(map) , tables 1, 2.-Species listed indicating 
middle Pleistocene. 

FRERICHS, WILLIAM E . Recent arenaceous fora
minifers from Gulf of Mexico.-Univ. Kansas 
Paleont. Contr. , Paper 46, Oct. 1, 1969, p. 1, 
2, pis. 1, 2.- Three new specie. from deep 
water. Ammoglobigerilloides n. gen. (type 
species A. deiJiscells n. sp.) and PselldotrociJ
ammina n. gen. (type species P. triloba n. sp.) 
in the Trochamminidae . 

GAGIC, NADEZDA. La microfaune Tortonienne et 
Sarmatienne inferieure des environs plus larges 
de Koceljevo (Serbie Occidentale) (French 
resume of text) .-Instit. Recherches Geol. 
Geophys ., Vesnik (Geol.) , ser. A, v. 26, 1968, 
p. 229-242, pis. 1-5, text figs. 1-3 (stratig. col
umn, map, graph), table 1 (check Iist) .-II
lustrations of Foraminifera. 

G ONZALEZ-DoNOSO, J. M. Donnees nouvelles sur 
la texture et la structure du test de quelques 
Foraminiferes du bassin de Grenade (Espagne). 
-Revue de Micropaleontologie, v. 12, No. 1, 
June 1969, p. 3-8, pis. 1, 2.-Photomicro
graphs of thin sections. 

GREtNER, GARY O. G . Recent benthonic Forami
nifera: Environmental factors controlling their 
distribution.- Nature, v. 223, No. 5202, July 
12,1969, p. 168-170, text fig. I (map).- Type 
of wall may be limited by amount of avail
able CaC03. 

GUDINA, V. I., and SAIDOVA, KH. M. Biostrati
graficheskaja Zona Miliolill ella pyriformis v 
Chetvertichnyk h Otlozhenijakh Arktiki.-Dok
lady Akad. Nauk SSSR, Tom 185, No. 5, 1969, 
p. /109-1111 , text figs . I, 2 (drawings).
Tappallella gen. nov. (type species Glandulilla 
laevigata of Gudina 1966 ) . 

HAYN ES, JOHN , and DOBSON, MAX. Physiography, 
Foraminifera and sedimentation in the Dovey 
estuary (Wales) .-Geological Jour. , Liver
pool , v. 6, pt. 2, 1969 , p. 217-256, pis. 17-20 
( photos ), text figs . 1-1 7 (maps, graphs, pro
files, di agra ms), tables I, 2.- Areal distribu
tion of Foraminifera is used in interpreting the 
vertica l sequence found in boreholes. 

HAZEL, JOSEPH E. Faunal evidence for an uncon
formity between the Paleocene Brightseat and 

Aquia Formations (Maryland and Virginia). 
- U. S. Geol. Survey Prof. Paper 650-C, 1969, 
p. 58-65, text figs. 1-5 (map, strat. section, 
range charts, correl. diagram) , table 1 (check 
list) .-A disconformity equivalent to two 
planktonic zones separates the Brightseat from 
the Aquia. 

HILTERMAN N, H EINRICH. Stratigraphy and micro
fauna in the Miocene of the Ukrainian Sub
carpathians.-Rev. Espanola Micropaleontol
ogia, v. 1, No. 2, 1969, p. 181-194, pI. 1, text 
figs. 1,2 (map, range chart).-Based on well 
drillings. Subdivided into four bionomicalunits. 

HORNIBROOK, N. DE B. Foraminiferal biostratig
raphy, ill Geology of the Clifden section.
New Zealand Geol. Survey Bull. , n. ser., No. 
79, 1969, p. 98-110, table II (check list and 
range chart), text figs . 43-46 (drawings).-I1-
lustrations of bioseries in the Miocene. 

HOTTINGER, LUCAS. Foraminiferes benthoniques 
du Bassin Cot ier de Tarfaya. 1. Foraminiferes 
flabelliformes du Cretace Superieur.-Service 
Geol. Maroc, Notes et Mem., No. 175, Tome 
II, Paleontologie, 1966, p. 181-201, pis. 1-4, 
text figs. 1-8 (drawi ngs, graphs).-Three spe
cies, 2 new, and 2 subspecies, both new, from 
the Santonian and Coniacian. 

Foraminiferes benthoniques du Bassin Cotier de 
Tarfaya. 2. Quelques Foraminiferes benthon
iques du Campanien .-Service Geol. Maroc, 
Notes et Mem., No. 175, Tome IT, Paleontol
ogie, 1966, p. 203-219, pis. 5-7 , text figs. 9-14 
(drawings) .- Many species illustrated ; 19 are 
discussed, none new. 

Foraminiferes benthoniques du Bassin Cotier de 
Tarfaya. 3. Sur Ie phylum R obllilis incislis 
Lys.-Service Geol. Maroc, Notes et Mem., 
No. 175, Tome 11, Paleontologie, 1966, p. 221-
225, text figs. 15, 16 (d rawings ).-Robllilis 
praeincisus in the Coniacian and R. illcisus in 
the Paleocene or top Maestrichtian. 

Foraminiferes benthoniques du Bassin Cotier de 
Tarfaya. 4. Les Nummulites d'un Galet du 
Moghrebien de la Sebkha el Khemira.-Serv
ice Geol. Maroc, Notes et Mem., No. 175, 
Tome 11, Paleontologie, 1966, p. 227-230, texl 
figs. 17, 18 (d rawings). 

HUANG, TUNYOW. Some planktonic foraminifers 
from a bore at Shihshan, near Taitung, Taiwan. 
-Proc. Geol. Soc. China, No. 12, April 1969 
p. 103-118, pis. 1-4, text figs . 1,2 (electric log, 
map), tables 1, 2.-Early Pliocene age. 

ITURRALDE-VIN ENT, MANUEL A. Principal charac
teristics of Cuban Neogene stratigraphy.
Bull. Amer. Assoc. Petro Geol., v. 53, No.9, 
Sept. 1969, p. 1938-1955, text figs. 1-13 (cor-
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reI. diagram, map, geol. sections, strat. sec
tions, paleogeogr. maps), table I (check list) . 

JARZEVA, M. W., LOTSCH, DI ETER, and NEMKOV, 
G. I. Zur Nummulitenfauna des mittleren 
und Hoheren Eozans der Deutschen Demo
kratischen Republik.-Geologie, Berlin, J ahrg. 
17, Heft 4, 196B, p. 4IB-459, pIs. 1-9.-Four 
species . 

KAESLER, ROGER L., and FISHER, WILLIAM L. Pop
ulation dynamics of Triticites velltricosus 
(Fusulinacea), Hughes Creek Shale, Kansas. 
-Jour. Pal., v. 43 , No.5, Sept. 1969, p. 1122-
1124, text figs . 1, 2 (graphs), table I. 

KASIMOVA, G . K., and ALlEVA, D. G . Novye Pred
staviteli Miliolid iz Jurskikh Otlozhenij Azer
baidzhana.-Akad. Nauk Azerbaid. SSR, Dok
lady, Tom 25, No.5, 1969, p. 39-42, text figs . 
I-B.-Three new species of Spirophthalmidium 
from the J lIrassic. 

KENA WY, ABBAS. Die Grossforaminiferen des bay
erischen Ultrahelvetikums.-Geol. Bavarica, 
No. 56, 1966, p. 103-176, pIs. 1-19, text figs. 
I-B (maps, diagrams) .-Mostly nummulites. 

KENNETT, lAMES P. Foraminiferal studies of 
southern ocean deep-sea cores.-Antarctic 
Jour. of U.S., v. 4, No.5 , Sept.-Oct. 1969, p. 
17B-179, correl. chart.-Eight intervals of cli
matic warming during the last 1.2-1.3 million 
years, and 3 faunal zones: Globorotalia punc
liculata, G. inf/ata, and G. trullcatulinoides. 

KOEHN-ZANINETTI, LOUISETTE, and BRONNIMANN, 
PAUL. Sur la presence de Foraminiferes por
celanes perfores dans Ie Trias alpin.-Riv. Ital. 
Paleont. Stratig., v. 74, No.4, 196B, p. 1057-
1062, pI. 67.-Quinquelocul ine and biloculine 
forms of indeterminate genus. 

KRASHENINNIKOV, V. A. Geographical and strati
graphical distribution of planktonic foramini
fers in Paleogene deposits of tropical and sub
tropical areas (in Russian) .-Acad. Sci. USSR, 
Geol. Instit., Trans., v. 202, 1969, p. I-IBB, 
tables 1-9. 

LE CALVEZ, YOLANDE. Les Foraminiferes du Pale
ogene des sondages de Chaignes, Montjavoult, 
Cires-Ies-Mello-Le Tillet et Ludes (Bassin de 
Paris).-Mem. B. R. G. M., Colloque sur 
I'Eocene, Paris, May 196B, v. II , No. 59, 1969 , 
p. 101-106, range chart.-Ranges between 
Thanetian and Oligocene are shown for abou t 
200 species. 

LEHMANN, ROGER. Les Foraminiferes pelagiques 
du Cretace du Bassin Cotier de Tarfaya. I. 
Planomalinidae et Globotruncanidae du Sond
age de Puerto Cansado (Albien Superieur, 
Cenomanien Inferieur) .--Service Geol. Maroc, 
Notes et Mem., No. 175, Tome 11, Paleontol-

ogie, 1966, p. 153-167, pIs. 1, 2, text fig. 1 
(drawings) .-Eleven species, R otalipora klausi 
new, from upper Albian. 

Les Foraminiferes pelagiques du Cretace du Bas
sin Cotier de Tarfaya. 2. Globotrullcana COIl

cava/a (Brotzen) dans la coupe de la Sebkha 
Tah.--Service Geol. Maroc, Notes et Mem. , 
No. 175, Tome II, Paleontologie, 1966, p. 169-
171, text fig. 2 (drawings) .-Variation illus
trated by material from Santonian and Coni
acian. 

Les Foraminiferes pelagiques du Cretace du Bas
sin Co tier de Tarfaya. 3. Discussion taxonom
ique et repartition stratigraphique de quelques 
Foraminiferes pelagiques Cretaces dll Bassin 
Cotier de Tarfaya.--Service Geol. Maroc, 
Notes et Mem., No. 175, Tome II, Paleontol
ogie, 1966, p. 173-175. 

LtEM, NGUYEN VAN . Some Triassic Foraminifera 
from Hoang Mai limestone, Nghe An prov
ince, North Vietnam.-Acta Sci. Vietnam., Sec. 
Sci. BioI. Geogr. Geol., Hanoi , tom I, 1966, p. 
37-44, pI. I.-Eight species (6 new) , I new 
subspecies and a forma. 

New fusulinids from Quy Dat, Central Vietnam. 
-Acta Sci. Vietnam., Sec. Sci. BioI. Geogr. 
Geol., Hanoi, tom I, 1966, p. 45-4B, text figs. 
1, 2 (photomicrographs, phylogenetic dia
gram) .-Quydatella gen. nov. (genotype Q. 
stafJellaeformis sp. nov.) and PalaeostafJella 
subgen. nov. of Pseudoelldothyra (genotype 
StafJella moelleri Ozawa). 

LIPPS, JERE H . Tertiary plankton from the Clip
perton fracture zone, equatorial East Pacific.
Geol. Soc. America Bull., v. BO, No.9, Sept. 
1969, p. IBOI-IBOB, text figs. 1-5 (maps, zone 
chart), table I.-Lower Miocene to Holocene 
in 10 deep-sea cores, correlated with the plank
tonic zonation and European and Californian 
stages. 

MAGNE, A., and ESPITALIE, J. Un nouveau procede 
de preparation pour la photographie des mi
crofossiles degages.-Revue de Micropaleon
tologie, v. 12, No. 1, June 1969, p. 63-65, pI. 
I.-Using a kind of colorless glaze. 

MAISURADZE, L. S. Some data on the variability 
of the Sarmatian Miliolidae and Nonionidae 
of the West Georgia (English abstract of Rus
sian text) .-Akad. Nauk Gruzin. SSR, Instit. 
Paleobiol., 196B, p. 63-74, pIs. 1-3. 

MARTINEZ DIAZ, CARLOS. Estudio Micropaleontol
ogico de Cuatro Cortes del Miocene de Murcia 
(Espana) .-Rev. Espanola Micropaleontologia, 
v. 1, No.2, 1969, p. 147-lBO, pIs. I-B, text figs. 
I , 2 (map, stratigraphic sections), check list. 
-Check list of 2BB benthonic and 76 plank-
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tonic species in the uppermost Miocene ("EI
veziano" to Andalusian); many species illus
trated. 

MARTINEZ P ., RUBEN. Edad y paleoecologia del 
"Piso de Millongue."-EI Terciario de Chile, 
zona central, Soc. Geol. Chile, 1968, p. 125-
141 , pis. 1, 2, text figs. 2, 3 (map, correl. dia
gram) .-Middle Eocene planktonics illustrated. 

Zonaci6n preliminar del Terciario de Chile Cen
tral mediante foraminiferos planct6nicos y su 
correlaci6n regional y transcontinental.-EI 
Terciario de Chile, zona central, Soc. Geol. 
Chile, 1968, p. 191-203 , text fig. 1 ( range 
chart and correl. table) .-Ranges in Chile be
tween Paleocene and Pleistocene shown for 
46 planktonic species . 

Foraminiferos y evoluci6n de la linea de costa 
holocenica en la zona de Concepci6n.-EI Ter
ciario de Chile, zona central, Soc. Geol. Chile, 
1968, p. 211-257, pI. I , text figs . 1-4 (maps, 
graphs) .-Three superposed Foraminifera bio
facies, representing ancient coastal zones on a 
thick coastal plain deposit, interpreted as three 
stages in tbe Flandrin transgression between 
9,400 and 1,600 years B. P . 

MARTIN EZ P. , RUBEN, and OSORIO 0., ROBERTO. 
Foraminiferos pliocenicos de Cbile Central. 
II. Edad y paleoecologia de 1a formacion 
Tubul.-EI Terciario de Chile, zona centra l, 
Soc. Geol. Chile, 1968, p. 155-1 65, text figs. 
1, 2 (map, drawings).-Middle Pliocene Fo
raminifera. 

MARTI NEZ P., RUBEN, and PARADA R., CARMEN. 
Foraminiferos Pliocenicos de Cbile Central. 
III. Foraminiferos Pliocenicos de San Sebas
tian (Laguna de los Patos), Provincia de San
tiago.-EI Terciario de Chile, zona central, 
Soc. Geol. Chile, 1968, p. 167-189, pis. I , 2, 
text figs . A, B (map, section) .-Middle Pl i
ocene Foraminifera listed and illustrated . The 
fauna, dominated by Bolivilla argelllea, indi
cates poor oxygen and low salinity. 

MEDIZZA, FABIO. I Generi Bolivilloides, Aragollia 
e Neo{labellilla (Foraminifera) nelle formazi
oni Cretaceo-Eoceniche del Veneto.- Mem. 
Istit. Geol. Min. Univ. Padova, v. 26, 1967-68, 
1969, p. 1-44, pi s. 1, 2, text figs. 1-6 (map, cor
reI. diagram, range chart, phylogenetic dia
gram, drawi ngs) .--Sixteen species, 1 Neo
{labellilla new. 

MELLO, JAM ES F . Foraminifera and stratigraphy 
of the upper part of tbe Pierre Sbale and lower 
part of the Fox Hills Sandstone (Cretaceous), 
nortb-central South Dakota.-U .S. Geol. Sur
vey Prof. Paper 611, Sept. 8, 1969, p. 1-121, 
pis. 1-12, text figs. 1-14 (maps, range cbarts, 
correl. charts, grapbs), tab les I , 2.-Includes 

descriptions and illustrations of 101 species, 
subspecies, or varieties, 7 new and 12 indeter
minate. Three biofacies are recognized. Age 
is earliest Maestrichtian or latest Campanian. 
Beds were deposited in waters less than 200 
feet deep. 

MIKHAILOVA, E. D ., and MOROZOVA, V. G. New 
species of Cyc/ammilla and its value for Oligo
cene zoning stratigraphy (in Russian) .-Bull. 
Moscow Soc. Naturalists, Geol. Ser., v. 44, 
No.3, 1969, p. 82-89, pis. I , 2, 2 text figs. 
(diagrams) .-Cyc/ammilla kelldz/wliellsis sp. 
nov. and araldaellsis subsp. nov. 

MURRAY, JOHN W. Recent foraminifers from the 
Atlantic continental sbelf of tbe United States. 
- Micropaleontology, v. 15, No.4, Oct. 1969, 
p. 401-418, pI. I, text fi gs. 1-15 (maps, grapbs), 
tables 1-9 .- Quantitative record of living and 
dead populations from Vineyard Sound (a re
gion of fast tidal currents), tbe sbelf off Long 
Isl and (a lower energy cold-water environ
ment) , and tbe shelf off Cape Hatteras (site of 
a large temperature gradient between cooler 
Virginian coastal water and warmer Carolinian 
coastal water). 

PELHATE-PERON, ANNIK. Micropaleontologie des 
Calcaires Dinantiens du Bassin de Laval.
Bull. Soc. Geol. Min. Bretagne, n. ser. 1967 
(April 1969) , p. 27-76, pis. 1-6.-Foraminif
era section includes about 45 species and vari
eties of Dinantian age. 

PLOTNIKOVA , L. F. Representative of genus Hog
lundilla in tbe Upper Cretaceous and Dano
Paleocene deposits of the Konksko-Jalynskoj 
depression (in Russian with Englisb sum
mary) .-Izdat. L'vov. Univ., Paleont. Sbnrnik, 
No.5, vyp. I , 1968, p. 25-29, 1 pl.- Three 
species, one new. 

POAG, C. WYLI E. Dissolution of molluscan calcite 
by the attacbed foraminifer Vasigloblllilla, new 
genus (Vasiglobulininae, new subfamily).
Tulane Studies in Geol. and Paleont., v. 7, 
Nos. I , 2, July 16, 1969, p. 45-72 , pis. 1-10, 
text figs. 1-4 (pbotomicrograpbs, diagrams, 
stratigrapbic table) .-A spinose polymorpb
inid, attached by its spines tbat produce solu
tion cavities into wbicb the spines are inserted. 
Type species G lobulilla alabamellsis Cushman 
and McGlamery. 

Tbe Pliocene-Pleistocene boundary in tbe Gulf 
Coast region.- Tulane Studies in Geol. and 
Paleon!., v. 7, Nos. 1,2, July 16, 1969, p. 72-
74.-Discussion of Foraminifera extinctions. 

POPESCU, GH. Some new Globigerilla (Foraminif
era) from tbe upper Tortonian of the Tran
sylvanian Basin and the Subcarpatbians.-Re
vue Roumaine Geol. Geophys. Geogr., seL 
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Geol., tome 13 , No. I , 1969, p. 103-106, pIs. 
I , 2.-Four species (3 new). Jlelapertilla n. 
gen. (genotype V. iorgulescui n. sp.) has bullae 
covering secondary sutural apertures as well as 
the umbilical aperture. 

PRONINA, T . V. New Silurian and Devonian fora
minifers from the Urals ( in Russian).-Akad. 
Nauk SSSR, Paleont. Zhurnal , No. 2, 1969, p. 
21-33, pI. 5, text figs. I, 2 (d iagrams).-Ten 
new species; 2 genera and I subgenus are new. 

PROSNIAKOVA , L. V. The species of genus Thal
manninel/a Sigal (Foraminifera) from the up
per Albian and Cenomanian of the Crimean 
Plain ( in Russian with English summary).
Izdal. L'vov. Univ., Paleont. Sbornik, No.5, 
vyp. I , 1968, p. 18-24, 1 pl.-Four species, 
none new. 

QUILTY, P. G. On two recorded species of Ter
tiary Foraminifera from Fossil Bluff, Wynyard . 
-Papers and Proc. Royal Soc. Tasmania, v. 
103 , 1969 , p. 97-98 , I pl.- One is a broken 
echinoid spine; the other is given a new name, 
Delltalina gadjelli. 

ROBLES-RAMOS, M. L., and FLORES-COVARRUBIAS, 
C. Catalogo ilus,rado de los Foraminiferos 
planctonicos utilizados en la zonacion de Bolli, 
1966.- 1nstit. Mexicano del Petroleo, Publ. 
No. 69 AE/ 047, 1969, p. 37-197, text figs. 1-
65, range chart.--Compil ation of illustrations 
and descriptions. 

RUGET, CHRISTIANE, and SIGAL, I ACQUES. Notas 
sobre la presencia del genero Duostomina 
(Foraminiferos) en los estratos de edad Tri
asica de Alhama de Granada, Espafia.-Rev. 
Espanola Micropaleontologia, v. I, No.2, 
1969, p. 237-240, pI. I.-Free specimens of 
Duostomina bicoll vexa in Spain. 

RUGGIERI, GIULIANO, CATALANO, RAIMONDO, and 
SPROVIERI, RODOLFO. Considerazioni sulla 
distribuzione del genere Globorotalia nel Pli
ocene Siciliano.-Boll. Soc. Geol. Ital., v. 87, 
fasc. 2, 1968, p. 277-284, text fig. 1 (range 
chart) . 

. \LAJ,loZEF. Meandrospiranel/a nov. gen ., a new 
mid-Triassic foraminifer from the west Car
pathians, Czechoslovakia.-Iour. Pal. , v. 43, 
No.5 , Sept. 1969, p. 1 294-1295.-Type species 
M. samueli Salaj, 1967. 

. ,NDO, WILLIAM J. , MAM ET, BERNARD L., and 
DUTRO, 1. THOMAS, JR. Carboniferous mega
faunal and microfaunal zonation in the north
ern Cordillera of the United States.-U. S. 
Geol. Survey Prof. Paper 613-E, 1969, p. 1-
29, pI. 1 (stratigraphic diagram), text figs . 1-7 
(map, zonation chart, range charts, correl. 

chart).-Ranges of Carboniferous Foraminif
era in 12 zones. 

SCHNITKER, D ETMAR. Distribution of Foraminif
era on a portion of the continenta l shelf of the 
Golfe de Gascogne (G ulf of Biscay) .-Bull. 
Centre Recherches de Pau, v. 3, No. I , May 
31 , 1969, p. 33-64, text figs. 1-32 (maps, 
graphs), tables 1-3.-Study based on 42 sam
ples. A fauna of 77 benthonic and 13 plank
tonic species is recorded . Percentages of 15 
species are plotted on maps. 

SCOTT, G. H . Stratigraphy of Hutchinsonian and 
Awamoan stages (lower Miocene) at Target 
Gully, Oamaru, New Zea land.- New Zealand 
lour. Geol. Geophys., v. 11 , No. 5, D ec. 1968, 
p. 1261-1270, text figs. 1-9 (slrat. columns, 
drawings) .--Correlation by planktonics and 
by trends in lineages. 

SEIGLlE, GEORGE A., and BERMUDEZ, PEDRO I. In
forme preliminar sobre los Foraminiferos del 
Terciario del Sur de Puerto Rico.--Carib. lour. 
Sci ., v. 9, No. I, 2, March-Iune 1969, p. 67-
80, text figs. 1-3 (map, range chart, correl. 
chart) .-Lists of planktonic and benthonic 
species from 4 planktonic zones in the Ponce 
and luana Diaz Formations. 

SHENG, J . C. Permian Fusu linids of Kwangsi, 
Kueichow and Szechuan ( in Chinese and Eng
lish) .-Palaeontologia Sinica, Whole Number 
149, New Series B, No. 10, 1963, p . 1-247, pIs. 
1-36, maps, stratigraphic columns, phylogen
etic diagram, tables I , 2.-Illustrated system
atic catalog includes 148 species, 52 species 
and 5 varieties new. New are the genera 
Chenia and Neomisel/illa and the subgenus 
WUluel/a of Minojapanel/a. 

SIGAL, JACQUES. Quelques acquisitions recentes 
concernant la chronostratigraphie des for ma
tions sedimentaires de I'equateur.-Rev. Es
panola Micropaleontologia, v. I , No.2, 1969, 
p. 205-236, text figs. 1-3 (correl. chart, maps). 
-Lists of Foraminifera from Middle Creta
ceous to upper Miocene across Ecuador (coast
al, andine, and amazonal) and correlation with 
planktonic zonation . 

SLITER, WILLIAM V. Three inner-neritic Recent 
foraminifers from southern Ca lifornia .- Univ. 
Kansas Paleont. Contr., Paper 45, Oct. I, 1969, 
p. 1-5, pIs. 1-6.-Two new species of Bolivina 
and one of Coryphostoma, all from Santa 
Monica Bay, illustrated by stereoscan photos . 

TUFESCO, MIRCEA. Sur la presence de TriC/lO
hyalus aguayoi (Bermudez) dans la Mer Noire. 
-Revue de Micropaleontologie, v. 12, No.1, 
June 1969, p. 46-52, text figs. 1-8 (map, draw
ings, graphs).-1ncludes discussion of their 
origin. 
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VLERK, I. M. VAN DER, and BANNINK, D. D. Bio
metrical investigations nn 0 perculillQ .-Proc. 
Kon. Nederl. Akad. Wetenschappen, ser. B, v. 
72, No. 3, 1969, p. 169-174, 1 pI., text figs. 
1-3 (diagram, graphs). 

VOLOSHINA, A. M. New occurrences of foraminif
eral species in Paleogene nf the Crimea (in 
Russian with English summary).-Izdat. L'vov. 
Univ., Paleont. Sbornik, No.5, vyp. 1, 1968, 
p. 30-34, 1 pl.-Four species, none new. 

WILLE" URSULA. Die Foraminiferenfauna des Eo
zans von Schorn bei Abtenau (Salzburg, Oster
reich).-Jahrb. Geol. Bundesanstalt, Wien, 
Band 111 , Heft 2, Oct. 1968, p. 213-291, pIs. 
1-16, text figs. 1-3 (map, zone charts).-A 
lower Eocene fauna of 69 species, 2 new. 

ZAMILATSKAJA, T . K. Lower Permian fine Foram
inifera complexes in southeast of Russian plat
form (in Russian) .- Bull. Moscow Soc. Natu
ralists, Geol. Ser., v. 44, No. 2, 1969, p. 118-
130, pIs. 1, 2, text figs. 1, 2 (map, columnar 
section) .-Five new species. 

DE ZANCHE, VITTORIO. La serie Eocenica e i Num
muliti della Purga di Velo (Lessini Medi
Verona) .-Mem. Istit. Geol. Min. Univ. Padova, 
v. 26, 1967-68, 1969, p. 1-27, pIs. 1-3, text figs. 
1-9 (maps, columnar section, graphs, draw
ings) .-Nine species, 1 Nummulites new. 

RUTH TODD 
U. S. Geological Survey 

Washington, D. C. 20242 
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