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INTRODUCTION

This publication is intended primarily as a data report inasmuch as
the descriptions of the cores taken during Cruises 1 through 8 of the USNS
ELTANIN comprise the bulk of the document. The maps and summary are
preliminary and must await the results of Cruise 11, to the southern portion
of the Scotia Ridge, for confirmation of details.

The Department of Geology of The Florida State University has been
associated with the Marine Geology of the Antarctic since DEEP FREEZE IV, and
with the National Science Foundation's antarctic research vessel the USNS
ELTANIN from her beginning. Any small portion we have contributed to the success
she has had the first year has been through the efforts of the technical support
party of Texas Instruments and because of the enthusiasm and dedication of the
graduate students of this University who participated in the Marine Geology
program. These students and their cruises are as follows:

Cruise Area Dates F S. U.

1 North Atlantic 2/27 - 3/9/62 Kolpak, Finney, Mather
2 Laborador Basin 3/15 - 4/16/62 Kolpak

3 U. S. to Valparaiso 5/23 - 6/27/62 Kolpak

4 Drake Passage 7/5 - 9/1/62 Kolpak

5 Drake Passage 9/10 - 11/14/62 Finney

6 Scotia Sea 11/23 - 1/22/63 Mather

7 Scotia Sea 2/4 - 3/19/63 Mather

8 South Sandwich 4/1 - 6/19/63 Holmes, Mather

Trench



FIELD OPERATIONS

The investigations we are undertaking on the ELTANIN consist of
researches into the nature and genesis of the bottom materials of the
Antarctic Ocean. Samples are obtained by coring, dredging, and grab
sampling. A Ewing gravity piston corer modified slightly to take plastic
core liners is used in coring. These liners are in 20 foot lengths, fit
inside the steel core barrels, and reduce core diameter to 2-1/4 inches.
The piston travels inside the plastic. The liners are removed following
the coring operation, cut into ten foot lengths, capped at each end with a
plastic cap, and coated with wax. The core sections are stored below deck
in individual metal canisters until the ship returns to port. All of the
core sections for a single cruise are sent together via commercial sea
transport to the United States and thence by truck to Tallahassee.

The worth of the plastic core liners has been demonstrated repeatedly
since no core section to date appears in any way to have been affected by
storage or transportation. That is,the nature of the sediments with
delicate bedding laminae intact, with lack of oxidation on core walls, and
with constant moisture content from core wall to core interior, lead to
the conclusion that the sediments are undisturbed and largely unaltered.

A sunmary of the successful cores taken through Cruise 8 is as follows:

Average Un-

Number of Successful disturbed Core
Cruise Cores Length (cm)
1-2 5 897.4
3 11 906.1
4 17 570.0
5 29 588.4
6 33 457.2
7 18 751.1
8 25 504.0

The number of cores taken each cruise depends largely on the cruise
length. Pre-operational plans generally call for a core to be taken every
degree of latitude along traverses that vary from 3 to 5 degrees of
longitude



apart. Additional cores are taken, as operations permit, at anomolous
topographic features. The length of cores taken during a cruise largely is a
function of the major bottom type encountered during the operation. Coarse
sediments or lithified sediments cut into core length, es does extremely deep
water. In the latter case, with tremendous wire weights, the sensitivity of
the winch accumulator is reduced and the "lag" time is long between trigger
impact-core release and accumulator sensing. This sometimes means that the
corer is literally lowered into the bottom instead of free falling the final
distance.

In addition to the piston cores, short phleger cores have been obtained
from the trigger of the large coring apparatus as well as from separate
phleger core drops. In a few cases no trigger core was obtained because of the
nature of the bottom or because of mechanical malfunction. Phleger cores other
than trigger cores have been obtained as follows:

Cruise Number Cores
2 6
6 12
8 18

Pettersson 0.1 square meter grab samplers weighted for deep sea work
are used primarily for surface sampling but have not proved too successful
below about 300 meters. Most of the grap samples therefore represent shallow
water drops.

Number Grab
Cruise Samples

2 1
25
7
44
17
1
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Dredge samples have been obtained by the use of a rock dredge
consisting of a metal frame 2 x 4 feet supporting a six foot chain bag which
encloses two fiber bags of smaller mesh. Additional materials have been
donated by the University of Southern California from their Otter, Blake, and
occasionally Kidd Trawls.

Samples from

Successful Rock Other
Cruise Dredges Dredges
5 17 8
6 24 26
7 17 17
8 15 10

LABORATORY OPERATIONS

Upon arrival at the University the wax is stripped from opposite
sides of the liners and the plastic is barely cut through by means of a
circlesaw. The cores are then split using a fine wire and laid open. If
thermal conductivity measurements are to be made, "windows" in the plastic
liners are opened prior to cutting for the insertion of heating element and
thermisters. After splitting the cores are tagged with plastic tags at 20 cm
intervals, described, and then photographed by a 70 mm track camera which
makes a 1 to 1 continuous negative 100 feet long. Black and white film is
developed locally and proofed by blue-printing continuous strips of ozalid
paper.

The cores are sampled as necessary, then placed in plastic sleeves
still in their liner halves, and stored,, At the present no atmospheric
storage is available. However, by fall the new storage and research facility
will be ready which will store all cores at 1° C and selected cuts of cores
at -10° C. When this facility is completed, which will store 23 years of core
at present rates of accumulation, cores will be sent up from the south under
refrigeration.






Figures 2, 3, and 4.

BATHYMETRY OF THE SOUTH SANDWICH TRENCH

The South Sandwich Trench is an arcuate depression in the
South Atlantic Ocean, bordered on the west by the Scotia Ridge
and the South Sandwich Islands. The trench is the widest and
the deepest in the north becoming narrower and shallower toward
the south.

All charts of the South Sandwich Trench to date give only
its approximate limits. In order to complete a study of the
trench and its environs in the time available on Cruise 8 the
lateral limits were found by making ten transverse crossings.
The extremities and the nature of the central portion of the
trench were investigated by a zig-zag traverse down the center
of the trench. It is believed that the ten radial transverse
crossings had the best control because they were tied
navigationally to the islands. In construction of the
bathymetric chart, the central traverse was tied to the
islands.

The trench can be divided into three sections, the
northern section which is the widest and the deepest, the
central section which is characterized by a broad shelf between
the islands and the trench, the southern section which is
characterized by the end of the trench against a ridge. The
deepest spot in the trench found to date is in the northern
section and is called the Meteor Deep. In this section the
northern slope of the trench is about 55 fathoms per mile while
the southern wall exhibits what can best be described as a
valley and ridge type of bathymetry. Near the floor of the
trench there are three tongues extending on to the floor. A
similar feature was found in the work of the U.S.S. Glacier in
1961 (Deep Freeze 61). These are possibly slump features with
the material derived from the upper slope. The sedimentary
cover in this region varies across the trench from sandy silt
on the southern side to fine silt and clay on the northern
side. Two cores were taken in the center of this region. One
located on the northern side of the trench was composed of clay
and diatom-clay. The other core was taken between two of the
tongues. This core of silty clay overlies sand and adds weight
for the proposed slump origin of these features.

At the 57th parallel, the trench becomes narrow and tends
to become shallower. The slope of the eastern wall of the
north-south trending trench changes from 55 fathoms per mile
at about the 2000 fathom isobath to an almost vertical wall.



The western slope still maintains the same characteristics of
the southern wall of the northern section, but is less
complex. South from this parallel the trench is divided into
an upper section and a lower section. The upper section is
inclined at a slope of approximately 30 fathoms per mile on
both sides of the inner trench. The lower section, the trench
proper, has a slope of about 60 fathoms per mile. In the
locations where detailed data were available it is found that
the deep linear basins in the bottom of the trench are en
echelon. The sediment of this section varies across the trench
from sandy silt on the western slope and in the center to fine
silty clay on the eastern slope.

East of Bristol Island and the South Thule Island group,
the trench swings westward. However, the characteristics of the
trench remain the same as in the central section. Profiles in
this area indicate that the trench ends against the Scotia
Ridge and a secondary ridge which trends southeast from the
main ridge. This ridge is surmounted by a sea mount which rises
from 2600 fathoms to within 400 fathoms of the surface. The
sediment cover of this section remains similar to the central
section of the trench.

C. W. Holmes






most of the Scotia Sea - Drake Passage; to olive gray (5Y 3/2)
in the Bransfield Straits; to light brown (5Y 5/6), more
typical of "red clay", on the Pacific side of the Drake
Passage.

4. Ooze, foraminiferal (calcareous): The sediment is comprised of
more than about 30% of foraminifera tests. The usual light
colors of pale greenish yellow (10Y 8/2) to very light gray
(N8) indicate that this percentage often approaches 90%. The
usual coarse particles are small sand and pea-sized grains of
manganese and terrestrially derived sand and pebbles.

5. Ooze, diatom (siliceous): The sediment comprises about 30% or
more siliceous diatom and radiolaran tests and frustrules and
usually has a felted or matted appearance. It would be
texturally classed as a clayey silt. The colors range from pale
yellowish brown (10YR6/2) to a yellowish olive brown (5Y5/4).

Sediment Distributions:

The coarsest sediments are found peripheral to South America, South
Georgia Island, the South Sandwich Islands and the Palmer Peninsula (Fig. 5).
On the Chilean side of South America none of the cores taken in waters deeper
than 500 fathoms, and only a few taken any shallower, indicate sand on the
surface of the sea floor. However, in a few places slumps along the
continental slope may move coarse material deeper, especially at times of
earthquake. One such probable locality is at 39°22'S, 73°51'W. Grab-samples
from this locality taken during Cruise 4 showed the bottom to be comprised of
a conglomerate of pebbles each of which was composed of a sandy clayey silt
that was partially indurated. On the strength of this conglomerate the area
was reinvestigated on Cruise 10. Zemmels (1963) reports that the area
"certainly seems to be the site of a submarine landslide. There is a
horse-shoe-shaped gouge at the break in slope of the continental margin about
4-1/2 miles wide. The continental shelf is flat and has a slope of about 10
minutes; the break in slope is at 90 fathoms and is well defined on both
sides of the gouge; the continental slope is smooth and slopes 3 to 4
degrees. A crevice about 40 fathoms deep occurs at the landward end of the
gouge with a slightly westward-inclined block on the seaward side of the

crevice. The normal, flat shelf surrounds the gouge east. Westward from the
crevice the






floor of the gouge displays a rough, irregular topography with hills 20 to 40
fathoms high. The floor of the gouge generally slopes westward. In one part of
the floor the PDR shows a profile of asymmetrical cusps (which may be either
north-south trending ridges or merely hills) that resembled a series of
down-faulted blocks. Several miles west of the gouge, the continental slope
smooths out but further west it becomes hilly once more."

South and southeast of Tierra Del Fuego the coarse sediment band
widens. One reason for this disposition lies in the currents of the area that
are strong enough at 2200 fathoms to generate ripple marks 6"-9" in length
(Fig. 6; Plate 1, 4-4; Plate 2, 4-6; Plate 3, 4-12, 4-13; Plate 4). These
coarse sediments continue eastward around the Horn and compose the sea floor
over the Burdwood Bank and around the Falkland Islands. The amount of gravel
appears to increase over the Bank and a large portion of this material is
glacial marine. In places a large amount of mollusk and brachiopod shell is
present (Plate 23, 6-45).

A halo of coarse sediment surrounds South Georgia Island on the sea
floor to a water depth of at least 1500 fathoms except on the east where
sand and gravel may be found to depths of at least 2000 fathoms. Coarse
sediments may be moving down the previously mentioned submarine valley east
of South Georgia and into the northwestern part of the South Sandwich
Trench. However, two cores taken at the bottom of this part of the trench
reveal only clayey silt.

The coarse sediments which floor the crest of the Scotia Ridge around
the South Sandwich Islands are indicated in Fig. 5 as being continuous. This
is not the case in all probability for the source areas are small and sand is
probably restricted to the 1000 fathom line with fine-grained sediments
between. One core due east of Zavodovski Island (Fig. 2), at the northern end
of the islands, cored sand and gravel at 2000 fathoms. Pumice, scoria and
basalt are common pebble and boulder types throughout this part of the ridge
(Plate 27, 8-1).

The final area of coarse sediment occurs peripheral to the Palmer
Peninsula, extending north and east to the South Orkneys, and hooking south
into the Weddell Sea. Almost all of these sediments are glacial marine
(Plate 8). They extend westward to about the 500 fathom line (the edge of
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the continental shelf) although occasional slumping must deliver material
down the slope. A completely anomolous and poorly defined area of coarse
material extends north and west from about the 2000 fathom line, down the
continental rise, and into the Bellingshausen basin. Although the surface
layers do not appear to be graded, pebble layers at depth in these cores
are well graded. Although the materials from the Eltanin do not extend
south past about Deception Island in the South Shetlands, Deep Freeze
samples extend the coverage to the south (Goodell, 1962 ). The extent of
the glacial marine east of the peninsula is conjectural. The southern
extent of sand south of the South Orkneys is based on two cores about 150
miles apart which cored sand at about 2000 fathoms. Gravel is found in
excess of 100 fathoms.

These four areas of coarse terrestrially derived sands and gravels
are rimmed by zones of sandy silt. This sediment constitutes the bottom
along the continental slope on the northwestern margin of the Palmer
Peninsula and extends 200 miles north of the South Orkney Islands along the
rise separating the East and West Scotia Basins.

Sandy silt is the predominant sediment type in and around the
northern and eastern extents of the Scotia Ridge. On the north the South
Georgia source area dominates. A 600 foot drop in sea level during
Pleistocene would about quadruple the areal extent of the island open to
denudation. The same amount of drop would expose several hundred square
miles to the west of South Georgia around Shag and Black Rocks. The
predominant movement of materials derived from these sources has been due
east around the northern end of the South Sandwich Trench and to the
southeast into the center of the East Scotia Basin. Several cores from the
latter area closely resemble glacial marine.

The South Sandwich Islands are the source area for the sandy silt
to their east and south. The northeastern deepest part of the Trench seems
to be an effective barrier against sand transport further north and east.
However, the southern deep, east of Southern Thule (Fig. 2) appears less an
effective sediment trap for sand values east of the trench range from
20-40% A major portion of this may be ice rafted however, for the general
circulation pattern within the Weddell Sea brings its ice into the South
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Atlantic to the east of the Trench. (H.O. Pub. 705) A phleger core traverse
across the center of the trench at about 58° south reveals two thin black
sand layers, non-graded,that can be traced for about 70 miles down the west
side of the trench and into its center.

The westward extent of the sandy silt belt is unknown at presents
and awaits data from Cruise 12. It may connect across the topographic
saddle in the southern part of the Scotia Ridge with the coarse sediments
around the Orkneys. A different interpretation is presented here with the
saddle acting as an effective barrier to coarse sediment migration from
west or east.

Bottom photos in and around the South Sandwich Trench begin with
Plate 27 and continue through Plate 31. Outcrops of what appear to be
jointed lava flows are seen on the sides of the trench at 3100 fathoms
(Plate 31, 8-16). The deepest picture taken is at 4160 fathoms at 55°56.5'S
25°0.4'W and is erroneously labeled 8-9 on Plate 29.

The finest sediments are clayey silt and are distributed in a band
running SW-NE paralleling the Palmer Peninsula. A smaller area is in the
East Scotia Basin. Biological dilutants often contribute important
constituents to the predominantly terrestrially derived clastic particles.
The cores are mottled in color, often structureless, bottom photos reveal
large infauna populations, and the sediment often may be in large part
fecal pellet. (Plate 24, 7-1, 7-3; Plate 14, 6-13, 6-14; Plate 21, 6-38,
6-39, 6-40; Plate 2, 4-8). Sediments of this type also appear to floor the
Weddell Sea and the deep depressions in the Bransfield Straits. The bottom
within the Straits often has such a high population of worms on the bottom
that the sediment surface consists of burrows and fecal pellets (Plate 16,
6-19, 6-20, 6-21; Plate 18, 6-27).

Diatomaceous (siliceous) ooze occupies the bottom between the
East and West Scotia Basin. The sediments within these cores often show
color banding from light cream to greens, blue-greens, olives, to brown,
often in cyclical repetition. It now appears that some micro-stratigraphy
may be accomplished over several hundreds of miles within this area.
Foraminiferal (calcareous) ooze is found in a broad ringing
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Tierra Del Fuego and parallels to the north the area of clayey silt described
above. This sediment cuts across topography and follows across the
northwestern saddle of the Scotia Ridge

Many cores have been taken in traverses across this zone of ooze that
reveal it to be a lens-shaped deposit about 40 cm. thick in the center to 1-4
cm. at the edges. Holmes (personal communication) using disequilibrium
age-dating has found a depositional rate for these sediments of 3-4 cm. per
1000 years. This means that the upper lens is about 10,000 years old. Admixed
with these sediments are terrestrially derived sands and gravels that increase
in importance to the north. The surface of the sea floor throughout much of
the zone of calcareous ooze is covered with manganese nodules. Zones of
manganese are at several depths in these cores.

The distribution of surface manganese is given by Fig. 6. Where the
concentration is highest huge concretions of manganese cover the sea floor
draped on the bottom. Rock dredges have recovered some of the smaller ones up
to 18" in diameter (Plate 6, 5-10, 5-11; Plate 22, 6-41; Plate 23, 6-42). The
size of these manganese concretions is due in part to the fact that they were
precipitated in part on what may be the southern most extent of a line of
pebbles and boulders derived from the north. However, many of the large
plates recovered from dredges are nucleated on clay balls. Adjacent to these
areas of concretions are zones of manganese nodule pavement where the nodules
are almost literally shoulder-to-shoulder. (Plate 13, 6-10, 6-11, 6-12; Plate
23, 6-43). Several other areas where scattered nodules and pea-sized
manganese pebbles occur are peripheral to the areas of high concentration and
around the Scotia Ridge. All of these areas however, are on or near the
topographic saddles previously discussed. A one to one correlation does not
exist between calcareous ooze and manganese. The ooze generally is found
extending northward further; manganese southward. The highest concentrations
of both however, coincide.

Manganese is found in five morphological varieties. The first and
smallest is sand-sized, dark brown to black particles of friable material
disseminated throughout the core. These have not definitely been proved to be
manganese dioxide. The second is pea-sized pebbles of manganese
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concentrically arranged about a non-manganese nucleus. which is often a
foram, quartz grain, or small clay grain. The third variety is a spherical
to triaxial ellipsoidal variety 5-10 cm. in diameter consisting of
concentric layers of MnO, and hydrous iron oxides about a pebble nucleus.
The fourth variety is about the same shape as the third, but is composed
of agglutinated manganese pebbles (variety two) so that a surface pebble
mosaic results. The last variety is the large concretions, irregular in
shape, often draped, and composed of agglutinated manganese pebbles
(variety two).

Superimposed on these primary sediment varieties are ice rafted
erratic pebbles, cobbles and boulders. These are often faceted, polished, and
striated. Those which are further south than the belt of foraminiferal ooze
and which show little or no manganese stain are undoubtedly from the
Antarctic continent. However on or near the northern and eastern part of the
Scotia Ridge Pleistocene glacial erratics are present on the sea floor,
usually with some manganese stain and/or encrusting organisms that originated
within the island arc.

APPENDIX

Attached to this report are the core descriptions for Cruises 1-8.
Finney and Mather described the cores from Cruises 1 and 2; Kolpack from 3
and 4; Finney, Mather, Zemmels, Grant, Blair, Koster, and Bell described the
piston cores from Cruises 5-8. Goodell described all of the trigger and
phleger cores. They are essentially field descriptions. All of the people
consistently underestimated the silt content of the sediments. Almost
without exception silty clay should be clayey silt; sandy clay should be
sandy silt. Goodell edited all of the descriptions to bring them into rough
conformity without deleting such comments as "athletic sock at 210 cm" (used
on core catcher). The color key used is that of the Geological Society of
America. This report would not have been possible without Mr. Dennis S.
Cassidy.
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