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Seven cores spanning the tropical North Atlantic Ocean at or

near 15° North Latitude were analyzed with emphasis placed on the

determination of depositional environments and the identification of

planktonic forarninifera.

The cores were recovered from a variety of physiographic

areas. Two environments of deposition, an Tioceanic basin'T envi-

ronrnent and a "continental rise" environment were discerned. Sed-

iment deposited by turbidity currents was in evidence on the lower

African Continental Rise.

Twenty-two species and three subspecies of planktonic fora-

mjnjfera were identified, Paleoclimatic variations were noted in

three cores. This was accomplished by the study of distributions

of planktonic foraminifera which are controlled primarily by water

temperature. The forarniniferal faunas used were modified after a

scheme developed by Phleger et1. (1953). Apparent paleoclimatic
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changes noted in six cores also were traced by the variations in the

coiling directions of Globorotalia truncatulinoides. Evidence for

cooler surface water temperatures than existing today is present at

varying depths in several cores. One core from near the African

Continent reflects cooler surface water throughout the core than

do the other cores. In contrast to the others a cooling trend is re-

corded at the surface in this one.

Stratigraphic evidence indicates that Globorotalia tumida is

younger than and derived from G. menardii. The presence of C.

menardii flexuosa at depth in one core suggests a pre-Wisconsin

age.
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SEDIMENTS AND PLANKTONIC FORAMINIFERA
OF TROPICAL NORTH ATLANTIC CORES

INTRODUCTION

The years following World War II have witnessed a tremendous

expansion in the science of oceanography. This has been evidenced

particularly in the field of submarine geology. During this period,

much data have been accumulated, and many new concepts derived

concerning the submarine geology of the North Atlantic Ocean. No-

table contributors have been the marine geologists and geophysicists

of the Lamont Geological Observatory. In reviewing what has been

done, however, it becomes evident that a vast amount of work in

submarine geology still remains to be done. With this in mind, it

is hoped that this contribution will be of value in assisting to fill this

void.

The seven cores utilized in this study were obtained by HMS

VIDAL, a survey ship of the British Royal Navy. The cores were

selected from a suite of 31 cores whose locations span the North

Atlantic Ocean at or near 15 0 N Latitude. In selecting the cores,

an attempt was made to acquire representative samples from a van-

ety of physiographic areas across the tropical North Atlantic.

This study concerns the texture, planktonic foraminifera, and

mode of deposition of the sediments cored. For the most part, the

study is systematic and descriptive. The great distances between



core locations, the relatively short core lengths, and the extreme

variations in bottom topography make a correlative study of the sedi

ments impractical. Texture, composition, and engineering proper-

ties of the sediments were determined in the Geological Laboratory

of the United States Naval Oceanographic Office at Washington D. C.

The core index samples were analyzed by the author to determine the

organic, detrital and pelagic constituents. These data combined with

known bathymetric data were used to ascertain the environments of

deposition and the paleoclimatic sequences in this region.
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SUBMARINE TOPOGRAPHY

The seven cores used in this work are from stations across

the North Atlantic Ocean between 100 N Latitude and 17° N Lati-

tude (Figure 1). The submarine topography within this zone from

South America to Africa is quite varied. Off the coasts of Venezuela,

British Guiana, and Surinam the continental shelf is approximately 70

nautical miles (130 kilometers) wide; the shelf break occurs at a

depth of 50 fathoms (91 meters), considerably less than the World

average of 72 fathoms (131 meters) (Shephard, 1963). The conti-

nental slope is relatively narrow and steep, having a width of 1 7

miles (32 kilometers) and an inclination of approximately 4. 5 degrees.

At approximately 800 fathoms (1,455 meters), the continental slope

merges with the continental rise. The continental rise, with an av-

erage slope slightly greater than one degree, is considered to be a

steep one. It descends to the northeast for a distance of approxi-

mately 140 nautical miles (260 kilometers) to the Guiana Basin,

which in this region is 360 miles (665 kilometers) wide and includes

depths in excess of 3, 000 fathoms (5, 400 meters).

The Mid-Atlantic Ridge to the east of the Guiana Basin has an

average width of about 400 miles (740 kilometers). The shallowest

portions of the ridge occur in the vicinity of 10. 50 N Latitude and

45. 5°W Longitude, wheretwoseamounts riseto depths of 3l9and 996
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Figure 1. Physiographic chart of study area and locations of cores examined.



5

fathoms (580 and 1, 810 meters) (United States Naval Oceanographic

Office, 1953a). In this region a gap with depths exceeding 2, 500

fathoms (4, 500 meters) transects the Mid-Atlantic Ridge. This gap

is one of a series of relatively narrow depressions that cut across

the Mid-Atlantic Ridge. Heezen and Tharp (1961) consider these

depressions to be fracture zones. This gap appears to connect the

Guiana Basin with the Cape Verde Basin.

The Cape Verde Basin, situated immediately to the east of the

Mid-Atlantic Ridge, has an average width of 600 nautical miles (1,110

kilometers) and extends eastward to within 180 miles (330 kilometers)

of the African Coast. The greatest depths in the basin occur in the

area of the Cape Verde Abyssal Plain, where soundings in excess of

3, 350 fathoms (6, 030 meters) have been recorded (United States

Naval Oceanographic Office, 1953b). The eastern arm of the basin

is bounded by the Cape Verde Islands and the Cape Verde Plateau to

the north, the Sierra Leone Ridge to the south, and the African Con-

tinental Margin to the east.

The African Continental Margin consists of a continental shelf

with an average width of 60 nautical miles (110 kilometers), and a

shelf break at 100 fathoms (182 meters); a continental slope, which

has an average width of 20 miles (37 kilometers), and a termination

at 1, 500 fathoms (Z, 730 meters). The continental rise which graciq-

ally descends for 100 miles (185 kilometers) from the slope merges



with the Cape Verde Basin floor at a depth of about 2, 500 fathoms

(4, 550 meters).

Bathymetry of Core Locations

Continental Rise off South America

Core BS-5 (100 0O'N, 56°47'W) was recovered from the conti-

nental rise off the coast of South America (Figure 2). There the

continental rise descends from the base of the continental slope and

merges with the Guiana Basin at a depth of approximately 2, 500

fathoms (4, 550 meters). In the vicinity of the core location the

gradient of the ocean floor is 50 feet per mile (0.54 degree) in a

northeasterly direction. The core was obtained from 2 060 fathoms

(3, 708 meters) of water.

Western Flank of Mid-Atlantic Ridge

The western flank of the Mid-Atlantic Ridge was sampled at

13° 05' N 50° 53. 3'W (Core BS-7) at a depth of 2,673 fathoms (4, 812

meters) {Figure 2). The core was recovered near the western ex-

tremity of a southwestward trending spur which extends from the

main ridge into the Guiana Basin for 150 nautical miles (280 kilome-

ters).
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EasternFlank of Mid-Atlantic Ridge

Two cores were collected from the eastern flank of the Mid-

Atlantic Ridge. Core BS-10 was taken from 2, 766 fathoms (4, 978

meters) of water at 130 15' N, 41 02. 4T w, well down the eastern

flank of the Mid-Atlantic Ridge immediately to the north of the gap

which cuts transversely through the ridge (Figure 2).

Core BS-3 was obtained where the eastern flank of the Mid-

Atlantic Ridge merges with the Cape Verde Abyssal Plain at 10009. l

N, 36° 02' W in water 2,800 fathoms (5, 058 meters) deep (Figure 2).

Cape Verde Basin

Sediments of the Cape Verde Basin were sampled at three loca-

tions. The northwestern extremity of the Cape Verde Abyssal Plain

was cored in 2, 836 fathoms (5, 104 meters) of water at 15° 50'N, 370

10' W (Core BS-19). Here the gradient to the south is less than seven

feet per mile (0. 08 degree).

Core BS-1l was recovered from a depth of 3,330 fathoms

(5, 994 meters) at 13° 02.3' N, 310 22.5' W (Figure 2). The ocean

floor in this sector of the Cape Verde Abyssal Plain has a gradient

to the west of less than three feet per mile (0. 03 degree).

The eastern perimeter of the basin was cored (Core BS-14)

210 nautical miles (390 kilometers) southeast of the southernmost of
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the Cape Verde Islands at 120 42' N, 20 0 54 W in water 2, 534 fath-

oms (4,762 meters) deep (Figure 2). The core was recovered from

the area where the westward descending continental rise merges

with the Cape Verde Basin.



SEDIMENTS

Sampling and Analytical Methods

Sampling Method

10

The cores were obtained with a gravity coring device utilizing

a poly-vinyl chloride (PVC) coring tube (Richards and Keller, 1961).

As this corer was used without a piston, the cores are all relatively

short (Table 1). Because the complete cores were not available to

the author, only the reference intervals selected by the Geological

Laboratory of the United States Naval Oceanographic Office were

analyzed.

Table 1, Core lengths.

Core no. Length in cm

BS3 111

BS-5 210
BS-7 170.5
BS.10 230
BS-11 210
BS-14 235.5
BS-19 240
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Laboratory Analyses

Sample grain-size values were determined in millimeters to the

nearest whole percent (Appendix A). An American Instrument Com-

pany sieving machine with standard sieves was used for determining
sand-size fractions. The pipette method was used to determine grain
size of silt and clay-size particles (Krumbein and Pettijohn, 1938).

The sediment-type classification of Shepard (1954) is used in this
study (Appendix B).

Sediment color (wet) was determined by visual comparison with

the Rock-Color Chart (Geological Society of America, 1938).

Although they are not discussed in the text, engineering proper-
ties determined in the Geological Laboratory of the United States
Naval Oceanographic Office are included in Appendix C.

The CaCO3 content (Appendix A) of each sampled interval was

determined in the United States Naval Oceanographic Office Geological

Laboratory by the insoluble residue method (Krumbein and Pettijohn,

1938).

Sediment Description

The sediment samples examined consist of organic and detrital

constituents in varying proportions (Table 2). The organic constituents

are primarily planktonic foraminiferal tests and fragments of tests;

sand-size detrital fractions are predominantly quartz and feldspar.



Table 2. Sand fraction grain counts of three cores.

Depth
in core Foraminifera Terrigenous Foraminifera Terrigenous

Core (cm) (No. of grains) (No. of grains) (Percent) (Percent)

BS-5 1.5-8.5 4003 2345 63 37

BS-5 8.5-10.5 843 1751 33 67

BS-5 30-37 482 1285 27 73

BS-19 0-5 1233 - 100 0

BS-l9 81-88 1599 - 100 0

BS-19 155-162 2230 - 100 0

BS-19 235-240 1740 - 100 0

BS-14 0-5 312 10 97 3

BS-14 38-41 16 280 5 95

BS-14 81-88 150 177 46 54
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Sediments of the South American Continental Rise

Continental rise sediments in the area off South America (Core

BS-5) are loosely aggregated silty clay, at least in the upper 37 cm,

the depth to which samples were analyzed. The upper 8, 5 cm is a

yellowish-brown foraminiferal silty clay. The middle portion is

comprised of olive-gray, silty clay, while the basal portion is a

somewhat finer-grained silty clay. Tubules are abundant in the 8. 5-

10. 5 cm interval. The tubules are as large as 2 mm in diameter.

They appear to be composed of iron oxide on the inner portion; the

outer wall is composed of clay, silt, and sandsize detrital grains,

and planktonic foraminifera,

Foraminifera dominate the sand fraction only in the uppermost

interval (Table 2). Detrital quartz grains dominate the sand fraction

in the remaining intervals.

Western Flank of Mid-Atlantic Ridge

The sediments on the western flank of the Mid-Atlantic Ridge

appear to be "red clay deposits; They have a yellowish-brown color,

are primarily clay- size material, and have low percentage of organic

constituents, The characteristics noted are markedly similar through-

out all sampled intervals. The low concentration of foraminifera in

the sediment is probably the result of relatively rapid solution of
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CaCO3 at a water depth of 4, 812 meters.

Eastern Flank of Mid-Atlantic Rid

Sediments occurring well down the eastern flank of the Mid-

Atlantic Ridge, in the vicinity of Core BS-l0, are mostly silty clays

whose colors are various hues of brown. The sediment 28-41 cm

from the top of the core is coarser in texture than the sediment in

the other sampled intervals (Figure 3), This is attributed to the high

concentration of small foraminife ra.

Where the eastern flank of the ridge merges with the Cape

Verde Abyssal Plain, typical red clay occurs (Core BS-3). The

sediment at the surface is a brown clay with a median diameter less

than 0.001 mm; the clay fraction comprises 93 percent of the sample.

The remaining sampled intervals, with the exception of the intervals

at subsurface depths of 25-32 cm and 76-82 cm, consist of typical red

clay deposits. In the intervals 25-32cm and 76-82 cm below the

surface, CaCO3 constitutes 59 and 50 percent of the sediment, respec-

tively. These sediments are classified here as organic clays. Ac-

cording to Kuenen (1950), sediments having CaCO3 content in excess

of 30 percent are not red clays.

Cape Verde Basin

Sediments of the Cape Verde Abyssal Plain are noticeably
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varied in character. In the vicinity of Core BS-19 the surface sedi-

ment is a yellowish-brown, foraminiferal silty clay. Very little

variation in sediment character with depth was noted between the

surface and 235-240 cm. Only moderate solution of foraminifera

tests was observed. The amount of CaCO3 in the sampled portions

ranges from 32 percent for the 44-51 cm interval to 76 percent for

the 81-88 cm interval; the average is 56 percent.

Core BS-ll, located on the Cape Verde Abyssal Plain about

400 nautical miles (740 kilometers) SSF of Core BS-19, consists

entirely of pelagic sediment. The fine texture, low CaCO3 content,

typical brown color, and lack of organic and detrital constituents

place this particular area in the red clay domain. At a depth of 149

cm the sediment color changes from a dark yellowish-brown to a

grayish yellow-green. Possibly the "green clay" was deposited in

a reducing environment with the green color attributed to the pres-

ence of ferrous ions. The upper portion may have been deposited

in an oxidizing environment with the brown color resulting from the

presence of ferric ions.

The sediments deposited on the eastern periphery of the Cape

Verde Basin (Core BS-l4) are quite varied with depth (Table 3).

The parameters for the sediment from the lower portion (46-83 cm)

differ from those higher in the core. A change from clayey silt to

sandy silt occurs above the 46-83 cm interval. Mica (muscovite)



Table 3. Sand fraction grain counts of Core BS-14.

Organic and Depth in core (cm)
detrital grains 0-5 10-17 24-28 28-32 33-38 38-41 46-53 81-88

Planktonic foraminifera 131 60 149 131 11 7 43 30
Foraminifera test fragments 177 256 157 61 27 6 96 104
Benthonic forams 4 5 3 4 5 3 8 16

Radiolaria 9 3 8 1 - - 11 8

Diatoms - - - 1 2 2

Spicules 1 - - 6 4 1 5 1

Fecal pellets - - 2 4 16 - -

Quartz and feldspar 5 2 22 129 234 246 115 125
Mica - - 1 - - - 62 23

Dark detrital mm. 1 - 1 4 10 5 9 8

Other detrital mm. 4 9 19 40 33 57 9 3

Authigenic mm. - - - 2 3 - 2 18

Total organic 322 326 317 206 51 34 163 163

Total detrital 10 9 43 175 280 308 197 177

Percent organic 97 97 88 54 15 10 45 46
Percent detrital 3 3 12 46 85 90 55 54

-J
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is abundant, comprising 13 percent of the detrital constituent in the
81-88 cm interval, and 32 percent in the 46-53 cm interval. The

sediment making up the 38-41 cm segment of the core is loosely

packed, and does not become consolidated on drying.

The abnormally large detrital grain size, apparent increase

in average grain size, noticeable bedding, and high percentage of

detrital material in the interval from 33-41 cm (Table 3) are indica-

tive of deposition from turbidity currents.

A change in the depositional regime appears to have occurred

at the 24-28 cm interval relative to the intervals above. There is

a noticeable increase of silt, a very sharp decrease in CaCO3 con-

tent (Figure 4), and an increase of the detrital component in the

sand fraction from three to 12 percent. The upper 17 cm is corn-

prised of yellowish-brown silty clay containing abundant planktonic

foraminifera. Organic constituents make up 97 percent of the sand

fraction, suggesting that very little recent detrital deposition has

taken place.

Sedimentation

Based on the dominant or distinctive sediment type and physi-

ographic location the cores can be grouped into two environmental

categories. Cores BS-5 and BS-14 were taken on or very near to

continental rises and contain abundant sand-size detrital sediment.



BS-5 BS-7 BS-IO BS-9 BS-3 BS-II BS-14
cm 0 %I00 o sioo 0 %O0 0 %I0O 0 SICO 0_%I00 0 %0
°r
F=* 206-9 206-24 206-45 206-4 206-34

1
1206-45

I

-

206-40 206-25 206-46 206-35 206-46
-

20H
206-26
206-27 206-5 _______120647

206-49 -

_j206_3 206-36
40 206 29 _______

206-Il __________206 2.9 206-I? 206-SI -

206_37
60L- 206-Ia _______

206-6

80 206-7
206-I2 206-49 206-38 206-52

I

o of- 1206-30 I
________

o ]206-8'___ 206-39
L

-1 20L
206-20

4J 206-43
I40- ___

L'206-34 206-44

160L 206-14 ________ 206-21 206-42

1- __
80 ________ 206-32 206-43

2001-

206-22

206-44

22OL
206-33

206-23

Figure 4. CaCO3 content of cores examined. (* Number indicates
index interval.)



20

The remaining cores came from well down the flanks of the Mid

Atlantic Ridge and from adjacent basins. These cores contain

mostly red clay and foraminiferal silty clay. For convenience the

terms continental rise and oceanic basin will be used to refer to the

two environmental groupings.

Recent detrital sediments composed primarily of quartz with

lesser amounts of feldspar are abundant on the continental rise off

South America. This terrigenous material is probably supplied to

the sea floor primarily by the Orinoco River of Venezuela and the

Essequebo River of British Guiana and Surinarn.

The western flank of the MidAtiantic Ridge is remote from

the nearest terrigenous sources, The sediment comprising the

entire core from this area (Core BS7) appears to have been depos-

ited in a deep, !red clay environment. It is comprised almost

wholly of pelagic sediment which accumulates at an extremely slow

rate on the deepocean floor. There is an absence of detrital grains.

The organic component makes up a very small fraction of the total

sample.

Sediments occurring well down the eastern flank of the Mid-

Atlantic Ridge are similar to those cu the western flank, but contain

planktonic foraminifera in much greater profusion (Core BS-l0).

Water depth does not appear to be a determining factor in the dispar-

ity of planktonic forminifera between Cores BS-7 and BS-l0. The
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water depth in the area of Core BS-7 is 2,673 fathoms (4, 812

meters) as opposed to a depth of 2, 766 fathoms (4, 978 meters) for

Core BS-l0. The variation in foraminiferal content probably is due

to a difference in organic production in the overlying waters.

With the increase in foraminifera there is a corresponding

increase in CaCO3 which is not in accord with the prescribed limits

for red clays. The relatively high proportion of foraminifera occur-

ring at a depth of 28-44 cm in the core may be attributed to prolific

planktonic foraminifera production.

Farther to the south along the eastern flank of the Mid-Atlantic

Ridge the sediment is typical red clay (Core BS-3). The absence of

foraminiferal tests is due to solution of CaCO3. Here the bottom is

2, 800 fathoms (5, 058 meters) deep, which is well below the depth of

CaCO3 compensation. The sediments result from the very slow

deposition of pelagic clay-size material.

Sedimentation on the Cape Verde Abys Sal Plain is variable.

In the western portion the sediments are primarily foraminiferal

silty clays. No evidence of turbidity current deposition was ob-

served.

The sediments in the area of Core BS-11, located in the east-

em sector of the Cape Verde Abyssal Plain, are considered to be

normal red clays. Organic sediments are very rare in all intervals

investigated. The absence of foraminiferal tests is ascribed to
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solution of CaCO3 at a depth of 3, 300 fathoms (5, 994 meters). The

aLence of organic and detrital sediments accounts for the compara-

tively fine texture of the entire sampled interval. The change in

sediment color at 149 cm, from brown to green, may have been the

result of a shift in the oxidation-reduction potential. The "green

clay" is texturally and minerallogically very similar to the "red

clay" above it. The color of green clay, usually due to the pres-

ence of ferrous ions resulting from reduction of ferric ions, may

be the result of microbial activity. Conversely, the red clays, the

color due to oxidation of ferrous ions to ferric ions, would be rela-

tively free of reducing microbial activity. The change in the "redox"

potential may have been the result of an alteration of the current

regime of the overlying water, resulting in the introduction of more

highly oxygenated waters into the area during the period of deposi-

ti on.

Conditions governing sedimentation appear to have changed on

the eastern extremity of the Cape Verde Basin. The bottom portion of

Core BS-14 differs from the upper part. In the bottom portion organ-

ic and detrital constituents are almost equally abundant although they

comprise a much smaller portion of the total sediment. There is a

markedincreaseintheamount of rnica(muscovite) present (Table 3).

The 28-41 cm segment of the core appears to be the result of
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turbidity current deposition. This is suggested by a number of

faunal characteristics (1) There is a higher proportion of benthonic

foraminifera in the total foraminiferal component, 27 percent in 33-.

38 cm interval as opposed to two percent at 24-.28 cm, and 13 percent

at 46-53 cm. (2) Displaced shallow-water benthonic foraminif era are

abundant. (3) Radiolaria, which are indicative of non-detrital open

ocean sediments, are almost totally absent, but were observed above

and below this interval.

Sediment from the surface to 28 cm in Core BS-l4 consists

almost wholly of foraminiferal tests and pelagic clays. The detrital

portion of the sand fraction makes up, at most, 12 percent of the

sediment near the bottom of this interval (Table 3). This sediment

was deposited under normal open ocean conditions where the only

sources of the sediment are surface plankton production and pelagic

clays.



PLANKTONIC FORAMINIFERA

Globigerina oozes, primarily comprised of planktonic fora-

rniniferal tests, presently cover 126 million square kilometers of

the ocean floor (Sverdrup etal. , 1942). They initially became

abundant during the Cretaceous Period. Their wide abundance and

distribution areally and temporally, and their discrete environmen-

tal ranges make planktonic foraminifera highly useful organisms

for the reconstruction of geologic history, and particularly paleo-

environments. It appears that individual species of planktonic for-

aminifera are delicately adjusted to their particular marine environ-

ments (Phleger et al., 1953). In order to gain a firm understand-

ing of past oceanic conditions we must have a good knowledge of the

ecology of modern planktonic foraminifera. This is predicated on

the assumption that the environmental adjustments of the organisms

were essentially similar during the past.

d'Orbigny, starting around 1826, was the first to study syste-

matically the planktonic foraminifera. His work was primarily of

a taxonomic nature, and was mainly concerned with specimens from

nearshore sediments or rock outcrops, but occasionally he used deep-

sea samples (Be, 1959).

The first study that demonstrated possible applications of

planktonic foraminifera in the identification and classification of
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specific water masses was made by Murray (1897). Using data

acquired during the Challenger expedition he showed that living

foraminifera caught in surface net hauls were clearly of planktonic

habit. In addition, he suggested that temperature controlled the

distribution of tropical, temperate, and polar assemblages.

Wiseman and Ovey (1950) studied nine surface sediment sam-

pies ranging from 66°S to 69°N Latitude in the Atlantic. They

recognized an Arctic and Antarctic fauna, a temperate fauna, and

a warm water fauna. The distribution of the faunas was considered

to be temperature controlled. Schott (1935), in a study of surface

sediments collected by the Deutsche Atlantische Expedition, dis-

cerned the presence of two distinct faunal assemblages. He classi-

fied them as a warm-water fauna and a cold-water fauna. Phleger

etal. , (1953), in a study of 53 surface sediment samples from 00 to

500 N. Latitude in the Atlantic, recognized five general distribution

patterns of planktonic foraminifera which they considered to be tern-

perature controlled.

Bradshaw (1959), studied the distribution of foraminifera from

more than 700 plankton tows from the North and Equatorial Pacific,

and established four distinct faunas which he called: (1) subarctic,

(2) transition, (3) central, and (4) equatorial west central. Temper-

ature and salinity characteristics, and phosphate concentrations

were considered to be environmental factors governing the faunal



distributions. Distributional patterns were recognized by Parker

(1960) on the basis of 81 plankton tows from the Equatorial and

Southeast Pacific.

A study of 106 plankton samples collected southeast of Bermuda

permitted Be (l99) to establish three faunal groups whose distribu-

tions were governed apparently by temperature and salinity. The

three faunal groups are temperate, intermediate, and subtropical.

It has been estimated that from 30 to 50 species of planktonic

foraminifera are living today (Phleger, 1960). They are character...

istic of offshore, oceanic water masses and occur in relatively low

numbers over the inner portion of the continental shelf except where

essentially oceanic water extends to the shore,

Living planktonic foraminifera have been found at all depths

sampled in the Atlantic Ocean down to 2, 000 meters (Phieger, 1960).

The largest populations, however, were noted in the photic zone

(upper 100 meters). The zones of population maxima of individual

planktonic foraminifera species appear to be stratified in a definite

order with respect to temperature and water density (Phieger, 1960).

Distributional studies of modern planktonic foraminifera based

on their occurrence in bottom sediments do not necessarily reflect

distributions of living forms in the water column directly overhead.

The assemblages observed often are functions of variations in test

settling rates. These variations may be the result of current action,
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turbulence, divergence or convergence of the surface water, and

size and shape of test. Another factor which must be considered is

the solubility of CaCO3 in deep, cold water, especially water in cx-.

cess of 4, 500 meters in depth. In regions where high production of

planktonic foraminifera occurs the surface sediment may not reflect

this abundance. The tests may be dispersed over a wide region out-.

side of the area of high production.

This study is concerned primarily with the identification of

those planktonic foraminiferal species present in the sediments,

and with their relative abundance in the sampled intervals. The

faunal distributions were studied with regard to paleoclimatic signifi-

cance. Conclusions are based upon results of studies by Phleger

(1945), Phieger etal. (1953), Bradshaw (1959), Be (1959), and

Parker (1960).

Fifty-four reference samples selected from the seven cores

were used in this research. The intervals examined were limited

to those selected by personnel of the Geological Laboratory of the

United States Naval Oceanographic Office.

Methods of Analysis

Portions of the cores ranging from 0. 8 gram to 4. 7 grams

were immersed in kerosene for 12 hours to disaggregate the sedi-

rnent. The kerosene was poured off, and the samples then immersed
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in water for one hour. The samples were wet-sieved subsequently

using a 0.062 mm sieve; the sand fraction was filtered using standard

filter paper, and was allowed to dry at room temperature. The

planktonic foraminiferal tests then were separated from the detri-

tal fraction by flotation on carbon tetrachloride. Most of the spe-

cimens were undamaged by this disaggregation process.

The specimens were examined and counted. Several well-

preserved specimens of each species were picked and mounted on

slides for reference purposes. Samples with abundant planktonic

foraminifera were split until approximately 300 specimens remained

to be counted. All of the specimens from samples containing fewer

than 300 specimens were counted.

Species Composition

Twenty-two species and three subspecies of planktonic fora-

minifera were identified in this study (Appendix D). Clobigerinoides

ruber (Plate 1, Figure 1) is the most common species. In the faunal

analysis of three cores Globigerinoides ruber ranges in abundance

from 26 to 68 percent with the average comprising 46 percent of the

total number of identifiable forms (Table 4). The color of the spe-

cies was noted to vary from white to deep pink. According to Be

(1960), the color is generally more intensely pink in the early

growth stages and becomes faded or colorless in the last formed



Table 4. Distribution of species comprising one percent or more of identifiable planktonic foraminifera in selected cores

Species

Core BS-5
Depth in core (cm)

1.5-8.5 8.5-10.5 30-37 0.5

Core BS-19
Depth in core (cm)

81-88 155-162 235-240

Core BS-14
Depth in core (cm)

0-5 38-41 81-88

Globigerina bulloides - 1 - - - - - 7 5

Globigerinaeggeri - 1 3 2 4 8 8 6 2 11

GlLobigerina inflata - - - 3 - 4 2 -

Globigerina pachyderma 4 9 8 6 2 9 5 20 12 11

Globigerina quinqueloba - - - - - - - 3 16

Globigerina rubescens 3 5 4 7 - - 2 3 5

Globigerinita glutinata 2 - - 10 8 9 14 14 2 16

Globigerinita humilis 7 12 10 17 2 8 3 4 12 -

Globigerinoides conglobata - - 4 2 2 2 -

Globigerinoides ruber 60 47 53 34 68 41 53 28 47 26

Globigerinoides triloba
sacculifera 2 2 - 2 - - 1 - -

Globigerinoides triloba
triloba 8 9 12 7 4 4 2 4 2 5

Globorotalia menardii -

Globorotalia tumida - - - - 4 -

Globorotalia truncatulinoides 3 2 - - - - - -

Hastigerina aequilateralis 5 8 - 5 - - 2 4 5 -

Orbulina universa - - 3 - - - - - - -

Pulleniatina obliquiloculata - - 3 2 2 3 2 1 - -

Sphaeroidinella dehiscens - 2 5 4 - -

Total number identified 655 168 133 338 1318 638 733 734 57 18
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chambers. Specimens of Globigerinoides ruber with completely

white, hyaline, and colored tests occur together in some of the in-

tervals studied, No attempt was made to determine a percentage

breakdown of the variously colored tests.

Globigerinita glutinata is present in amounts ranging from two

to 16 percent with an average of nine percent. it was not observed

in two of the intervals examined (Table 4).

Globigerinita humilis occurs in every interval examined cx-

cept at a depth of 81-88 cm in Core BS-14. It ranges in abundance

from two to 17 percent of the identifiable forms.

Globigerina eggeri (Plate 1, Figure 2) is present only in appre-

ciable numbers at 81-88 cm in Core BS-l4 where it constitutes 11

percent of the total identified forms.

Globigerinoides triloba triloba is present in every interval,

but is only relatively abundant at a depth of 3037 cm in Core BS-5,

where it constitutes 12 percent of the forms identified.

The remaining 19 species constitute a smaller percentage in

the cores examined.

The 25 species and subspecies identified in this study have

been grouped according to the faunal scheme of Phiegeretal. (1953).

Five faunal groups comprise this scheme which is based for the most

part on sensitivity to water temperature (Table 5 and Appendix E).

These groups are (A) species confined to high and mid-latitudes;



Table 5. Breakdown of discrete faunas by percent (After distribution of Phieger, j. , 1953)

Fauna

Core BS-5
Depth in core (cm)

1.5-8.5 8.5-10.5 30-37 0-5

Core BS-19
Depth in corecm)

81-88 155-162 235-240 0-5

Core BS-14
Depth in core (cm)

38-41 81-88

A Globigerina pachyderma 4 9 8 6 2 9 5 20 12 11

B Globigerina bulloides - 1 - - - - 7 5
Globigerina inflata - - 3 - 4 2 -

Globorotalia truncatulinoides 3 2 - - - - -

Total 3 3 - - 3 - 4 9 5

C Globorotalia menardii -

Globorotalia tumida - - - 4 - -

Pulleniatina obliquiloculita - - 3 2 2 3 2 1 - -

Total - - 3 2 2 3 6 1

D Glohigerina eggeri - 1 3 2 4 8 8 6 2 11

Globigerinoides tiiloba triloba
and G, trilob sacculifera 10 11 12 9 4 4 2 5 2 5

Total 10 12 15 11 8 12 10 11 4 16

E Globigerinita glutinata 2 - - 10 8 9 14 14 2 16
Globigerinoide.s conglobata - - - 4 2 2 2 - - -

Globigerinoides ruber 60 47 53 34 68 41 53 28 47 26
Hastigerina aequilateralis 5 8 - 5 - 2 4 5 -

Orbulina universa - - 3 - - - - -

Total 67 55 56 53 78 52 71 46 54 42

Remaining species of unknown
affinities 16 21 18 28 10 21 8 18 21 26

F-'
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(B) species more abundant in mid-latitudes but also present in low

latitudes; (C) species occurring in high frequency in latitudes lower

than 20° N. Latitude, but also present in low frequencies at a few

mid-latitude stations; (D) species more abundant in low latitudes than

in mid-latitudes, but present at most stations; and (F) species univer-

saiiy distributed.

The forms comprising the Gioborotalia menardii Globorotalia

tumida complex (Plate 2, Figures 1-3) are Globorotalia rnenardii;

Globorotalia tumida; a transition form, Globorotalia menardii -

tumida of authors; and Globorotalia menardii flexuosa. Phieger

(1960) states that many or most of the pre-modern specimens of

Globorotalia rnenardii are unlike the modern form and seem to be

intermediate between Globorotalia menardii and Globorotalia tumida.

Excluding Core BS-1l which contains no planktonic foraminifera

Globorotalia menardii is the most abundant form of Globorotalia. It

shows the greatest stratigraphic range of the members of the corn-

plex except in Core BS-14. This is especially true in Core BS-19

(Figure 5). Globorotalia tumida occurs only in the upper intervals

of the cores investigated (Figure 5). The transition form is present

in most intervals examined. Globorotalia menardii flexuosa was ob-

served only at a depth of 155-199 cm in Core BS-.19 (Figure 5). It

has been suggested that Globorotalia menardii flexuosa may be no

younger than the last interglacial age (Ericson and Wollin, 1956).
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The relatively short stratigraphic range of Globorotalia tumida

when compared to Globorotalia menardii lends credence to the au-

thor's belief that Globorotalia tumida is a much younger species than

Globorotalia menardii, and appears to have developed from it. Ac-

cording to Phleger (1960), there is some evidence that Globorotalia

turnida has a limited range, at least in the Atlantic, probably back

no further than the Middle Pleistocene and perhaps only to the last

glacial age.

Paleoclimatic Implications

The modern planktonic foraminiferal fauna occurs at the top

of a deep-sea core if the surface sediment is not disturbed (Phieger,

1960). It has been recognized widely that in many cores there is

a lower fauna which is unlike the uppermost, modern one. This

fauna lower in the core usually is like the modern fauna at a latitude

higher than the latitude at which the core was collected. These pre-

modern faunas have been interpreted as representatives of cooler

surface water temperatures than those now in existence.

Schott (1935) was one of the first workers to recognize the

presence of higher latitude (cooler water) faunas below the surface

sediment. He initially observed this change in numerous cores

from the tropical Atlantic. Cushman and Henbest (1940) determined

the occurrence of several "glacial stages" from their studies of cool
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and warm water faunas. They analyzed 13 cores taken between

Newfoundland and Ireland, Phieger etal. (1953) recognized several

higher latitude faunas separated by faunas normal for a given latitude

in 39 long cores collected from 0° to 42° N. Latitude in the Atlantic.

Ericson and Wollin (1964) have done much work on the relation-

ship of planktonic foraminifera to climatic changes. They have stud-

ied the coiling directions of Globigerina pachyderma and Globorotalia

truncatulinoides, and the distributions of the Globorotalia menardii

faunal complex in a number of long cores taken by the Lamont Geo-

logical Observatory. From these studies they have been able to de-

duce changes within species and certain faunas that suggest climatic

differences.

The paleoclimatic portion of this study has been restricted to

an analysis of ten intervals from three cores (Table 5). The very

low numbers of total identified specimens in most intervals exam-

med tend to limit the scope of the conclusions drawn.

Faunal Distributions

In the study of Cores BS-5, BS-19, and BS-l4 an attempt was

made to determine environmental changes that may have occurred

during deposition. The environmental indicator faunas of Phieger

etal. (1953) were used to trace apparent changes of surface water

temperature (Table 5). Faunas 'A' and "B" were grouped under the



cool water complex, while faunas lC and "D" were grouped under

the warm water complex. Fauna "F" was excluded, as included

species are considered to be universally distributed (see Appendix

F). Faunas of both cool water and warm water complexes were

noted in every core (Figure 6).

At a depth of 30-37 cm in Core BS-5 apparent warm surface

water conditions are recorded by the warm water faunal complex

which comprises 65 percent of the total fauna identified and counted.

A rather noticeable shift toward cool water faunas culminates at

10. 5 cm in Core BS-5. There is then a noticeable increase of warm

water indicators at a core depth of 5 cm.

In Core BS-l9 an apparent cooling trend of the surface water

is indicated by faunal trends from the base of the core to the interval

155-162 cm below the sediment surface (Figure 6). Above this a

warming trend occurs to a depth of 81-88 cm in the core followed

by a slight swing back to cooler water faunas in the surface sediment.

In contrast to the other two cores the cool water faunas pre-

dominate in all intervals of Core BS-14. An apparent cooling trend

similar to those in the other cores is recorded from the base to the

38 to 41 cm interval (Figure 6). This is followed by a slight warming

trend toward the surface sediment. These trends are in some ques-

tion because the number of identifiable planktonic forarninifera is

quite low.
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Coiling Directions

Bolli (1950, 1951) has shown that a preferred direction of coil-

ing becomes dominant in the later stages of the evolutionary histories

of certain planktonic species. This is evidenced by the consistently

high ratio of sinistral (left-handed) coiling of an old species, Globo-

rotalia menardii, today in all regions in contrast to the variations in

coiling from place to place in the relatively young species, Globo-

rotalia truncatulinoides (Eric son and Wollin, 1964).

Ericson etal. l954) suggest that the direction of coiling of

Globorotalia truncatulinoide s may have stratigraphic significance.

Their observations in six cores show that in the majority of samples

rrost of the specimens of this species show dextral coiling. Two

zpnes in each core, however, contain an unusual number of sinis-

trally coiled specimens, and there are indications that these can be

correlated between two cores.

Coiling directions of Globorotalia truncatulinoides (Plate 3,

Figure 1) were analyzed in all cores except Core BS-1l, where no

planktonic foraminifera were observed. In some sampled portions

few foraminifera were present. The dextral (right-handed) coiling

forms live in water somewhat warmer than that for the sinistral

coiling forms (Ericsonetal., 1961).

In Core BS-5 the dextral coiling forms comprise from 98 to
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100 percent of the total (Table 6, Figure 7) Core BS-7 contains

100 percent dextral specimens at a depth of 81-88 cm and 95 percent

dextral specimens at the surface (Table 6, Figure 7); however, only

eight specimens were counted in the lower interval. In Core BS-3

only the upper 32 cm contain specimens of Globorotalia truncatulino-

ides, and 94 to 98 percent of them are dextral.

A slight shift in coiling direction occurs in Core BS-10 (Figure

7). From a depth of 48 cm in the core to the surface Globorotalia

truncatulinoides coils right 95 percent of the time, or more. From

the basal interval (225-230 cm) to a depth of 48 cm the coiling direc-

tion ratio is very constant at about 90 percent right (Figure 7).

The paleoteniperature indicators in Core BS-l9 are rather

diagnostic. An apparent prolonged cool period occurred prior to a

noticeable shift to an apparent warmer period beginning at a core

depth of 128 cm. The pronounced warming trend stabilized at a

depth of 51 cm. This condition appears to have persisted to the

present (Figure 7).

In contrast to the other cores Globorotalia truncatulinoides

shows a marked trend toward left-coiling upsection to the surface

sediments of Core BS-14. This indicates that the temperature of

the surface water is considerably cooler today than it was in the

immediate geologic past. The sinistral coiling domain of Ericson

etal. (1954) is extended to south of the Cape Verde Islands. This is



Table 6. Number and percent of right-coiling (dextral) versus left-coiling (sinistral) specimens of Globorotalia truncatulinoides, G. Crassaformis
and Globigerina inflata.

Depth in C. truncatulinoides C. crassaformis C. inflata
Core core Total % Total % % Total %

no. (cm) no. Sinistral Dextral no. Sjnjstral Dextral no. Sinistral Dextral

BS-5 1.5-8.5 178 2 98 15 93 7 - - -

8.5-10.5 63 2 98 14 100 0 - - -

30-37 8 0 100 6 100 0 - - -

BS-7 0-3 74 5 95 170 97 3 13 100 0
10-17 - - - 4 75 25 - - -

81-88 8 0 100 19 100 0 - - -

BS-10 0-5 171 3 97 84 98 2 4 100 0

10-17 86 2 98 51 100 0 12 100 0

24-28 16 0 100 22 100 0 13 100 0
28-32 222 5 95 54 98 2 48 100 0

37-44 213 4 96 67 97 3 81 95 5

44-48 19 11 89 28 100 0 9 89 11

100-103 115 12 88 80 95 5 30 97 3

147-157 53 8 92 94 98 2 5 100 0

174-181 38 10 90 51 100 0 5 100 0

225-230 88 2 98 118 100 0 16 94 6

BS-19 0-5 206 14 86 77 99 1 19 100 0

10-17 88 12 88 63 86 14 7 100 0

44-51 60 5 95 11 91 9 - - -

61-66 16 12 88 6 67 33 14 93 7

81-88 16 31 69 3 67 33 - - -

121 -128 37 68 32 10 100 0 15 80 20

155-162 82 68 32 8 100 0 16 94 6

192-199 53 64 36 6 67 33 5 100 0

235-240 36 61 39 16 88 12 3 100 0

0



Table 6. (Continued)

Core
no.

Depth in
core

(cm)

C. truncatulinoides
Total

no. Sinistral Dextral
Total

no.

G. crassaformis

Sinistral Dextral
Total

no.

G. inflata

Sinistral Dextral

BS-3 0.-S 16 6 94 10 100 0 - - -

25-32 267 2 98 130 97 3 26 100 0

BS-14 0-S 54 52 48 113 100 0 194 96 4
10-17 25 28 72 85 96 4 221 99 1

24-28 5 0 100 65 100 0 322 100 0
28-32 22 14 86 57 100 0 222 96 4
33-38 - - - 4 100 0 27 100 0
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in accord with the currents anri surface water temperatures for the

area (Sverdrup etal. , 1942). The data for samples below the top-

most interval are conjectural as specimens are quite scarce.

In conjunction with the coiling-direction counts of Globorotalia

truncatulinoides, coiling-direction counts of Globorotalia crassa-

formis and Globigerina inflata were determined also. From obser-

vations made it is apparent that coiling direction changes in these

species cannot be used as environmental indicators. In all cores

and at all sampled intervals both species were predominantly sinis-

trally coiled (Table 6).
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SUMMARY AND CONCLUSIONS

Two environments of deposition have been disceried from this

study. They are the "continental rise" environment and the "oceanic

basin" environment. The sediments in Cores BS-5 and BS-15 are

indicative of continental rise deposition, while the remaining cores

suggest deposition in an oceanic basin environment much farther

from shore. Three characteristics of "continental rise" sediments

compared to "oceanic basin" sediments are rather diagnostic: (1)

"Continental rise" sediments contain a much higher proportion of

terrigenous constituents (Table 2). (2) The average grain size tends

to be larger, but exceptions occur when abundant large foraminifera

accumulate in the sediments in the basins and on the flanks of the

Mid-Atlantic Ridge.(3) The CaCO3 content is much lower than that

of foraminiferal silty clays, but approximates that of red clays.

Turbidity currents appear to have contributed to the deposition

of sediments on the continental rises. This is especially apparent

at a depth of 8. 5-37 cm in Core BS-5, and at a depth of 38-41 cm in

Core BS-l4.

The tubules occurring 8. 5-10. 5 cm deep in Core BS-5 are con-

sidered to have been formed by worm activity. In analyzing the outer

portion of the tube walls, no selectivity of material was noted. All

sediment types appear to have been used. It is unlikely that the
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tubules are the result of sediment accretion around plant roots, as

rooted plants rarely are found in water deeper than several meters,

Transporting of the tubules, if of plant origin, to the shelf-edge and

the continental slope where turbidity current transport can occur is

difficult to visualize.

Red clays are very conspicuous in the basins and well down

the flanks of the Mid-Atlantic Ridge. They are typical sediments

found in the 'oceanic basin" environment. Red clays are formed

by the very slow deposition of pelagic sediments over long periods

of time in oceanic areas far from detrital sediment sources. The

change from "green clay" to red clay 149 cm deep in the sediment

column of the eastern Cape Verde Abyssal Plain appears to have

been the result of a change from a reducing to an oxidizing environ-

ment. The change in "redox" potential may have been the result of

a. change in the current regime of the overlying water. This change

in water conditions could conceivably have been fostered by the cul-

mination of the last glacial stage and the onset of the present inter-

glacial stage.

Twenty-two species and three subspecies of planktonic fora-

minifera were identified. Globigerinoides ruber predominated in all

intervals examined,

The paleoclimatic faunal scheme of Phleger etal. (1953) was

modified to arrive at more simplified, general conclusions. Faunas
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"A't and "B" are lumped together as cool water indicators while

faunas UGh1 and DI constitute the warm water indicators.

The paleotemperature changes in Core BS-5, beginning with

a cooling trend and then swinging back to warmer conditions, are

apparent in the coiling-direction and faunal studies. The coiling-

direction indications, however, are not so well defined as are the

other faunal indications. In Core BS-l9, where the same intervals

were examined for the coiling-direction variations of Globorotalia

truncatulinoides and changes of fauna, there is rather close agree-

ment. There is a slight cooling trend followed by warmer conditions

which were in turn followed by slightly cooler conditions. In Core

BS-14 the faunal indicators represent water conditions which differ

somewhat from the conditions indicated by the coiling-direction an-

alysis. This may be attributed to the very low number of specimens

present in the intervals examined.

From the study of the Globorotalia menardii - Globorotalia

tumida complex it is suggested that Globorotalia tumida is younger

than Globorotalia menardii, and that it may have evolved from the

latter.

The only occurrence of Globorotalia menardii flexuosa is in

Core BS-19 at a depth of 155-199 cm. The presence of this species

suggests that this sediment may have been deposited prior to the last

glacial stage. This is based on the suggestion of Ericson and Woflin
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(1956), that Globorotalia menardii flexuosa may be no younger than

the last interglacial stage.

From the faunal and coiling-direction analyses there are mdi-

cations that the present temperature of the surface water is cooler

in the area from which Core BS-14 was extracted than in the other

core areas. This is supported by figures of modern surface temper-

atures which are several degrees centigrade cooler than the surface

temperatures in the vicinities of Cores BS-5 and BS-l9 (Sverdrup

etal., 1942). The colder water immediately to the south of the

cape Verde Islands can probably be attributed to the surface cur-

rent moving south along the northwest coast of Africa. Core sta-

tions BS-5 and BS-19 are located under the North Equatorial Cur-

rent which is composed of warmer water.

In carrying out environmental studies it is necesssary to ex-

amine discrete core intervals as closely spaced as possible, as

faunal changes may occur despite an apparent similarity in sedi-

ments. A correlation of the cores could not be made because of the

wide spacing between samples used in this study and the great dis-

tance between core stations.
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PLATE 1

1. Globigerinoides ruber (d'Orbigny), X64.

la - apertural view

lb - umbilical view

lc - edge view

2. Globigerina eggeri (Rhumbler), X54.

Za - apertural view

Zb - umbilical view

Zc - edge view

3. Globigerina pachyderma (Ehrenberg), X64.

3a - apertural view

3b - umbilical view

3c - edge view

4. Globigerinoides conglobata (Brady), X46.

4a - apertural view

4b - umbilical view
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PLATE 2

1. Globorotalia tumida (Brady), X33.

la apertural view

lb - umbilical view

ic - edge view

2. Globorotalia menardii - tumida, X33.

Za - apertural view

Zb - umbilical view

2c - edge view

3. Globorotalia menardii (d'Orbigny), X33.

3a - apertural view

3b - umbilical view

3c - edge view
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PLATE 3

1. Globorotalia trunculinoides (d'Orbigny), X42.

la - edge view

lb - umbilical view

2. Globorotalia sp.,, X42.

Za - edge view

2b - umbilical view

- ape rtural view

3. Pulleniatina obliquiloculata (Parker and Jones), X45.

3a - apertural view

3b - side view
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APPENDIX A Sediment Size and Composition (T=Trace)

Size (Percent)Depth
in core u .

CaCO Org.Core
Md

BS-5 1.5-8.5 - - T T 1 2 7 11 47 32 .002 2.2 1.2 30 .838.5-10.5 1 2 2 T T T 7 10 54 22 .002 1.9 1.1 28 .6830-37 - - - - 1 T 3 11 27 58 .001 3.16 1.1 14 .46
BS-7 0-3 - - - - T 1 10 17 35 37 . 002 2. 7 1. 4 37 . 6010-17 - - - - T T 5 23 15 56 .001 6.9 .96 18 -44-51 - - - - T T 6 17 54 23 .002 1.9 .9 17 -81-88 - - - T 1 1 6 18 25 49 .001 1.0 1.4 28 -131-138 - - - - T T 2 17 23 58 .001 5. 4 .6 8 -158-165 - - - - - - 5 20 19 56 .001 6.3 .8 7 -

BS-10 0-5 - - - T 2 2 21 22 20 33 .003 4.7 1.0 69 .5010-17 - - - - T 1 7 18 51 23 .002 2.1 1.1 54 -24-28 - - - - T T 14 21 27 38 .002 3. 2 1.5 61 -28-32 - - - - T 3 51 22 11 13 .017 2.5 .4 90 -37-44 - - - T 1 8 39 23 10 19 .014 3.5 .4 82 -44-48 - - - - T T 9 21 26 44 .001 3.6 1.3 51 -100-103 - - - - 1 4 13 21 21 40 .002 4.2 1.2 63 -147-157 - - - T T 3 7 22 26 45 .002 3.4 1.3 52 -174-181 - - - - T T 11 22 23 44 .002 3.6 1.3 52 -225-230 - - - T 1 3 13 20 26 37 .002 4.2 1.1 54 -

BS-19 0-5 - - - 1 3 5 20 25 15 31 .005 1.7 0.2 67 .4410-17 - - - - 1 3 13 21 20 42 .002 3.8 1.8 41 -44-51 - - - - - 2 10 21 23 44 .001 3.2 1.9 32 -61-66 - - - - - 2 8 22 25 43 .002 3.1 1.5 57 -81-88 - - - - 3 7 2 20 21 27 .005 5.3 0.9 76 -121-128 - - - - 2 4 15 21 24 34 .003 5.0 1.0 57 -155-162 - - - - 2 3 15. 19 26 35 .002 4.5 1.1 57 - Ui



APPENDIX A (Continued)

Core

Depth
in Core
(cm) I

Size

-I
.

(Percent)

Q .

S8
.

88 Md So Sk CaCO3

BS-19 192-199 - - - - 1 7 14 21 20 32 .004 5.7 0.3 57 -235-240 - - T 2 2 12 21 26 36 . 002 4. 6 0. 9 54 -

BS-3 0-5 - - - 1 1 6 10 27 66 .0008 2.83 1.13 28 .8125-32 - - - - 2 2 8 15 31 43 .0013 2.78 1.53 59 .4765-72 - - - - 1 1 6 21 28 43 .0013 2.83 1.70 29 1.0676-82 - 1 2 3 4 10 14 27 39 .0017 4.32 1.61 50 .80106-111 - - - - - 4 23 26 47 .0011 3.16 1.32 31 .60
BS -11 0-6 - - - - - - 4 21 47 38 . 002 2. 1 1. 1 13 . 5010-17 - - - - - - 2 24 22 52 .001 3.7 1.5 26 -34-41 - - - - - - - 25 27 48 . 001 3. 6 1. 0 26 -51-58 - - - - - 2 22 23 53 .001 3.4 1.3 26 -81-88 - - - - - - 2 30 21 47 . 001 4. 0 1. 2 26 -102-111 - - - - - - 11 25 18 46 .001 4.7 1.0 25 -138-143 - - - - - 1 10 19 19 51 .001 4.1 1.9 25 -149-156 - - - - - - 3 12 18 67 .0004 2.8 1.3 6 -158-163 - - - - - - 2 6 16 76 .0003 3.0 1.0 8 -173-180 - - - - - - 2 20 11 67 .0004 4.8 1.4 15 -205-210 - - - - - - 3 20 19 58 .001 3.4 2.1 16 1.4
BS-14 0-5 - - 3 7 4 3 1 18 18 43 .004 6.7 1.1 53 .6210-17 - - 5 3 3 2 19 20 15 33 .003 9.4 08 50 -

24-28 - - - 1 1 1 32 18 17 30 .005 5.4 0.6 17 -28-32 - - T T T 6 79 4 3 8 .029 1.4 1.0 12 -
33-38 - - - T T 21 71 2 1 3 .039 4.8 1.0 11 -
38-41 - - T T 4 36 43 5 3 9 .047 1.9 0.7 10 -46-53 - - - - - T 32 19 16 33 .005 5.5 0.5 10 -81-88 - - - - T T 32 25 16 27 . 006 4. 5 0. 5 8 . 95



APPENDIX B SedimentTexture (T=Trace)

Depth
Core in core Sand Silt Clay CaCO3 Md Sediment

no. (cm) % ii % (mm) type

BS-5 1.5-8.5 3 18 79 30 .002 Silty clay
BS-5 8.5-10.5 5 17 78 28 .002 Silty clay
BS-5 30-37 14 86 14 .001 Clay
BS-7 0-3 1 27 72 37 . 002 Silty clay
BS-7 10-17 T 28 72 18 . 001 Silty clay
BS-7 44-51 T 23 77 17 .002 Silty clay
BS-7 81-88 2 24 74 28 .001 Silty clay
BS-7 131-138 T 19 81 8 .001 Clay
BS-7 158-165 - 25 75 7 .001 Silty clay
BS40 05 4 43 53 69 . 003 Silty clay
BS-10 10-17 1 25 74 54 .002 Silty clay
BS-10 24-28 T 35 65 61 . 002 Silty clay
BS-10 28-32 3 73 24 90 .017 Clayey silt
BS-10 37-44 9 62 29 82 .014 Clayey silt
BS-10 44-48 T 30 70 51 . 001 Silty clay
BS-10 100-1 03 S 34 61 63 002 Silty clay
BS-10 147-157 3 29 68 52 . 002 Silty clay
BS40 174-181 T 33 67 52 .002 Silty clay
BS-10 225-230 4 33 63 54 . 002 Silty clay
BS19 05 9 45 46 67 . 005 Silty clay
BS-19 10-17 4 34 62 41 . 002 Silty clay
BS-19 44-51 2 31 67 32 . 001 Silty clay
BS-19 61-66 2 30 68 57 .002 Silty clay
BS49 81-88 10 42 48 76 .005 Silty clay
BS-19 121 -1 28 6 36 58 57 .003 Silty clay
BS-19 155-1 62 5 34 61 57 .002 Silty clay
BS-19 192-199 8 25 57 57 .004 Silty clay
BS19 235-240 4 33 63 54 . 002 Silty clay
BS-3 0-5 2 16 82 28 .001 Clay
BS-3 25-32 4 23 73 59 . 001 Silty clay
BS-3 65-72 2 27 71 29 . 001 Silty clay
BS-3 76-82 10 24 66 50 . 002 Silty clay
BS-3 106-111 - 27 73 31 . 001 Silty clay
BS-11 0-6 - 25 75 13 .001 Silty clay
BS-11 10-17 - 26 74 26 .001 Silty clay
BS-11 34-41 - 25 75 26 .001 Silty clay
BS-11 51-58 - 24 76 26 .001 Silty clay
BS-11 81-88 - 32 68 26 .001 Silty clay
BS-11 102-110 - 26 74 24 .001 Silty clay
BS-11 138-143 1 29 70 25 .001 Silty clay
BS-11 149-156 - 15 85 6 .0004 Clay
BS41 158-163 - 8 92 8 .0003 Clay
8S-11 173-180 - 22 78 15 .004 Silty clay
BS-11 205-210 - 23 77 16 .001 Silty clay



APPENDIX C Engineering Properties

Subsample Wet Specific
depth unit gravity Water Saturated Cohesion

in core weight of content Void void Porosity natural remold Sensi-
Core (cm) (g/cm3) solids (% dry wgt.) ratio ratio (%) (g/cm2) (g/cm2) tivity

BS-3 0-25 1.37 2.62 127.55
65-72 1. 25 2. 60 207. 75

BS-S 0-1.5 104.91
1.5-8.5 1.48 2.77 98.80
30-37 1.41 114.11
58-65 1.38 129.55
95-105 139.12
111-118 1.39 2.72 136.93

BS-7 10-17 1.40 2.76 130.5
17-27 130.4
27-37 13a.4
37-44 138.5
44-51 1.41 123.7
51-55.5 125.9
59.5-66.5 1.41 124.4
66.5-75 125.0
75-81 126.6
81-88 1.42 2.77 120.9
88-100 115.7
100-110 117.9
110-117 1.42 117.8
117-122.5 127.4
122.5-131 128.5
131-138 1.41 121.9
138-148 124.6
148-158 115. 2
158-165 1.43 2.73 118.9

3.34
5.39 5.40 84.4

2.73 2.74 73.2 46.5 8.4 6

3. 64 3. 72 78. 4 16. 5 4. 2 4

3. 55 3. 60 78. 0 22. 8 8. 0 3

31.0 0

3. 32 3. 35 76. 9 33. 2 8. 2 4

44.7 14.7 3

3.06 3.07 75.4 32.8



APPENDIX C (Continued)

Core

Subsample
depth
in core

(cm)

Wet
unit

weight
(g/crn3)

Specific
gravity

of
solids

Water
content

(% dry wgt.)
Void
ratio

Saturated
void
ratio

Porosity
(%)

Cohesion
natural remold

(gm/cm2) (g/cm2)
Sensi-
tivity

BS-7 166-170.5 111.2
BS-10 0-10 96

10-17 1.44 2.74 114 3.06 3.12 75.4 29.2 6.7 4
17-27 112
27-30 106
30-37 126
37-44 1.40 2.75 140 3.73 3.86 78.9
44-51 116
51-58 1.45 105
58-72.5 101
72. 5-81 101
81-88 1. 46 2.70 108 2.84 2.91 74.0 25.6 7.6 3
88-95 95
95-100 100
100-103 91
103-113 91
113-122 104
122-133 117
133-147 110
147-157 115
157-164 1.43 2.83 114 3.23 3.22 76.4 2.5 1.7
164-174 115
174-181 1.42 114
181-191 112
225-230 111

BS-11 0-6 2.79 147
6-10 152



APPENDIX C (Continued)
Subsample Wet Specific

depth unit gravity Water Saturated Cohesionin core weight of content Void void Porosity natural reniold Sensi-Core (cm) (g/cm ) solids (% dry wgt.) ratio ratio (91) (gm/cm2) (g/cm ) tivity

BS-11 10-17 1.33 2.76 160 4.40 4.41 81.5 38.8 8.0 517-27 169
27-34 177
34-41 1.30 172
41-51 173
51-58 1.29 170 34,7 8.0 458-68 169
68-78 1.29 165
78-81 168
81-88 1.33 34.7 5.1 7110-120 123
120-131 135
131-138 1,31 172
138-149 158
149-156 1. 31 2. 79 167 4. 67 4.65 82.4 43.8 15. 9 3166-173 1.32 160
173-180 1.32 161 31.9 16.8 2180-190 159
190-198 159

BS-14 0-10 126
10-17 1.40 2. 73 140 3.69 3.82 78.7 52.0 8. 4 617-27 131
27-33.5 46
33.5-40.5 1.31 2.65 1.18 1.21 54.1
40.5-46 126
46-53 1. 37 2.64 154 3. 70 3. 92 78.7 18. 3 0.8 23
53-60 141
60-70 148



APPENDIX C (Continued)

Subsample Wet Specific
depth unit gravity Water Saturated Cohesion
in core weighi of content Void void Porosity natural remold Sensi-

Core (cm) (g/cm ) solids (% dry wgt.) ratio ratio (%) (gm/cm2) (g/cm2) tivity

BS-14 81-88 1.37 2.65 146
102-109 141
110-117 1.33 151
117-127 153
131-138 1.32 2.67 131
143-157 150
157-164 1.32
164-174 157
174-185 149
185-195 152
195-205 154
205-212 143
226-235.5 162

BS-19 0-10 85
10-17 1.52 2.76 88
17-27 95
27-37 101
37-44 1.47 103
44-51 1.48 98
81-88 1.51 2.63 87
111-114.5 84
114. 5-121 85
121-128 1.53 86
128-138 85
138-145 1.55 85
145-154.5 84
154.5-161.5 1.52 84

3.75 3.86 79.9 16.5 3.0 6

3.67 3.50 78.6 11.0 1.7 6

9.1 2.5 4

2.40 2.42 70.6

11.9 1.7 7

28.3 8.4 3

93.1 15.1 6
2.25 2.29 69.2 122.3 11.8 10

43.8 15.1 3

42.9 18,5 2 0"



Core

BS -.19

Subsample Wet Specific
depth unit gravity

in core weight of
(cm) (g/cm3) solids

161.5-166.5
166. 5-170.5
170.5-177.5 1.54
186-192
192-199 1.54
199 -211
211-221
221 -234
234 -240

APPENDIX C (Continued)

Water Saturated
content Void void

(°/ dry wgt.) ratio ratio

83
77
80
84
83
82
83
82
80

Cohesion
Porosity natural remold Sensi-

(%) (gm/cm2) (gm/cm2) tivity

39.2 18.1 2



APPENDIX D - ANNOTATED FAUNAL REFERENCE LIST

Where the trinomial system is used it represents genus, spe-
cies and subspecies. The preferred name is followed by the original
name and reference for ease of location in the Catalog of Foramini-
fera (Ellis and Messina, 1940 et seq.)

Candeina nitida d'Orbigny, 1839, Foraminifères, in de la Sagra,
Hist. Phys. Pol. Nat. Cuba, p. 108, p1. 2, figs. 27, 28.

Globigerina bulloides dtOrbigny, 1826, Ann. Sci. Nat., ser. 1, vol.
7, p. 277; ModBles, no. 76. Two forms were noted, the larger
form, found only in Core BS-19, has a rather large, inflated
final chamber with a large gaping aperture. The smaller form
occurring in much greater profusion, has a relatively less in-
flated final chamber, and a relatively much smaller aperture.

Globigerina digitata Brady, 1879, Quart. Jour. Micr. Sci. new ser.,
vol. 19, p. 286.

Globigerina eggeri Rhumbler, 1901 Foraminiferan, in Brandt,
Nordisches Plankton, Pt. 1, no. 14, pp. 19, 20, text - fig. 20.

Globigerina inflata d 'Orbigny, 1839, Foraminifres, in Barker -Webb
and Berthelot, Hist. Nat. les Canaries, vol. 2, pt. 2, p. 134,
P1. 2, figs. 7-9.

Globigerina pachyderma (Ehrenberg) = Aristerospira pachyderma
Ehrenberg, 1861, K. Preuss. Akad. Wiss. Berlin, Monats-
ber., p. 303. Occasionally a large specimen was found, but
the great preponderence of those noted occurred as much smal-
ler forms. The large forms have a very conspicuous coarsely
pitted, massive, crystalline test wall. This was not readily
apparent in the small forms.

Globiberina quinqueloba Natland, 1938, Univ. of California, Scripps
Inst. Oceanogr. Bull., Tech. Ser., vol. 4, no. 5, p. 149, p1.
6, fig. 7. May be confused with Globigerinita humilis.

Globigerina rubescens Hofker, 1956, Univ. of Copenhagen. Geol.
Mus., Spolia, vol. 15, p. 234, p1. 35, figs. 18-21.

Globigerinita glutinata (Eager) - Globigerina glutinata Egger, 1895,
K. Bayer. Akad, Wiss. Math. - Phys. ci. Ab., vol. 18, pt.
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2, p. 371, p1. 13, figs. 19.-21. Two forms of this species
were noted. One form has a bulla covering the primary aper
ture, while the other form lacks the bulla. They are identical
in all other test characteristics observed.

Globigerinita hurnilis (Brady) = Truncatulina humilis Brady, 1884,
Rept. Voy. CHALLENGER, vol. 9, p. 665, pl. 94, fig. 7.
This species may be confused with Globigerinaquinqueloba.
In Globigerinita humilis the lobed extension of the last chamber
commonly extends over the umbilicus with fingerlike extensions
containing infraliminal apertures at the sutures of the previous
chambers. Globigerina quinqueloba commonly has the lobed.
extension of the last chamber into or over the umbilicus, but
lacks the infraliminal apertures.

Globigerinoides conglobata (Brady) - Globigerina conglobata Brady,
1879, Quart. Jour. Micr. Sci., new ser,, vol. 19, p. 286.

Globigerinoides ruber (drOrbigny) - Globigerina rubra d'Orbigny,
1839, Foraminifères, in de la Sagra, Hist. Phys. Pol, Nat.
Cuba, pp. 82-83, p1. 4, figs. 1214. The color of this spe-
cies was noted to vary continuously from white to deep pink.
If care is not taken, juvenile specimens of Globigerinoides
ruber might be mistakenly identified as Globigerina rubescens.
Globigerina rubescens typically has four chambers to the final
whorl, while Globigerinoides ruber has three. Globigerina
rubescens also lacks the secondary apertures so diagnostic of
Globigerinoides ruber.

Globigerinoides triloba sacculifera (Brady) = Globigerina sacculifera
Brady, 1877, Geol. Mag. new ser., dec. 2, vol. 4, no. 12,
p. 535.

Globigerinoides triloba triloba (Reuss) = Globigerina triloba Reus s,
1850, K. Akad, Wiss. Wien, Math. - Nat. Cl., Denkschr.,
vol. 1, p. 374, p1. 47, fig. 11.

Globorotaliacrassaformis (Galloway and Wissler) = Globigerina
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APPENDIX E Water Temperature Sensitive Faunas (after Phlegei etal. 1953)

Faunal counts ner samnie

Fauna
Incre.
206-1

Core BS-5
Incre.
206-2

mere.
206-3

mere.
206-15

Core BS-19
Incre. lucre.

206-19 206-21
lucre. Incre.

206-23 206-45

Core BS-14
Lucre.
20&50

Incre.
206-52

A 13 1 4 9 33 31 11 22 - -B 70 21 20 36 122 78 76 85 2 3C 25 16 10 20 31 57 33 149 7 2D 41 6 3 9 16 38 10 66 5 1E _452 94 78 181 1059 350 522 353 32 8Total
Less

Fauna
(E 149 44 37 74 202 204 130 322 14 6Grand

2

Core BS-S Core BS-19 Core BS-14
lucre. mere. Incre. mere. Incre. lucre. lucre.lucre. mere. Lucre,

Fauna 206-1 206-2 206-3 206-15 206-19 206-21 2O623 206-45 206-50 206-52

A 9 2 11 12 16 15 9 7 0 0
B 47 48 54 49 60 38 58 26 14 50C 17 36 27 27 15 28 25 46 50 3327 14 8 12 9 19 8 21 36 17

_D
Warm
(A+B) 56 50 65 61 76 53 67 33 14 50Cool
(C+D 44 50 35 39 24 47 33 67 86 50




