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ABSTRACT 

Abyssal sediments collected in piston cores were 

examined to determine sediment distribution patterns and 

active sedimentary processes in the Weddell Sea. Pelagic, 

hemipelagic, debris flow, and turbidite deposits were 

identified and distinguished by their individual 

characteristics of grain-size, sorting, texture, bedding, 

and sediment source. Sediment distribution patterns show a 

large turbidite fan complex extending across the 

northeastern portion of the basin. 

Recent turbidite deposition in the Weddell Sea has 

ocurred under polar glacial conditions. This has produced 

sequences distinctly different from those occurring in 

temperate glacial environments, as in the northern high 

latitudes. Polar turbidites consist of massive, 

thick-bedded gravels, sands, silts, and muds, which are 

significantly depleted in silt. Temperate turbidites are 

rich in silt, and typically consist of interlaminated, 

graded, silts and muds. 

Similarities exist between Weddell Basin and 

Bellingshausen Basin seismic data. These data suggest that 

turbidite deposits constitute most of the sediment fill in 

these basins 
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INTRODUCTION 

Although the geologic importance of the Weddell Sea 

has long been recognized, research in the region has been 

limited by its inaccessibility. The sedimentary processes 

active on the continental shelf and slope have been studied 

(Anderson, 1972; Anderson et al., 1979; 1979; 1980; Wright, 

1980; Wright and Anderson, 1982; Harlan, 1981), and are 

fairly well defined at this time, but very little work has 

been done on the processes affecting sedimentation on the 

abyssal floor. This study has been designed to investigate 

this extensive, but little known region of the Antarctic 

seafloor by looking at its sediment, as retrieved in piston 

cores. 

The importance of the Weddell Sea to the earth’s 

oceanic circulation lies in the fact that a major portion 

of Antarctic Bottom Water (AABW) is produced there. 

Antarctic Bottom Water presently controls abyssal 

circulation in most of the world's oceans, and major 

climatic changes in the past are thought to be linked to 

the development and movement of this cold, saline water 

mass (Lynn and Reid, 1968; Reid and Lynn, 1971). 

The Weddell Sea is a truly unique sedimentary basin. 

Modern sediments are almost entirely terrigenous, and the 

terrigenous sediment supply to the sea is strictly by 

glaciers. The continental shelves bordering the basin are 
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unusually deep (averaging 450 m), and, due to the isostatic 

depression and preferential erosion along the margin of the . 

grounded ice sheet, the northeastern shelf slopes toward 

the continent. Glacial erosion by the West Antarctic Ice 

Sheet has left the southern continental shelf almost 

completely circled by a deep (>1000m) depression. The 

western shelf has not been explored. Most of the Weddell 

Sea is covered by sea ice throughout the year, the only 

exception being the very eastern margin where narrow 

coastal leads develop during the summer. The combined sea 

ice cover and great depth and irregular topography of the 

shelf greatly limit the role of waves and wind driven 

currents as sedimentary agents. Tidal currents are 

relatively weak. In the absence of these processes, 

impinging deep currents and mass flow processes play a 

major sedimentologic role on the continental shelf and 

slope (Anderson et al., 1982; Wright and Anderson, 1982). 

The Weddell Sea is also ideally located for the study 

of the glacial history of the Antarctic continent, and, in 

particular, the extensive East Antarctic Ice Sheet. It 
* 

provides a major drainage outlet for the East Antarctic Ice 

Sheet along its eastern border, and the West Antarctic Ice 

Sheet on its southern and western borders. The basin is 

the ultimate repository for virtually all of the sediment 

eroded from the continent in this region. Since it is the 

only major basin off Antarctica that is surrounded on three 
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sides by the continent, and reaches abyssal depths within 

close proximity to the continent, it is a key to 

Antarctica's geologic history. 

The tectonic history of the Weddell Sea region is 

poorly understood at present, but it appears to be a key 

link in paleo-reconstruction problems. Several different 

Gondwanaland breakup models for the Antarctic, South 

American, and African plates have been suggested to explain 

the assortment of ridges, trenches, fracture zones, 

continental fragments, and microplates found in the region 

(Smith and Hallam, 1970; Barron et al., 1978; Harrison et 

al., 1979; Norton and Sclater, 1979). A better 

understanding of the Weddell Sea history could help solve 

some of these discrepencies. 

Largely for those reasons stated above, the Weddell 

Sea has also been designated as the most likely future 

drilling site in Antarctica in the Ocean Margin Drilling 

Project (OMD), the goals of which are to decipher the 

paleoenvironmental and tectonic history of the region. At 

present, the feasibility of solving these problems by 

drilling within the basin is somewhat suspect, as will be 

discussed further within the context of this study. 

In studying the abyssal sediments, this work addresses 

the following questions. (1) What are the sedimentary 

processes active on the Weddell Sea abyssal plain? (2) 

What is the relative importance of each of these processes, 



and how can their products be recognized and distinguished 

in sediment cores? (3) If sites are drilled in the Weddell 

Sea to determine the paleoenvironment, can the record 

retrieved be suitably interpreted, and what kind of 

knowledge can be gained from this operation? (4) To what 

extent can we hope to reconstruct the history of AAEW 

production, the development and history of the East 

Antarctic Ice Sheet, and regional tectonics of this 

important basin using the abyssal sedimentary record? 



STUDY AREA 

PHYSIOGRAPHY 

The Weddell Sea is a semi-enclosed continental 

margin-bounded basin opening to the north into the South 

Atlantic, and bounded on all other sides by the Antarctic 

continent (Fig. 1). Figure 2 shows the Weddell Sea 

bathymetry and core locations, while figure 3 is a three 

dimensional view of the physiography of the basin. The 

topography of the continental margins, and the sea floor 

within the basin, varies regionally. 

The continental shelf along the eastern edge of the 

basin is deep (the shelf break averages 400 meters), narrow 

(< 100 km), and is characterized by irregular topography 

(Fig. 2). The East Antarctic Ice Sheet, being grounded on 

the shelf, is partly responsible for the continentward 

slope of the shelf due to isostatic downwarping. The slope 

and rise are steep, and cut by a number of large submarine 

canyons. The Maud Rise is a notable high located just off 

the continental margin on the eastern edge of the Weddell 

Basin (fig. 2). 

To the south, the continental shelf extends beneath 

the extensive floating Ronne-Filchner Ice Shelf complex, 

which recieves its drainage primarily from West Antarctica 

(Denton and Hughes, 1981). Figure 4 is a map of the 

5 
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FIGURE 1 

Antarctic geography, showing locations 
(A), the Bellingshausen Basin (B), the 
East Antarctica, and West Antarctica. 

of the Vfeddell Basin 
Wilkes Basin (C), 
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FIGURE 2 

Map of the Weddell Sea region, showing the bathymetry 
core locations. 10= Islas Orcadas Cruises 127? and 15 
IWSOE= 1969 and 1970 International Weddell Sea 
Oceanographic Expedition. Deep Freeze 82 hydrographic 
stations in the western W'ecdell Sea mentioned in the text 
are marked with + ; from: Johnson, et al., 1981. 

' 
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FIGURE 3 

Three dimensional view of the Weddell Sea floor. Note the 
many seamounts in the basin, the large number of submarine 
canyons of the eastern slope, the narrow eastern shelf, and 
the wide southwestern shelf; from: Johnson, et al., 1981. 
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FIGURE 4 

Subglacial topography of the Weddell Sea southern 
continental shelf showing the Crary Trough, Orville Trough, 
and the Ronne Subglacial Basin surrounding the southern 
shelf; from: Eehrendt, 1962. 
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subglacial topography in this region showing the series of 

deep troughs that surround the shelf. Glacial advance and 

scour by the West Antarctic Ice Sheet has been proposed to 

explain these troughs (Anderson and others, 1980). 

Anderson et al. (1980) suggest that the Filchner Ice Stream 

advanced seaward, carving the deep Ronne Subglacial Basin 

and the Crary Trough. This erosion was probably 

preferentially controlled by structural features. 

The southern continental shelf is broader than the 

eastern shelf, and slopes seaward: it is not supporting 

grounded ice. The continental slope and rise are more 

gentle than on the eastern margin, and are cut by few 

submarine canyons. 

The western sector of the Weddell Sea is poorly known 

due to the extreme sea ice conditions in that region (Fig. 

5). The Larsen Ice Shelf extends seaward across the shelf 

for only a short distance. Its glacial source in the 

Antarctic Peninsula is rather limited. The broad, gentle 

shelf, slope, and rise of the southern Weddell Sea 

apparently continues around to the west into this region 

(Fig. 2). 

The Weddell Sea is loosely bounded to the north by the 

complex of ridges, fracture zones, and trenches represented 

by the South Orkney Islands, Scotia Plate Fracture Zone, 

South Sandwich Trench, South Sandwich Fracture Zone, and 

Southwest Indian Ocean Ridge (Figs. 3, and 6). Weddell Sea 



15 

FIGURE 5 

Sea ice conditions in the Weddell Sea during the summer 
field season of December through March 1973-1978. 0/W = 
open water; >3= greater than 3 OKTAS (eight CKTAS equals 
total ice cover). Note the extensive ice cover in the 
western Weddell Sea. 
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FIGURE 6 

Physiographic provinces of the 
-agnetic lineations, locations 
Land, and tectonic complex of 
fracture zones to the north; f 

Weddell Sea showing major 
of Dronning Maud Land, Coat 

ridges, trenches, and 
rom: Johnson, et al., 1981. 
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sediments have been ponded against volcanic highs, creating 

a relatively flat abyssal plain. This plain is frequently 

interrupted by partially buried basement highs and 

seamounts, such as the Islas Orcadas Seamounts (Fig. 30). 

TECTONIC SETTING 

To the east of the Weddell Basin lies Dronning Maud 

Land and Coats Land on the East Antarctic continent (Fig. 

2). There are very few rock exposures along this coast, as 

it is almost totally ice covered, and thus, little is known 

about the coastal geology. It is believed to consist of a 

Precambrian to Paleozoic crystalline shield complex, with a 

basement of granitic and high-grade metamorphic rocks 

overlain by flatlying sediments and volcanics (Craddock, 

1982; Adie, 1972; Orr, 1981). 

The Weddell Sea is bordered to the west by the 

Antarctic Peninsula. It is mostly composed of volcanic and 

sedimentary rocks, ranging in age from Paleozoic to Recent 

(Craddock, 1982; Adie, 1972; Orr, 1981). 

Field work in southern South America by Dalziel (1977, 

1982) and Winslow (1977; 1982); and geophysical surveys 

conducted in the Weddell Sea as part of the Norwegian 

Antarctic Expeditions of 1977 and 1979, and on Islas 

Orcadas Cruises 1277 and 1578, have helped clarify the 

tectonic history of the basin, though a number of models 
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still exist. Figure 6 shows the physiographic provinces 

and major magnetic lineations in the region. LaEreque and 

Barker (1981) and LaBreque and Keller (1982), suggest the 

Weddell Sea was formed during pre-Late Jurassic to 

Cretaceous times, when the Antarctic and South American 

continents rifted by means of a spreading center in the 

Weddell Sea region. This spreading center has probably 

been subducted beneath the Scotia Plate. Magnetic anomaly 

patterns (fig. 6) suggest a shift in spreading direction 

when the Mid-Atlantic Ridge developed during the 

Valanginian, allowing the counter-clockwise rotation of the 

Antarctic Peninsula which is required for proper fit in 

some reconstructions (LaBreque et al., 1981; 1982). 

Dalziel (1977, 1982) suggests a Late Jurassic-Cretaceous' 

age back arc basin origin for the Weddell Sea. 

Similarities between parts of the Southern Andes and the 

Weddell Basin suggest that these regions were in the same 

back arc type environment, and probably in close proximity 

during pre-Gondwana breakup (Winslow, 1977, 1982). In this 

model, the Antarctic Peninsula would rotate 

counter-clockwise as the basin opens. Zlotnicki et al. 

(1980) suggest that the Weddell Sea is a Tertiary marginal 

basin, however the Mesozoic crustal age found by LaBreque 

and Earker (1981) in the basin refutes this model. After 

the basin was formed, the opening of Drake's Passage during 

the Late Oligocène to Mid-Miocene (Earker and Burrell, 
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1977; Tucholke, 1976; LaEreque and Keller, 1982) promoted 

the development of Antarctic circumpolar circulation and 

the Weddell Sea gyre, a clockwise surface current which 

dominated circulation, and thus determined the present day 

circulation patterns. 

OCEANOGRAPHY 

Waves and wind driven currents are impeded in the 

Weddell Sea because of almost continuous sea ice cover, 

which greatly restricts wind stress on the sea surface 

(Fig. 5). Figure 7 shows the generalized circulation for 

the Weddell Sea (Anderson, 1972). The overall circulation 

pattern is that of a cyclonic gyre, created by the westward 

flowing Warm Deep Water (WDW) contour current (Gill, 1973). 

This water mass flows in along the Dronning Maud Land 

continental slope, and impinges on the shelf. Following 

the contour of the margin, it flows northward along the 

Antarctic Peninsula, and into the South Atlantic (Fig. 7). 

Saline Shelf Water (SSW) is created on the shelf by the 

formation of sea ice (Gill, 1973), and possibly by the 

freezing of seawater on to the base of ice shelves 

(Seabrooke and Hufford, 1971). Its flow across the shelf 

is influenced by geostrophic forces causing it to flow to 

the west-northwest (Gill, 1973; Carmack, 1974; Carmack and 

Foster, 1975). Eventually, SSW flows onto the upper slope 
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FIGURE 7 

Distribution and flow direction of the dominant water 
bodies in the Weddell Sea. Note the cyclonic flow of V»arm 
Deep Water in the Weddell Sea Gyre in the central basin; 
from: Anderson, 1972. 
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where it mixes with WDW to form cold, saline AAEW (Fig. 7). 

Newly formed AABW flows down the continental rise, and 

northeastward out of the basin (Fig. 7) (Gill, 1973; 

Gordon, 1974; Carmack and Foster, 1975; Foster and Carmack, 

1976). Antarctic Bottom Water flows out of the Weddell Sea 

at velocities of about 3 cm/sec, though it may flow faster 

where it is constrained by the ridges to the north and the 

Maud Rise to the southeast (Carmack and Foster, 1975). It 

has been suggested that this current is responsible for the 

erosion of sediments on the abyssal plain (Ledbetter and 

Ciesielski, in press), and around the Bouvet Triple 

Junction (Purdy and Twitchell, 1978), though this model is 

suspect as velocities are probably too low to remove all of 

the sediment, including the coarse ice-rafted fraction. 



METHODS 

A total of 73 piston cores and 3 Phleger cores from 

the Weddell Sea were examined for this study. These cores 

were collected during ARA Islas Orcadas cruises 1277 and 

1578, International Weddell Sea Oceanographic Expeditions 

(IWSOE) of 1969, and 1970, and Eltanin cruises 7 and 12 

(Fig. 2, showing core locations). The cores were examined 

in the Antarctic Research Facility at Florida State 

University, and a number of them were selected to be 

photographed, x-radiographed, and analyzed in more detail. 

Textural analyses to determine the hydrodynamic 

properties of the sediments were conducted on 16 of the 

cores according to the following procedures. Three cubic 

centimeter samples were collected at specified intervals 

from the cores. A subsample of approximately .1 gram was 

retained in a vial of deionized water for hydrophotometer 

analysis of fine silts and clays, while the remaining 

sediment was dried and weighed. The dried sample was then 

soaked in Calgon solution for disagregation, and washed 

through a 63 micron sieve. The fine fraction was collected 

in a plastic beaker and left to settle for at least two 

hours, while the coarse fraction was dried. When dry, the 

gravel was seperated from the sand by a -1 phi seive, and 

each fraction was weighed. After siphoning off the extra 

water in the plastic beaker, the fine fraction was washed 

25 
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into an 18 cm long test tube for decanting. Deionized 

water was added, and the tube was vigorously shaken to 

achieve a homogeneous mixture. Sediment finer than 6 phi 

was removed by siphoning off the upper 12 cm of water after 

a settling time of 8 minutes and 22 seconds. This 

procedure was repeated until the water in the test tube was 

clear after the settling time had elapsed. This coarse 

silt fraction (4 phi to 6 phi) was then allowed to settle 

for 10 minutes, the remaining water was siphoned off, and 

the sediment was then dried and weighed. The dry weight of 

the gravel, sand, and coarse silt was subtracted from the 

total dry sample weight to determine the fine silt and clay 

weight. 

Textural analyses entailed the use of the Rice 

University Automated Sediment Analyzer (RUASA), (Anderson 

and Kurtz, 1979), which includes a large settling tube 

(1.4m long), a small settling tube (.25m long), and a 

hydrophotometer, which is a photoextinction device. 

Approximately .5 gram of the sand fraction (-1 phi to 4 

phi) is analyzed by spreading the sediment thinly on a 
» 

plastic lid with deionized water, and then introducing the 

sediment into the large settling tube by slowly lowering 

the lid onto the water surface. As the sediment settles 

onto the weighing pan at the bottom of the tube, the 

cumulative weight, as measured by a strain guage, is 

collected during a period of 5 minutes and 30 seconds, and 



27 

stored by a computer for use in statistical calculations. 

The coarse silt (4 phi to 6 phi) data is collected in the 

same manner using the small settling tube, at a 21 minute 

analysis time. The sample is introduced as a homogeneous 

mixture of approximately 25 ml of deionized water and .1 

gram of sample. Fine silts and clays (6 phi to 10 phi) are 

analyzed by using the hydrophotometer. A homogeneous 

slurry is allowed to settle through a 4 cm water column for 

a period of 1 hour and 37 minutes. Transmissivity 

readings, which are taken at quarter phi time intervals, 

are inputed into the computer where equations for light 

scattering are employed (Jordan et al., 1971? Jordan, 

1977). Gibbs' equation (Gibbs et al., 1971) and Oden's 

formula (Krumbien and Pettijohn, 1938) were used for grain 

size determinations of sand sized and coarse silt sized 

particles respectively. 

Statisical calculations of the imput data include 

moment measures of mean grain size, standard deviation, 

skewness, and kurtosis. Weight percent of gravel, sand, 

silt, and clay, and frequency and cumulative weight 

percents are also computed. These data are then printed 

out, along with frequency and cumulative size distribution 

curves. Reproducibility tests were run on the system, and 

gave mean grain size variations on the order of 1% for the 

large tube and 5% for the small tube (Anderson and Kurtz, 

1979) . Accuracy tests conducted on the hydrophotometer by 
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Singer (1982) showed that progressive inodes in grain size 

were detectable by the apparatus. 

A microscopic examination of the sand fractions of all 

samples, and of a large number of sedimentary clasts, was 

conducted to determine the general minerology, relative 

degree of sorting, presence of ice rafted debris (IRD), and 

the occurence of microfossils. When present, benthic 

foraminifera were examined to determine if they had been 

displaced. A number of sedimentary clasts were sampled and 

sent to Dr. Paul Ciesielski of the University of Georgia, 

for age determinations. 

X-radiographs of selected core sections were taken to 

examine the internal structure of units of particular 

interest. The large number of cores involved in this study 

precluded the x-radiography of all cores. 

Cores 1277 12, 24, 28, and 36 were sampled at 25 

centimeter intervals for IRD content. These samples were 

dried, weighed, washed through a 63 micron sieve, dried 

again, and weighed to determine the weight percent of the 

unsorted sand and gravel. Sorting was determined by 

microscopic examination. 



SEDIMENTARY PROCESSES 

NORMAL MARINE PROCESSES 

SheIf-Slope-Rise 

A question of importance in any study of sediment 

distribution is that of how the sediment is transported to 

the site of deposition. Both the sediment source and the 

mechanisms of transport play a major role in determining 

what types of sediments are found in a location. Processes 

controlling coarse grained sediment transport have been 

intensively studied in the past, and are fairly well 

understood at present. On the other hand, fine grained 

sediments, which usually travel as suspensates, were 

neglected until recently, due largely to the difficulties 

involved in working with these sediments. These sediments 

include both terrigenous material, which is transported to 

the sea by continental processes or resuspended from bottom 

sediments, and organic material. Pelagic biota is 

incorporated into the water column suspensates, while 

benthic biota, when resuspended, is retained in the bottom 

suspended sediment layer. Three volumes, "Shelf Sediment 

Transport: Process and Pattern" (Swift, et al., eds., 

1972), "Marine Sediment Transport and Environmental 

Management" (Stanley and Swift, eds., 1976), and 

"Sedimentary Environments and Facies" (Reading, ed., 1978), 

29 



provide a comprehensive review of fine grained sediment 

transport as we understand it today, and are used as a 

basis for the following discussion. 

Meade (1972), Schubel and Okubo (1972), and Drake 

(1976) discuss transport processes of suspended sediments 

across the continental shelf. Two modes of transport are 

suggested, the first being diffusion, and the second being 

advection. Diffusion of fine grained sediments seaward 

usually occurs as a surface layer, or in the upper layers 

of the water column. This diffusion is aided by water 

movement from waves, tidal mixing, or wind driven currents. 

A good example of this process is a low salinity sediment 

plume at the mouth of a river which diffuses seaward at the 

surface due to its low density. This process is not 

thought to be a major contributor to fine grained sediments 

in the deep sea. The second process, which probably 

accounts for a large portion of the fine grained sediments 

found on the sea floor, is that of advection. Through 

advection, suspensates are transported across the shelf 

floor as a dense nepheloid layer. Density difference, and 

thus gravity, is the main driving force in this model. 

Mudstreams off deltas, current convergences, turbid layer 

density flows, and cold water cascading are examples of 

advection. Coastal and shelfal morphology, the energy 

levels of the transport mechanism, wave and current 

activity, and storm frequency determine the effectiveness 
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of these processes. Meade (1S72) points out that in many 

coastal environments much of the suspended sediment 

delivered to the coast is trapped in estuaries and coastal 

marshes, and thus never reaches the continental shelf. The 

fine grained sediments that do get past these coastal 

traps, eventually make their way to the deep sea floor. 

McCave (1972), Kelling and Stanley (1976), and Pierce 

(1976) discuss the transport of fine grained sediments down 

the continental slope and rise. Though the exact 

mechanisms of transport are still unclear, Pierce (1976) 

summarized four models that have been proposed (Fig. 8). 

These models are as follows. 

A. Excess density is sufficient to maintain gravity flow 

near the bottom. This mechanism has been rejected by Drake 

et al. (1972). They have calculated that these dense 

layers are incapable of reaching abyssal depths intact, as 

they are diverted and dispersed at pycnoclines. 

B. Near bottom turbid zones ate transported seaward by 

shelf currents, and are then detached at density boundaries 

in the water column. 
* 

C. The process called cascading is much like model B, the 

main difference being that this model presumes only one 

detachment zone within the water column. Assuming rapid 

cooling conditions, nearshore waters and their suspensates 

would move seaward and downslope, with no resuspension 

process necessary 
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FIGURE 8 

Suspended sediment transport models as described in the 
text; from: Pierce, 1976. 



A 

Excels density flow 
( Moore, 1969 ) 

c 
Cascading 

( Nelson and others, 1973 ) 

D 
Single particle settling, 

accumulation at density interface 
and renewed settling 

( Bouma and others, 1969 ) 

FIGURE Schematic models suggested for transport of sus• 
pended material from the continental shelf into the deep sea. 
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D. Suspended sediment bypasses the shelf by the processes 

of advëction and diffusion, and then settles through the 

water column, being periodically concentrated along 

pycnoclines. 

Two models that are perhaps suggested, but not deary 

expressed in the summary above, entail the movement of 

suspended sediment down submarine canyons. In the first 

model, down-channel currents transport the suspended 

sediments to the seafloor, while in the second model, high 

density turbidity currents flowing down the canyons are 

responsible for suspensate transport. These turbidity 

currents seem to be one of the main mechanisms for fine 

grained sediment transport to the sea floor, while down 

channel curren.ts are probably of little importance 

volumetricly (Drake, 1976). Eolian transport is another 

mechanism not included in the above models, but it is 

probably not significant, as relatively small volumes of 

sediment are normally transported in this manner. 

Abyssal Plain 

Pierce (1976), Jenkyns (1978), and Rupke (1978) have 

summarized the transport of fine grained sediments on the 

deep sea floor. Once the sediment has reached abyssal 

depths, it either settles out fairly quickly, or is 

incorporated into the near bottom nepheloid layer. The 
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thickness and movement of this layer is determined by the 

bottom water with which it is associated. Thicknesses 

range from 720 to 2200 meters for nepheloid layers 

associated with AABW around the world (Pierce, 1976), and 

from a few hundred meters to greater than a kilometer for 

the nepheloid layer associated with the Western Boundary 

Current in the Northwest Atlantic (Pierce, 1976). 

Concentrations vary greatly with distance from source, and 

with intensity of flow of the bottom water. Values range 

from .03 to .3 mg/1 for AAEW, and .01 to .1 mg/1 for the 

North Atlantic (Pierce, 1976). Heezen and Hollister (1974) 

have suggested that velocities of these currents, which 

range from 4 to 40 cm/sec, are clearly capable of keeping 

fine sediments (6 phi to 10 phi) suspended within the water 

column, and with the help of biological mixing, currents 

with velocities of 2.5 cm/sec are capable of resuspending 

bottom sediments (Singer, 1982). Deposition, however, does 

occur, and in some instances, in a relatively rapid manner 

as shown by minéralogie distributions on the sea floor 

(Pierce, 1976). The mechanisms by which this sedimentation 

occurs are not fully understood, but both flocculation of 

clays in sea water and fecal pellet production seem to be 

important factors. Deposition of fines from slow moving, 

low density, turbidity currents is also an important 

depositional process. 



GLACIAL AND MARINE SEDIMENTARY PROCESSES 

Shelf-Slope-Rise 

The Weddell Sea region is a glacial marine 

environment, and therefore, most of the normal diffusive 

and advective processes for transporting suspended sediment 

to the deep sea mentioned above do not operate there. 

Since there are no rivers or meltwater streams to bring 

sediment to the sea, erosion and transport of terrigenous 

sediment is entirely dependant upon glaciers. Presently, 

Antarctic glaciers appear to be delivering relatively small 

amounts of terrigenous sediment to the sea floor (Anderson 

and others, in press). The sediment that is transported to 

the sea is either released from ice that melts out directly 

beneath ice shelves, or is rafted away in icebergs. Polar 

glaciers do not produce freshwater sediment plumes, as they 

have no basal melt zone (Anderson et al., in press). Due 

to extensive ice cover, wind generated currents are 

minimized and wave activity is dampened, thus reducing two 

key diffusive operators. Also, tidal currents are 

relatively weak. Because of the continentward slope of the 

eastern shelf, gravity driven advective processes active on 

this shelf transport sediments landward rather than 

seaward. 

These conditions would suggest a sediment starved 

abyssal environment, yet a large proportion of modern 
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Weddell Sea abyssal sediments are terrigenous, and 

therefore must be coming from the continent or continental 

margin by some means. Suspended sediments are probably 

derived directly from the melting of glacial debris.zones 

and the resuspension of relict sediments by shelf currents, 

with the help of bioturbation. These sediments may then 

form a nepheloid layer that is transported either seaward 

or parallel to the slope by WDW and SSW, Saline Shelf 

Water would transport sediments offshore and down slope, 

while the impinging WDW contour current would transport 

sediments westward along the shelf and eventually down 

slope. This contour current is capable of eroding and 

transporting fine grained sediments from the shelf edge and 

slope, as is evidenced by the contourite deposits cored 

along the eastern continental slope (Anderson et al., 

1979). 

Carmack and Foster (1975) describe a cyclonic 

circulation beneath the Filchner Ice Shelf, which could 

also be responsible for nepheloid layer transport seaward. 

Jacobs and others (1970) describe a nepheloid layer 

associated with the seaward moving AABW on the Ross Sea 

continental slope and rise. Although nephelometer data are 

not available to confirm a similar situation in the Weddell 

Sea, it is likely that the production and movement down 

slope of Weddell Sea AABW is responsible for the transport 

of some suspended sediments seaward. During Deep Freeze 
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82, suspended particulate matter concentrations were 

measured at two stations on the continental slope in the 

western Weddell Sea (Fig. 2, showing locations) showed very 

high concentrations in the bottom waters (6.5 mg/1)(Brake, 

1981 personal communication; Dunbar, et al., 1982). Brake 

has attributed this peak to the resuspension of bottom 

sediments. Brake supports his suggestion with grain size 

analyses of the bottom sediments in this area, which show 

the sediments of the outer shelf-upper slope to consist of 

negatively skewed gravelly sands, implying bottom 

winnowing. 

Fine grained sediments that do not bypass the 

slope-rise environment as suspensates may be transported 

down slope by mass flow processes. Due in part to an 

absence of normal marine processes, mass flow processes are 

responsible for most of the sediment transport on the 

Weddell Sea slope, rise, and abyssal floor (Wright and 

Anderson, 1982). 

The various types of sediment gravity flows, as 

defined by the end members of turbidity current, fluidized 

flow, grain flow, and debris flow have been defined and 

discussed by Carter (1975), Lowe (1976), Middleton and 

Hampton (1976), as well as many others. Processes active 

on the Weddell Sea continental shelf, slope, and rise have 

been studied in detail by Anderson (1972), Anderson and 

others (1979; 1979; 1980) , Wright (1980), Wright and 
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Anderson (1982), and Harlan (1981). By far the most 

commonly observed deposits in the Weddell Sea are those 

produced by slumps, turbidity currents, and debris flows. 

Maisey (1979) points out slump deposits on the steep 

eastern slope as seen by seismic records. Down slope these 

slumps develop into debris flows and turbidity currents as 

more water is incorporated into the flow (Wright and 

Anderson, 1982). Kurtz and Anderson (1979) describe debris 

flow deposits found on the continental slope, while Wright 

and Anderson (1982) describes transitional flow deposits on 

the slope, and defines an extensive sand turbidite deposit 

on the abyssal floor. Harlan (1981) found that most 

Weddell Sea continental rise sediments were also of mass 

flow origin. These processes transport large quantities of 

fine grained sediment to the sea floor as is evidenced by 

the grain size data in these studies. 

/ 

Abyssal Plain 

After transport by one of these mechanisms to the 

abyssal plain, the sediment is deposited. The mode of 

transport is reflected in the sediment types found on the 

abyssal plain. The four sediment types found on the 

Weddell Sea abyssal plain are pelagic, hemipelagic (which 

includes IRD), debris flow, and turbidity current deposits. 

Of these, hemipelagic, turbidity current, and debris flow 

deposits are volumetricly the most important. They are 
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also the hardest to distinguish and least understood 

abyssal sediments, and they are therfore the subject of the 

bulk of this work. Figure 9 diagrams these four sediment 

types and their modes of transport to the sea floor. 

Pelagic Sediments 

Pelagic sediments, as used here, are those sediments 

derived from marine biota and chemical precipitation from 

sea water. These include biogenic skeletons, fecal 

material (sometimes terrigenous in composition), organics, 

and the chemical precipitates of glauconite, and 

iron-manganese. Pelagic sediment is unsorted, and 

generally fine silt to clay in size, though sand sized 

Fe-Mn nodules have been found, and some biogenic debris, 

mainly radiolaria diatoms, and foraminifera in this case, 

are sand and silt sized. Being surrounded on three sides 

by land masses, the Weddell Sea is subject to large amounts 

of ice rafting. Biogenic sediments are rare, and only 

occasionally found without a terrigenous component. The 

paucity of biogenic sediments is attributed to the harsh 

nature of the environment, particularly perrenial sea ice 

cover which limits biological activity, and to poor 

preservation of both siliceous and calcareous biogenic 

material. 

The Weddell Sea abyssal plain is below the present 

calcite compensation depth (CCD) (Anderson, 1975), and thus 
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FIGURE 9 

Diagram of the four sediment types, their dominant 
constituents, and transport mechanisms on the abyssal 
floor: 1. pelagic (biogenic and chemical precipitates) 2. 
debris flow (terrigenous and/or biogenic, flowing down 
slopes) 3. hemipelagic (terrigenous and biogenic, 
containing IRD) 4. turbidite (mainly terrigenous, flowing 
down slopes) . 
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preservation of calcium carbonate does not occur. 

Siliceous oozes occur in the region of the Antarctic 

Divergence, where upwelling occurs and productivity is 

high, and in areas where terrigenous sediment input is 

restricted (Fig. 10). These are seen along the northern 

edge of the basin in cores 15-4, 5, and 6 (Fig. 2). When 

deposited on irregular topography, these sediments are 

frequently redeposited by debris flows, as will be 

discussed in a later section. The occurence of calcareous 

foraminiferal ooze on the flanks of a volcanic high (core 

15-5, Fig. 2) and on the Maud Rise (cores 12-34 and 35, 

Fig. 2) is significant as these examples represent two of 

the few bathyal high latitude carbonate occurences known 

(Anderson, personal communication). Anderson (1975) 

describes the CCD as being highly variable in the Weddell 

Sea, ranging from shelf to abyssal depths. Cores 12-34 and 

35 were collected at 2679 m and 2527 m respectively, which 

is apparently above the CCD in this region. These 

foraminiferal oozes may also represent a lag surface on the 

Rise created by winnowing of sediments by the WDW contour 

current flowing across this high. On the other hand, 

Defelice (in press) suggests that the large number of 

foraminifera is due to the high productivity associated 

with a major polynya that occurs in the area of the Maud 

Rise. 

Probably most important is the fact that these ridges 



FIGURE 10 

Map of the 
region and 
line shows sea ice 
presently confined 

Weddell Sea showing 
the location of the 

limit) 
to the 

the major 
Antarctic 

currents of the 
divergence (dotted 

Siliceous ooze deposition is 
area north of the divergence 

(vertical pattern), terrigenous sediments predominate to 
the south of the divergence, and calcareous ooze occurs 
mainly on the Maud Rise (diagonal pattern); from: Johnson, 
et al., 1981. 
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are isolated from terrigenous sediment input. This implies 

that terrigenous sedimentation masks biogenic sedimentation 

on parts of the margin, and that this terrigenous 

sedimentation is higher than otherwise expected. The 

foraminiferal ooze in core 15-5 is much less easily 

explained, as it was collected at 3968 m, which is probably 

well below both the CCD in this region and the erosive 

Antarctic Circumpolar Current. It may represent a lag 

formed at shallower depths, redeposited by mass flow 

processes, and then preserved by burial. 

Iron-manganese precipitation seems to be quite active 

throughout the region, and particularly active in the 

western Weddell Sea. Iron-manganese micronodules were 

found in nearly every core examined. This could be due in 

part to the proximity of the volcanic activity to the 

north, and to the oxygen rich flow of AABW across the 

abyssal plain (Harlan, 1981). This oxygen rich bottom 

water promotes combustion of most of the organics in the 

region. Glauconite appears in the eastern Weddell Sea 

cores in the form of replacement of foraminifera tests and 

in diageneticly altered fecal pellets. Harlan (1981) found 

glauconite in foraminifera tests, fecal pellets, and 

altered biotite in eastern slope and rise cores, and 

attributes this to the physical and chemical conditions 

associated with the WDW flowing through this area. 



Hemipelagic Sediments 

Sediments that contain both pelagic and terrigenous 

components are termed hemipelagic. These sediments are 

typically unsorted, homogeneous, bioturbated, and range in 

size from gravel to clay (Fig. 11). Unless disturbed by 

bioturbation or resedimentation, they are normally 

laminated. Thé terrigenous component may be supplied by a 

number of mechanisms including ice rafting, mass flow, 

bottom current transport, eolian transport, and settling 

from nepheloid layers. The relative abundance of each 

component will vary throughout the core as conditions of 

deposition change. This would occur, for example, if ice 

rafting increased for a period of time, or if an episode of 

increased turbidity current activity deposited a thick 

layer of sediment. As the sedimentation rate of 

hemipelagics can at times be fairly high, these sediments 

are prone to redeposition by mass transport processes when 

deposited on a grade. Cores 12-31, 32, 33, 34, and 35 

(Fig. 2), which all show evidence of debris flow, 

illustrate this process as it occurs down the slopes of the 

Maud Rise. 

An important component of hemipelagic sediments is the 

IRD. It has been used in the past to study a number of 

paleoceanographic and paleoenvironmental conditions such as 

glacial history, bottom water flow intensity, current 
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FIGURE 11 

Grain size distribution of typical hemipelagic sediment: 
core 018 (30 cm) , (see fig. 2 for core location). Note the 
coarse ice rafted debris fraction; the finer fraction 
consisting mainly of terrigenous silts and clays. 
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variability, and paleoclimate. The process of ice rafting 

in itself is quite simple, but the factors affecting ice 

rafted deposits are numerous and varied. Unfortunately, 

most studies using IRD do not consider these factors, and 

are thus somewhat misleading. 

Ice-rafted debris is typically immature, unsorted, 

glacially faceted, gravel to clay sized material. It 

originates as sediment that is eroded from the continent 

and transported to the sea by glaciers. As icebergs calve 

and are carried seaward by currents, the icebergs slowly 

melt, spreading the entrained debris across the seafloor. 

The amount of IRD deposited in a region depends on the 

glacial regime, current activity in the water column, 

temperatures in the upper 200 m of the water column, the 

wind regime (which, along with surface currents, controls 

iceberg drift paths), and the relative activity of other 

sedimentary processes (biological productivity, mass 

transport activity, etc.). The variation of any of these 

factors could vastly affect the IRD record. The size 

fraction analyzed is another factor that should be 

considered when examining IRD patterns. In the past, only 

the >63 micron fraction of the sample was measured as IRD, 

the rest being regarded as hemipelagic. Yet, IRD consists 

of both coarse and fine fractions, and thus, an incomplete 

and often nonrepresentative fraction, by virtue of its 

small size, was being analyzed. The problems lie in (1) 



how to determine what is hemipelagic and what is IRD, and 

(2) how to seperate the two for analysis. These are 

important problems to consider when doing IRD studies, and 

can only be overcome by doing total grain size analyses on 

samples. 

In his study of ice flow patterns in the Weddell Sea, 

Ackley (1978) used satellite-photographs of icebergs and 

records of the beset ships Endurance (in 1916) and 

Deutschland (in 1912) to track the movement and speed of 

ice drift. He found that the ships moved at appproximately 

4 km/day and that the ice flowed at approximately 3 km/day 

in a clockwise direction around and out of the basin, 

carried by the Weddell Sea Gyre surface current (EKD) (fig. 

12). Assuming that icebergs have similar drift paths, an 

assumption born out to some degree by our own observations 

and the fact that surface circulation is clockwise, 

sediments of the eastern half of the Weddell Sea floor 

should contain IRD soley from the East Antarctic Ice Sheet, 

and thus should provide a good record of its glacial 

history. This record could be quite valuable in 

interpreting major climatic changes in the past if a 

competent method of studying IRD could be developed. 

Figure 13 shows IRD concentrations measured downcore 

from cores 12-12, 24, and 28, which are Cuaternary in age, 

and core 12-36, which is Miocene in age. Concentrations 

are highly variable, showing no correlations between cores. 
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FIGURE 12 

Drift patterns of the beset ships Deutschland (in 1912) an 
Endurance (in 1916), and the large iceberg tracked by 
satellite (in 1975). Note the general clockwise drift 
pattern caused by the Weddell Sea Gyre; from: Ackley, 
1978. 
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FIGURE 13 

Ice rafted debris curves for cores 12-12, 24, 28, and 36 
(see fig. 2 for core locations). Cores 12-12, 24, and 28 
contain Quaternary sediments, while core 12-36 contains 
Pliocene to Miocene sediments. Note the lack of peak 
correlation between cores, and high IRD percentages in 
cores 12-24, and 36 caused by an abundance of foraminifera. 
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This variability is due to the changes in the influential 

factors mentioned above. Cores 12-24 and 36 are composed 

almost entirely of planktonic foraminifera, while core 

12-12 contains a large proportion of volcanic ash in some 

samples. These samples illustrate the difficulties and 

uncertainties involved in conducting IRD studies. All that 

can be confidently said about these cores is that there 

was, in fact, ice rafting occurring during the time of 

their deposition. This fact can easily be determined by 

looking at the sample through a microscope. 

Debris Flow Deposits 

Debris flow, a gravity flow process in which the 

sediment support mechanism is matrix strength, is quite 

common on the Weddell Sea abyssal plain. Fifty percent of 

the cores examined (39 cores) contained debris flow 

deposits. Volumetrically, they compose roughly 20% to 30% 

of the cored sedimentary record. This is unusual for the 

abyssal floor, as debris flows require a fairly high 

gradient for movement. The large number of abyssal hills 

found in the Weddell Sea explains these occurrences, as 

each of these cores is associated with a local high. 

Figure 14 shows a seismic profile of part of the Weddell 

Sea abyssal plain showing a number of seamounts with ponded 

sediments between them. Sediment cores containing debris 

flow deposits are found throughout the region, but are 
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FIGURE 14 

A) Photograph of a seismic profile from the northern edge 
of .the basin showing the location of core 15-7 (see fig. 2 
for core location), and the numerous seamounts down which 
debris flows travel. Also note the variable depths of 
ponded sediments, and weakly laminated reflections from 
these sediments, as is discussed in the seismic chapter of 
the text (scale in seconds). 
B) Photograph of a seismic profile across the abyssal plane 
showing the location of core 15-44, and a seamount down 
which debris flows travel. Also note the continuous, 
finely laminated reflections of the sediments, as is 
discussed in the seismic chapter of the text; provided by 
J. LaEreque. 
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always taken down slope of seamounts. The distribution of 

debris flow deposits is shown in figure 15. 

Debris flow deposits typically consist of unsorted, 

homogenous, hemipelagic sediments. Figure 16 shows the 

grain size distributions through two of these debris flow 

units. They are composed predominantly of silt to 

clay-sized grains, with the small sand to gravel-sized 

fraction normally consisting of IRD. Their appearance is 

mottled, and at times almost swirled, due to the mixing of 

different textured and colored sediment. This mottled 

apprearance at first resembles bioturbation (and has been 

described as such in the lithologic logs of some of the 

cores) but, upon closer examination of the cores and their 

x-radiographs, this interpretation is rejected. The units 

frequently contain sedimentary clasts or clast zones, which 

will be discussed in greater detail below. Figure 17 is a 

photograph of the mottling and sedimentary clasts in cores 

15-5 and 6, and figure 18 is an x-radiograph of the same 

segment of core 15-6. Iron-manganese micronodules, and 

encrusted pebbles are frequently spread throughout these 

units, such as those seen in figure 17. The debris flows 

are overcompacted and very cohesive. They range in 

thickness from 10 to 300 cm., but are most commonly around 

60 cm thick. They are usually interbedded with soft, 

laminated, water-rich hemipelagic sediments (cores 15-5, 6, 

7, 8, 14, 39, 40, 41, 47, 47A, 49, 52, 12-25, 26, 27, 31, 
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FIGURE 15 

Distribution of turbidite and debris flow deposits in the 
Weddell Sea. Debris flows are associated mainly with the 
volcanic highs to the north, the Maud Rise, and the Islas 
Orcadas Seamounts. Sand turbidites fan out from the slope, 
while silt and mud turbidites fringe sand turbidites. 
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FIGURE 16 

Grain size distributions of typical debris flow deposits: 
cores 12-37 (640-920 cm), and 15-7 (648-695 cm). Core 
12-37 was collected near the Maud Rise, and contains coarse 
terrigenous sediments, while core 15-7 was collected along 
the northern edge of the basin and consists of fine pelagic 
sediments. A rigid plug is believed to exist at 629 cm in 
core 15-7. 



63 

w 
"e 
i 
9 
h 
t 

P 
0 
r 
c 
e 
n 
t 

CORE 
12-37 

phi 

SIZE 



64 

CORE 15-7 . 
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FIGURE 17 

Photographs of debris flowed sections of cores 15-5, 6, 
12-37, showing mottling, and sedimentary clasts in core 
15-5, and 6 (composed of diatomaceous ooze, and volcanic 
ash) , and Fe-Mn coated pebbles in core 12-37. 

v 

and 
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FIGURE 16 

A. X-radiograph of 
debris flow unit as 
B. X-radiograph of 
turbidite sequence. 

core 15-6 (620-640 cm) showing the same 
in figure 19. 
core 15-11 (110-130 cm) showing silt 
Note the fine laminae at the base of 

the turbidite, and the more massive appearance above. 
Grain size analysis of this sequence is shown in fig. 19. 
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32, 33), and occasionally interbedded with turbidites 

(cores 15-39, 40, 41, 50, 55, 12-18, 19, 22, 32, 37, 42, 

46) (See Appendix I for lithologic logs; and fig. 2 for 

their locations). 

The sedimentary clasts in these deposits are of 

particular interest because of their ubiquitous nature and 

large size. They vary in size from less than 1 mm to over 

150 mm, averaging 10 to 20 mm, and are composed of biogenic 

ooze (usually siliceous), mud, and less frequently, silt, 

sand, and volcanic ash. They are probably formed by rip-up 

of bottom sediment by the debris flow, or by shearing 

within the debris flow in the region of the rigid plug. 

They are found in all types of lithologies, though they 

tend to be most numerous in pelagic clay, mud, and 

diatomaceous mud. Some clasts are soft, while others are 

quite compacted, and a few appear to be outcrop fragments. 

Compacted clasts are found spread individually throughout 

the unit, but are more commonly concentrated in layers, 

which are up to 15 cm in thickness. The soft clasts are 

only found individually. Clasts such as these have been 

found in other deposits: Tucholke and Houtz (1976) 

describe clasts in the Bellingshausen Easin abyssal cores, 

and Marlowe (1968) describes clasts in Baffin Bay 

sediments. In both of these cases, the authors attribute 

the clast-containing sediments to debris flow or slump 

deposits associated with local highs. 
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Johnson (1965; 1970) developed a model for debris flow 

deposition which relates the weight of transported clasts 

to matrix strength, and therefore the competence of a 

debris flow. His model states that the weight of the 

largest transported clast in a flow equals the buoyancy of 

the clast and the matrix strength of the flow: 

pga/M? )=p,g(l/6^D? )+1.4^0* 

weight * buoyancy + strength 

where p=clast's density, p'=matrix density, g=acceleration 

of gravity, D=clast diameter (assumed spherical), and 

k=yield strength of matrix. Later, Hampton (1975) tested 

this model using a kaolin-water slurry, and poorly sorted 

glacial outwash gravels and sands in a laboratory flume. 

His results suggest that the weight percent of ocean water 

in the slurry must be less than 60 to support grains of 2.5 

mm or larger (assuming shear in the flow). A number of 

other factors would effectively enhance the competence of 

the flow. Competence is increased when no shear is 

experienced, and it is also likely to increase when clays 

other than kaolin are used, as kaolin's low cation exchange 

capacity and large size create a relatively weak slurry 

(Hampton, 1975). The effect of grain dispersive pressure 

within the flow enhances the competence by adding a 

secondary support mechanism (Hampton, 1975). Since the 

density of the clasts is less than that of gravel, and 

their surface area is greater than that of gravel (as they 
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are frequently not spherical), competence would again be 

effectively enhanced. This then suggests that flows 

supporting large individual clasts within the zone of 

movement must have been relatively concentrated in nature. 

Large clasts can be seen in core 12-23, which is a very 

immature debris flow, and they can be seen scattered 

through cores 12-22, 42, 15-41, and 52, as well as many 

others (see appendix I, and Fig. 2). 

The larger compacted clasts found in laminae, or 

thicker layers, were probably transported as a rigid plug 

in the flow. Hampton (1975) states that grain size within 

the plug is usually larger than in the shear zones above 

and below the plug, and that the plug boundaries normally 

migrate within the flow. This migration would explain the 

irregular and fractured appearence of the clasts within the 

plug, or flows that have experienced shear throughout their 

thickness, and thus exhibit no plug. In core 15-7 (Fig. 

16), the unit analyzed contained what appeared to be a 

rigid plug at 692 cm depth. This sample did not 

disagregate well during analysis, and it appears coarser 

than the other samples. It also contains less of the fine 

clay matrix fraction than the other samples from this unit. 

The top of this debris flow probably occurs at 672 cm, and 

is overlain by finer pelagic sediments (662-648 cm. Fig. 

16). Thick layers of clasts, which could have been 

transported within rigid plugs, can be seen in many of the 
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cores located along the ridges at the northern and western 

edges of the basin. Cores 15-47, 47a, 48, 52, 55, and 56 

are the best examples of this type of clast occurrence (see 

appendix I). Hampton also suggests that ideal flows could 

move down even the slightest gradient providing the 

sediment is thick enough, but that the effects of 

grain-flow within the debris flow reduces its flow ability, 

and necessitates a minimum slope angle. 

Turbidity Current Deposits 

A turbidity current is a gravity driven flow process 

in which the sediment is supported by fluid turbulence. 

The deposit formed from a turbidity current is termed a 

turbidite. As noted by Heezen and Hollister (1964), 

turbidity currents are very active in the glacial marine 

environment. This is particulary well demonstrated in the 

Weddell Sea. The huge turbidite sand body shown in figure 

15 covers more than 662,000 square km (Wright and Anderson, 

1982). The sand portion of this fan extends far out onto 

the abyssal floor (cores 15-39, 40, 42, 43, 44, 45, 50, 

12-42, 43, 46) , while the more distal silt and clay 

sequence reaches across the abyssal plain to the volcanic 

highs at the northern edge of the basin. For the purpose 

of discussion, these fine grained sediments will be divided 

into two types; a sorted coarse silt component (silt 

turbidites), and an unsorted fine silt to clay component 
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(mud turbidites). The sorted coarse silt deposits clearly 

fit the classical turbidite model, and shall be discussed 

as such, while the fine silt to clay component of the 

turbidite is not easily recognized, and shall be addressed 

in the discussion section that follows. 

The sorted coarse silt deposits have typical turbidite 

characteristics. Figure 19 shows the grain size 

distributions through two of these sequences. They are 

moderately to well sorted, normally graded (though the mode 

shift is usually <1 phi), and usually massive, though some 

do show fine laminae. The sorted sequence is typically 

from 4 phi to 6.5 phi, the mean grain size being about 5 

phi, and the sediments are positively skewed. These units 

are easily recognized in the cores, and are up to 30 cm 

thick, though they are more frequently between 5 and 10 cm 

thick. They normally have a sharp and sometimes eroded 

base, as is evidenced by an irregular contact (cores 15-9, 

11, 12, 39, 40, 41), a lag (cores 15-41, 12-37), or 

occasionally sedimentary clasts found along the contact 

(cores 15-39, 41, 50) (see appendix I for lithologic logs, 

and fig. 2 for core locations). Clasts are usually 

composed of silt or clay. While the upper contact is 

sometimes erosional and followed by another turbidite 

sequence, it is more typically gradational into the 

overlying mud unit. As seen in core 12-42 (Fig. IS), size 

grading is in the form of a gradual increase in the fine, 
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FIGURE 19 

Grain size distributions of typical silt turbidites: cores 
15-11 (110-125 cm), and 12-42 (86-102 cm). Note that 
sorting is better than in hemipelagic sediments of the area 
(Fig. 11). Also note the subtle grading, which involves an 
actual shift in the dominant transport mode (core 15-11, 5 
phi grain size marked), while in core 12-42 this subtle 
grading involves a progressive increase in the fine, 
unsorted suspended component in relation to the dominant 
transport mode (core 12-42, 6 phi grain size marked). Core 
12-42 was collected in the central basin and also contains 
sand turbidites, while core 15-11 was collected in a more 
distal (northeastern) portion of the basin (see fig. 2 for 
core locations). 
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unsorted suspended mode upward in the unit, whereas true 

size grading of the dominant transport mode occurs in core 

15-11. 

Approximately 40% of all the cores examined contained 

easily identifiable turbidite sequences of either sand, 

silt, or mud. Of these, the particularly good examples 

will be noted. Core 15-11 (appendix I) contains the best 

examples of coarse silt turbidites. This core contains six 

distinct silt turbidite sequences, three of which are in 

erosional contact with each other. Mud turbidites compose 

parts of the interbedded sequences between these silts. 

Core 15-12 (appendix I) contains two good silt turbidites, 

with an interbedded mud turbidite between them. 

X-radiographs of this section clearly show the massive silt 

layers, and the interbed laminated mud layer. Core 15-9 

contains a. silt turbidite at its base that grades into a 

mud turbidite. Four other mud turbidites are seen in this 

core, one of which shows an irregular, erosional base. 

Cores 15-39, 40, and 41 (appendix I) each show a series of 

sand or silt turbidites that grade into finer turbidite 

units above. Core 39 shows the complete progression from 

sand to silt to mud in one segment. Cores 12-19, and 22 

contain between 10 and 20 small cycles of sand, silt or mud 

turbidites, with interbedded debris flow and hemipelagic 

deposits. Sediment textural analyses for the analyzed 

units can be found in appendix II, while the lithologic 
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logs of these cores csn be found in appendix I. Turbidite 

(t) and debris flow (df) sections are marked on these core 

logs. 

The sand fraction of some of these turbidite sequences 

consists almost entirely of a single sediment type. Some 

samples from cores 15-11, 39, 41, 12-18, 19, 22, 23, 37, 

and 42 consists almost entirely of well sorted mica flakes, 

while other samples from the same cores contain large 

amounts of well sorted Fe-Mn nodules in association with 

well sorted sand. Some samples from cores 15-11, 12-19, 

22, 23, and 37 consist largely of planktonic foraminifera 

(mainly Globigerina pachyderma) and/or a variety of 

radiolaria. These sediments were apparently 

hydrodynamically sorted by the turbidity current during 

transport, and then deposited along with their hydrodynamic 

equivalents. The Fe-Mn nodules are equivalent to the sands 

with which they were deposited, and appear in the sand mode 

(2 phi to 4 phi) in those cores. As is shown in figure 

20A, the mica flakes behave as coarse silt (4 phi to 6 

phi), and were deposited as such. This figure shows three 

distinct peaks which probably relate to three seperate 

populations within the sample, as the sand-sized samples 

(>63 microns) from three consecutive intervals in a graded 

sequence were combined to ensure a large enough sample for 

an accurate small tube analysis. Although this cannot be 

confirmed, it is a plausible suggestion, considering the 
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FIGURE 20 
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sorting capabilities of turbidity currents. Even if these 

peaks are assumed to be from the same population, the 

sediment still exhibits good sorting in the coarse silt 

range. Planktonic foraminifera have settling velocities 

equivalent to 4 phi to 5 phi silts, and are therefore 

deposited with silts of this size (Fig. 20B). Kontrovitz 

et al. 's (1978) flume studies on foraminifera tests also 

demonstrates their potential for hydrodynamic sorting. 

Radiolaria were not run on the tube as a large enough 

sample could not be obtained. These were however, examined 

under the microscope for shape, sorting and identification. 

The samples are well sorted, and all forms are round in 

shape. Most Antarctic radiolaria are rounded, and 

therefore could be transported easily (Casey, personal 

communication). The forms identified are listed in 

decreasing order of abundance: Spongoplegma antarcticum 

Haeckel, Spongotrochus glacialus Popofsky, Antarctissa 

sp., Sphaeropyle sp., Spongopyle sp., and Lithelius 

nautiloides Popofsky. , 

As mentioned above, these turbidites are frequently 

interbedded with debris flows derived from loca> highs. 

The turbidites, generally clean well sorted quartz sands 

and silts, were probably generated on the continental 

margin, and deposited on the sea floor near these highs, 

while the debris flows, which consist of unsorted 

hemipelagic and volcanic sediments, were generated on the 
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local highs. 

Core 12-37 is rather a unique core in that it contains 

deposits from the mass flow end members of turbidity 

currents (see appendix I for depth locations of turbidites 

in this core), and debris flows (Fig. 16), as well as 

"arrested" transition stages between the two (Fig. 21). 

The 3 phi to 4 phi mode can be seen developing in samples 

710-738 cm (Fig. 21). Hampton (1972) discusses the 

mechanism of generating turbidity currents from debris 

flows by shearing debris off the front of the flow, and 

throwing it into turbulent suspension above the flow. This 

process may be represented in sections of this core where 

debris flows apparently grade into turbidites. This core 

also exhibits variations of lutum content in turbidites 

consisting of different grain sizes, and in the transition 

flows, as discussed by Kuenen (1966). This could be a very 

useful core in the study of this transition flow, as a 

number of these stages are represented. Debris flows are 

probably generated on the continental slope to the south, 

flow down the slope, and then up the sides of the Maud Rise 

to the north. While some of these develop into clean 

turbidity currents, other do not progress this far, and are 

deposited as debris flows or transition stage flows. 
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FIGURE 21 

Grain size distributions 
core 12-37 (590-738 cm), 
Note the unsorted nature 
of a 3-4 phi mode in the 

of a transitional flow deposits in 
(see fig. 2 for core locations). 
of the flow, and the development 
base of the flow (710-738 cm). 
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DISCUSSION 

Sediment distribution in the Weddell Sea can be 

roughly divided into two sections along the 25 degrees West 

longitude line (Fig. 30). The Islas Orcadas Seamounts 

coincide roughly with this division, and help delineate the 

regional differences (Fig. 30). In the northeastern 

sector, the abyssal sediments are generally coarser, with 

more mica and glauconite, and less manganese, than the 

abyssal sediments in the southwestern portions of the 

basin. Wright (1980) and Harlan (1981) also noted this 

minéralogie difference in their studies of the Weddell Sea 

continental margin. This study concentrates on the sector 

to the northeast, where the core coverage is fairly 

extensive, and sediment distribution patterns and regional 

processes can be fairly well defined. Sedimentation in 

this region is dominated by turbidite deposition, evidenced 

by the extensive turbidite fan complex seen in figure 15. 

Much of the fine grained sediment in this region is derived 

from these turbidites, and its deposition will be discussed 

below. It is beyond the scope of this work to define the 

sedimentary processes active in the southwestern Weddell 

Easin. Due to extensive ice cover there are few cores from 

this region. However, data that are available provide some 

insight into the regional processes in relation to the fine 
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grained deposits, and will be briefly discussed below. 

DEPOSITION MODELS FOR FINE GRAINED TURBIDITES 

Fine grained tubidites in the deep sea have been the 

subject of a number of recent studies. These works have 

been mostly descriptive in nature, and therefore the theory 

behind the deposition of these fine grained sediments is 

still in developmental stages. A number of these studies 

have been conducted in high latitude environments, and the 

fine grained turbidites from these areas exhibit 

similarities with the Weddell Sea sediments. Models 

proposed for deposition of fine grained turbidites are 

described below, along with the application of these models 

to various high latitude environments. The specific high 

latitude.environments referred to in the following 

discussion include the Wilkes and Bellingshausen basins off 

Antarctica, and the Gulf of Alaska and offshore Nova 

Scotian basins in the northern high latitudes. These 

basins are described in detail in the next section on 

turbidite deposition in glacial environments, and table 1 

summarizes the characteristics of these turbidites. 

As noted earlier, deposition of the coarse silt 

turbidites (4 phi to 6 phi) of the Weddell Sea can be 

explained by the classic turbidity current model of erosion 

in the head of the turbidity current, deposition from the 



body, and removal dowslcpe of the finer sediments in the 

turbid cloud. Similarly, turbidites from the 

Bellingshausen Easin, Wilkes Easin, and Gulf of Alaska 

(Group 1, 2, and 4 turbidites, Table 1) can be explained in 

this manner. However, this model will not work for 

turbidites off Nova Scotia, and in the Gulf of Alaska 

(group 3, 5, and 6 turbidites, Table 1), as they exhibit 

interlaminated silts and muds. Nor does this model explain 

the deposition of the 6 phi to 10 phi component of the fine 

grained turbidity currents (the so-called mud turbidites). 

Piper (1972) developed a model to explain graded 

interlaminated silts and mud beds, which he suggests might 

be responsible for these deposits in the Gulf of Alaska 

(1976). He suggests that the alternation of cohesive and 

granular bed conditions is responsible for the lamination 

of the sediment. A current.transporting both clay and silt 

would carry the silt in traction, and the clay in 

suspension. The silt and silt-sized clay floes are 

deposited on the granular bed, and the clay floes behave as 

a dispersed cohesive bed, enabling more clay to be 

deposited quickly. This rapid deposition of clay will 

reduce the concentration of clay in the lower part of the 

flow (and in the laminar boundary layer) , causing the 

concentrations of the suspension and the cohesive bed to 

approach equilibrium. Tractional deposits of silt will 

again occur as the current wanes slightly, and the 
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suspended silt load falls out. The clay concentration vvill 

again build up in the base of the flow, and the cycle will 

be repeated. To operate properly, this model requires a 

waning current, which will produce overall grading in the 

sequence. This model could be responsible for the overall 

grading that occurs in the grouped silt laminae of Nova 

Scotia and the Gulf of Alaska group 5 (Table 1), but does 

not explain the characteristics of the other units. 

Stow and Bowen (1980) have developed a similar model 

to explain the deposition of silt and mud laminae found off 

Nova Scotia (Table 1). Figure 22 shows a diagram of this 

model, and the zones of a turbidity current referred to in 

it. They suggest that the turbidity current originally 

transports silts and clay floes of equivalent settling 

velocity. As these grains settle through the boundary 

layer, increased shear in this region breaks up the clay 

floes. This clay remains in the boundary layer while the 

silt particles settle to form a silt lamina (fig. 22 A, B). 

The concentration of clay increases in the boundary layer 

as more clay floes fall through the shear zone and are 

dissagregated. At this point, reflocculation occurs (fig. 

22 C), and the floes become large enough to overcome the 

shear. They then fall quickly through the laminar 

sublayer, and are deposited as a mud blanket over the silt 

(fig. 22 D). Stow and Eowen do not know why the mud is 

deposited so rapidly, but they suggest that these factors 
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FIGURE 22 

Model proposed by Stow and Eowen (1980) for the turbiditic 
deposition of inter laminated silts and muds; from: Stow and 
Bowen, 1980, 
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might be influential in the process: (1) increased mud 

concentration in the boundary layer, (2) partial 

development of a cohesive bed as floes settle, and (3) 

disturbance of the boundary layer structure (by current 

fluctuations, etc.). 

This model seems to work nicely for the Nova Scotia 

and Gulf of Alaska group 3, 5, and 6 turbidites (Table 1). 

If these models are correct, why would these processes not 

occur in all fine grained turbidites? The lack of 

interlaminated muds in many of the southern latitude 

turbidites clearly shows that these processes are not 

operating in their deposition. These discrepancies are 

probably related to the glacial regime and source material, 

and will be discussed in greater detail in the next 

section. 

Deposition of the fine silt and clay fraction (6 phi 

to 10 phi) of the turbidity current remains a problem in 

this study. As stated earlier, 6 phi to 10 phi grain sizes 

should not settle out if currents are >2 cm/sec (Heezen and 

Hollister, 1964; Singer, 1982). Carmack and Foster (1975) 

give a range of .8 to 5.2 cm/sec for AABW flow across the 

Weddell Sea abyssal plain, and therefore a large portion of 

these suspensates should be carried out of the basin by 

this flow. Singer (1982) has reviewed the studies done on 

benthic populations in Antarctica, and she has concluded 

that there is enough biologic activity on the abyssal plain 
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to thoroughly bioturbate the sediment, provided 

sedimentation rates are slow enough. Therefore, with the 

biologic activity and current velocities present, and with 

sufficient time to mix the sediment, most of the 6 phi to 

10 phi grains that are deposited should become resuspended. 

In her study, Singer found that 6 phi to 10 phi particles 

could not be seperated in the flume even at velocities of a 

few cm/sec. This suggests that there is an energy boundary 

in this size range, which may be due in large part to the 

flocculation of clays in seawater. Organic binding of 

sediments by benthic fauna (polychaetes tubes, arenaceous 

foraminiferal tests, fecal pellets, etc.) may also be an 

important factor in preventing the removal of fines from 

the sediment. 

Laminated muds probably represent repeated deposition 

of the fine suspended cloud of turbidity currents, the flow 

of which was arrested as they encountered topographic highs 

or flowed onto the relatively flat abyssal plain. Although 

the suspensates may grade as they settle, most of the clays 

are probably flocculated, and thus these sediments will not 

appear graded upon disaggregation and analysis. Deposition 

of this turbid cloud could also occur in the rapid, 

unsorted manner of Stow and Bowen's (1980) or Piper's 

(1972) mud laminae in the above models. In the present 

case, the coarse silts are not interlaminated, as they have 

been tractionally deposited from the flow at an earlier 
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stage. This model may explain why silt turbidites are 

followed immediately by an unsorted mud layer, rather than 

grading into a graded mud layer. Also, many of these 

sediments enter the basin as floes, thus helping to explain 

why they are not entrained by AABW flow. It is also 

possible that, because the turbidity currents are too 

concentrated or too frequent to be removed completely by 

AABW, some sediment is left to settle, while the rest is 

transported out of the basin. Alternatively, these 

laminated intervals may represent periods of sluggish 

bottom water circulation in the Weddell Basin when 

increased deposition of fine grained turbidites occurs, and 

removal of sediment by bottom currents is reduced. 

Piston cores from the southwestern Weddell Sea abyssal 

plain have penetrated two basic types of fine grained 

terrigenous sediment. One type consists of massive, poorly 

sorted sediments, containing relatively high concentrations 

of IPD and sometimes high concentrations of calcium 

carbonate. These are interpreted as normal hemipelagic 

sediments. The other sediment type consists of unsorted, 

laminated, fine silts and clays (6 phi to 10 phi in size) 

with little or no IRD, and no calcium carbonate, but 

containing Fe-Mn micronodules (Fig. 23). The fact that 

these sediments are laminated and contain small amounts of 

IRD suggests that they were deposited rapidly. However, 

the Fe-Mn micronodules in these sediments imply slow 
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FIGURE 23 

Mean grain size, calcium carbonate distribution, Fe-Mn 
micronodule distribution, IRD distribution, and laminae 
distribution (along the scale) within the fine-grained 
sediments of cores E 12-6, and E 7-12 from the western 
Weddell Sea. Note the generally coinciding occurences of 
laminae, Fe-Mn micronodules, and low IRD concentrations, as 
well as the coinciding occurences of nonlaminated zones, 
calcium carbonate, and high IRD concentrations; from; 
Anderson, 1972. 
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sedimentation. A possible explanantion to this apparent 

contradiction is that these micronodules were formed 

elsewhere in the basin, transported to their present site 

of deposition by turbidity currents, and then rapidly 

buried and preserved. Manganese nodules do occur in sand 

and silt turbidites of the area, and were apparently 

transported in hydrodynamic equilibrium with their 

associated sands and silts, as was seen in cores 15-39, and 

41 above. 

These laminated units probably represent long periods 

of continuous fine grained turbidite deposition, while the 

interbedded pelagic sediments reflect times when turbidites 

were not being generated. This sedimentation variability 

is probably related to changing environmental conditions in 

the region, but to what extent they are interdependent is 

not known. Some factors influencing this relationship are 

the intensity of glaciation and sea ice cover, production 

and intensity of AABW flow, and variations in the intensity 

and direction of the WDW contour current. These sediments 

may represent the fine fraction derived from winnowed 

deposits found on the eastern continental shelf and slope 

(Anderson et al., 1979). Here, fine sediments are 

entrained by WDW, and carried westward across the slope. 

They are then probably incorporated into newly forming 

AABW, as WDW and SSW mix and start to sink. This sediment 

may then be deposited on the slope, or transported seaward 



as a nepheloid layer by AAEW. If the latter is the case, 

and deposition occurs primarily from a nepheloid layer, 

then this process may be responsible for the thick 

laminated units. But this hypothesis does not explain the 

occurrence of Fe-Mn micronodules, or the lack of 

bioturbation, assuming sedimentation is slow enough for 

micronodule formation in situ, therefore the turbidite 

model is preferred. 



TUBIDITE DEPOSITION AS INFLUENCED BY GLACIAL REGIME 

While much work has been done on turbidites formed in 

temperate glacial regimes (temperate turbidites) , this work 

is the first comprehensive study of fine-grained turbidites 

formed in a truly polar glacial environment (polar 

turbidites) . At the present time, most southern high 

latitude glaciers are polar, while most northern high 

latitude glaciers are temperate. This generalization will 

be used for the purposes of discussion in this paper. 

Turbidites from each of these environments exhibit 

distinctive characteristics, and can therefore be used to 

distinguish glacial regimes and interpret glacial history. 

Studies completed on northern and southern high latitude 

environments are described and contrasted below to develop 

a method of distinguishing polar and temperate glacial 

regimes by their sedimentologic characteristics. 

The Bellingshausen Easin is located to the west of the 

Antarctic Peninsula. Its topography is similar to that of 

the W7eddell Sea. The shelf is deep and ice covered, and 

the steep slope is cut by submarine canyons. The narrow 

abyssal plain is interrupted by abyssal hills, which 

increase in frequency to the north. Sedimentation on these 

hills is controlled partly by the Antarctic circumpolar 

current. A contour current flowing out of the Weddell Sea 
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and westward along the margin controls sedimentation on the 

shelf and slope. For DSDP Leg 35, geophysical surveys were 

conducted in the basin and four sites were drilled: sites 

322 and 323 were collected on the abyssal plain, and 324 

and 325 were collected on the continental rise. Using 

these data, Tucholke and Houtz (1976) and Tucholke et al. 

(1976) determined that the basin was filled mostly with 

sand, silt, and clay turbidites. Figure 24 shows the 

seismic characteristics and site locations in the region. 

Table 1 gives a summary of the abyssal turbidites. At 

site 322, turbidites exhibit irregular, erosive bases, with 

occasional load casts, and/or soft, angular to subrounded 

clay clasts, which appear to be rip-ups from the layer 

below (Tucholke et al., 1976). Some of these clasts are 

quite large, and exceed the diameter of the core. 

Scattered black spots, which are seen in the clast zones, 

are probably micro-manganese nodules. A silty claystone 

unit is described as being peppered with clay clasts which 

are 1 mm to 2 mm in length, angular to subrounded, and 

appear to have been flattened after deposition. In this 

unit, the clasts compose 50% of the sediment, while in the 

surrounding beds, other large irregular clasts occur 

infrequently throughout the matrix. Tucholke et al. (1976) 

suggest that a short transport distance is necessary to 

preserve the integrity of these soft clasts, and therefore 

this unit probably represents a slump or debris flow 
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FIGURE 24 

Map of the Bellingshausen Basin showing the seismic 
character of the sediments, channel distribution, and DSDP 
site locations; from; Tucholke and Houtz, 1976. 
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TABLE 1 

Table of the general characteristics of high latitude fine 
grained turbidites, and generalized comparison of polar 
versus temperate turbidites. 
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derived from a now buried local high. Site 323 consists of 

sand, silt, clays and claystones; the biogenic component 

being greater here than in site 322. The upper half of 

site 323 and the upper unit of site 322 are composed of 

diatomaceous mud and ooze, indicating that normal pelagic 

and hemipelagic sedimentation has predominated in the 

recent past. 

The acoustic profile of the abyssal plain shows 

strong, discrete laminae throughout the basin (Tucholke and 

Houtz, 1976). These laminae are particularly distinct in 

the lower portions of the basin. Tucholke and Houtz state 

that the level attitude of the laminae is a clear 

indication of turbidites, and they believe that the 

distortion of deeper reflectors is due to differential 

compaction of the sediments on the irregular acoustic 

basement. These sediments, which are ponded against 

abyssal ridges and within fault zones, eventually breach 

the gaps between hills, and progress northward, filling the 

low areas of the fault zones with acousticly weakly 

laminated, fine grained turbidites. Abyssal hills in the 

region have been swept clean of sediment, probably by 

circumpolar currents. The sediments are being carried out 

of the region by these currents, and are becoming ponded in 

the depressions between hills, as is evidenced by the 

hummocky topography of these depressions. Sediments of the 

continental rise and slope also yield turbidite reflection 



characteristics, showing many channels within the deposits. 

Thus, the whole basin appears to be influenced by turbidity 

current activity. 

Sedimentation on the Wilkes Abyssal Plain off East 

Antarctica is similar to that of the Weddell and 

Eellinshausen Abyssal Plains. The shelf is again deep and 

ice covered, and the steep slope is cut by submarine 

canyons. The abyssal plain is wide and flat, with 

sediments ponded against the mid-ocean ridge to the north. 

Payne et al. (1972) describe interbedded turbidite muds and 

diatom oozes collected on the deep, flat distal margin of 

the plain. The bathymetry of the region and the core 

locations are shown in figure 25, and table 1 shows 

descriptions of these turbidites. Five cores were 

collected in a relatively small area, and a sixth was 

collected 55 km to the north. These cores were collected 

to determine if units within the cores could be correlated. 

Payne et al. determined that thick (1 to 5 m) turbidite 

beds could be correlated up to 55 km apart, but that 

thinner turbidites could not be correlated as easily 

because of redistribution and winnowing of sediment caused 

by bioturbation. The silicious oozes could be correlated 

biostatigraphically, but not sedimentologically, as current 

scouring, burrowing, and reworking of foreign material 

masked the original deposit. Here again, turbidity current 

deposits are a major part of the sedimentary record on the 



106 

FIGURE 25 

Map of the Wilkes Basin showing the bathymetry and core 
locations; from: Payne, et al., 1972. 
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abyssal plain. 

In the northern high latitude seas, sedimentation 

patterns are slightly different. In his work on the DSDP 

Leg 18 cores taken in the Gulf of Alaska, Piper (1973) 

found that most of the cored sediments were turbidites. He 

examined 5 sites from the abyssal floor, continental rise, 

and Aleutian Trench. In this region the continental shelf 

slopes seaward. The continental slope is fairly steep and 

cut by four major submarine canyons. Temperate glaciers 

transport large volumes of sediment to the continental 

shelf via meltwater streams; glaciers seldom extend into 

the sea. This sediment is then transported by normal shelf 

processes to the slope, where much of it flows down the 

canyons as turbidity currents. Piper also describes mud 

turbidites, which normally overlie the sand and silt 

turbidites, and grade into pelagic clays. The bathymetry 

of the region and core locations are shown in figure 26. 

He distinguished six general types of silt beds, which are 

summarized in table 1. Of these, groups 1, 2, and the mud 

turbidites have some similarities with the Weddell Sea silt 

and mud turbidites, while some of the other groups resemble 

deposits found in the Bellingshausen Basin (Tucholke et 

al., 1976), and off Nova Scotia (Stew and Eowen 1980) 

(Table 1). 

Stow and Bowen (1980) describe fine grained turbidites 

on the continental slope, rise, ar.d abyssal plain off Nova 
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FIGURE 26 

Map of the Gulf of Alaska showing the bathymetry, turbidity 
current channels, and DSDP site locations; from: Piper, 
1973. 
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Scotia. These late Pleistocene sediments are thought to 

have been deposited during times of lowered sea level, when 

a floating ice shelf extended into the Laurentian Channel. 

The continental shelf and slope are wide and gentle, and 

the continental rise is formed by a series of overlapping 

Pleistocene fans. The Laurentide fan, on which most of 

these cores were taken, is quite large, extending 100 km 

further seaward than the adjacent rise. The turbidites, 

which are typically interlaminated silts and muds (with a 

small sand component), are interbedded with pelagic muds 

that have been winnowed by the Western Eoundary 

Undercurrent. These deposits are described in table 1, 

while figure 27 shows the bathymetry of the region. 

With one exception, turbidites from the southern high 

latitudes exhibit characteristics quite different from 

those in the northern high latitudes. The exception is the 

Bellingshausen turbidites, which more closely resemble the 

northern high latitude turbidites. In Antarctica, the vast 

majority of turbidity current deposits are composed of sand 

or mud. Silt turbidites represent only 10% of the 

twrbidite record. These silt turbidites are typically 

distinct, fairly thick, massive units seperated by thick 

beds of mud turbidites and hemipelagic sediments. They 

lack any internal structure, except occasional sedimentary 

clasts or lags in their bases, and do not contain 

intercalated mud laminae. They are usually coarse (4 phi 
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FIGURE 27 

Map of the Nova Scotia continental margin and abyssal plain 
showing bathymetry. Cores used by Stow and Eowen were 
collected in the region of the Laurentian fan and the Sohm 
abyssal plain; from: Stow, 1979. 



113 

Dorrik Â. V. Stow 

Location Map: Western North Atlantic. 
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to 6 phi), moderately sorted, and slightly graded. They 

usually have sharp bases, and graded upper contacts. The 

mud turbidites consist of 6 phi to 10 phi sized sediments 

that form poorly sorted, thick, laminated units. On the 

other hand, up to 60% of the northern high latitude 

turbidites are composed of silt. These silt turbidites are 

typically finer (4 phi to 7 phi), moderately sorted, 

graded, laminated, and contain intercalated mud laminae. 

They have sharp basal contacts, and gradational, or more 

frequently, sharp upper contacts. Some form continuous 

silt laminated sequences, but most are interbedded with mud 

turbidites or hemipelagic sediments. Sand turbidites are 

volumetrically less important than silt turbidites in this 
* 

environment, while fine, mud turbidites (8 phi to 10 phi) 

do represent a fair portion of the sedimentary column. 

The variability in fine grained turbidites from 

southern hemisphere versus northern hemisphere glacial 

marine environments probably reflects distinctive source 

materials in each region, and thus their differing glacial 

regimes. The primary difference between these two regions 

lies in the important role played by meltwater streams. 

These streams supply glacially derived sediment to the 

seafloor in temperate settings, while in polar settings, 

this meltwater runoff is lacking. Thus, in temperate 

glacial settings, sediments are sorted before reaching the 

sea, wherseas in polar glacial settings sediment is 



lib 

delivered to the sea directly by ice, and the resulting 

glacial and glacial marine sediments are unsored or very 

poorly sorted (Anderson et al., 1980). 

Constant erosion by temperate glaciers provides a 

steady supply of silt and clay-sized material in meltwater 

streams. Through advective processes, these dense streams 

may become turbidity currents, as they enter the sea, 

carrying sediment off the seaward sloping continental 

shelf, down the slope, and out to the abyssal plain to be 

deposited. Piper (1976) has suggested that his group 3 

sediments from the Gulf of Alaska might be explained in 

this manner. The continental shelf profile and sedimentary 

processes active on the arctic shelf are more typical of 

normal marine environments. Sediment transport on the 

shallow shelf (<200 m) is controlled by wind, tide, and 

storm driven waves and currents (Carsola, 1954; Sharma and 

Burrell, 1968; McManus et al., 1969; Sharma, 1974). 

Sediments become progressively finer seaward, as they are 

transported offshore in traction, or graded suspension 

(Nelson and Hopkins, 1972; Sharma, 1974; Naidu et al., 

1975; Logvinenko and Ogorodnikov, 1980). Much of the silt 

and clay delivered to the shelf is transported seaward as a 

dense nepheloid layer (Sharma and Burrell, 1968; McManus et 

al., 1970). 

Suspended sediment concetrations on Arctic shelves 

have been obtained, but no such data are available for the 
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Antarctic. In July, 1968, in the Eering Sea, McManus et 

al. (1970) found bottom water particulate concentrations of 

5 mg/1 on the shelf away from the mainland, and 25 mg/1 

nearshore. Eighty-five percent of this particulate 

material consists of mineral grains, and has a mean grain 

size of 20#microns (5.5 phi). These measurements were 

taken during calm seas, and it is expected that this 

concentration increases dramaticly during storms (McManus 

et al., 1970). Sharma and Burrell (1968) measured 

suspended sediment concentrations of 5 g/1 in the head of 

Cook Inlet adjacent to river outflow. These concentrations 

decreased seaward, but a large portion of silt and clay 

remains in suspension during transport (Sharma and Burrell, 

1968). As these transport mechanisms provide a constant 

sediment supply, turbidites probably tend to be quite 

frequent, carrying large amounts of silt and clay 

(relatively little sand), and thus allowing the models of 

Piper (1972) and Stow and Bowen (1980) to operate. Thus, a 

continuous accumulation of thin, interlaminated silts and 

muds is expected. 

As discussed earlier, sedimentary processes in a polar 

glacial environment are quite different than those in a 

normal marine environment. They are also quite different 

from those in a temperate glacial environment. The polar 

glaciers of the Antarctic supply strictly unsorted sediment 

as a source material. There is no significant meltwater 
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production in Antarctica today, and therefore this 

mechanism of direct sediment supply is presently inactive. 

Seaward transport of outwash sediment does not occur, and 

therefore fine grained turbidity currents must be generated 

by a different mechanism. Slumps, slids, and debris flows 

on the continental shelf and slope are thought to be 

responsible for the generation of some turbidites in the 
I 

Weddell Sea through a reverse shear mechanism (Wright, 

1980) similar to that described by Hampton (1972). Thin 

bedded turbidite sands on the continental slope are 

probably derived in this manner (Wright, 1980). This 

mechanism is not thought to generate thick turbidites such 

as those of the Weddell Sea abyssal floor (Wright and 

Anderson, 1982). Large volumes of coarse sediment are 

probably eroded from the shelf and slope by contour 

currents and transported to submarine canyons by traction. 

This sediment is probably stored in the canyons for periods 

of time, and eventually incorporated into large turbidity 

currents flowing down these canyons. These turbidity 

currents erode fine grained sediments from the sea floor as 

they progress across the abyssal plain. As the gradient is 

reduced, the turbidity currents slow, depositing their 

coarse bed load in thick deposits, and leaving the 

suspended cloud to progress further seaward to settle out 

more slowly. These turbidity currents flow down the 

channels and out onto the abyssal plain, where they are 
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deposited. 

The DSDP turbidite sequences in the Bellingshausen 

Basin are interpreted as being deposited in a temperate 

glacial environment, as they share the characteristics of 

the temperate turbidites of arctic regions (Table 1). This 

suggests a temperate environment for the Antarctic 

Peninsula during Miocene-Pliocene times, which is in 

contrast with Tucholke et al.'s (1976) model. Recent 

sedimentation patterns, as seen in the upper pelagic and 

hemipelagic units of Holes 322 and 323, suggest that the 

environment became polar sometime during the Pliocene, when 

these units began depositing, and is still polar today. 

In the Weddell Sea only the recent glacial history can 

be inferred from turbidites, as piston cores penetrated 

only surficial deposits. It appears that polar glacial 

conditions have existed throughout the deposition of these 

cored sediments. The prominence of turbidites in these 

differing high latitude environments emphasizes the 

importance of mass flow processes in the glacial 

environment, and the above criteria can be used to 

distinguish polar from temperate glacial conditions in the 

rock record. 



LIMITATIONS ON THE INTERPRETATION OF THE 

SEDIMENTARY RECORD 

To interpret the geologic history recorded in piston 

cores, one must be able to distinguish each of the sediment 

types discussed above. While sand to coarse silt 

turbidites and purely pelagic sediments are easily 

recognized, debris flows, fine silt to clay turbidites, and 

hemipelagic sediments are quite similar in appearance, and 

therefore much harder to distinguish. Hesse (1975) 

discusses some of the problems involved in distinguishing 

turbidite and nonturbidite deposits in sequences, and he 

developed a chart summarizing their differences (Table 2). 

Unfortunately, his criteria are of limited use in the 

Weddell Sea cores, as he does not distinguish debris flow 

deposits, and the mud turbidites do not follow his 

specifications (ie: they do not show distinct grading, and 

they are not relatively well sorted) . Table 3 lists the 

different sediment types, and the key characteristics that 

can be used in distinguishing them as based on this study. 

The key features of fine silt to clay turbidites are the 

existence of laminae, lack of bioturbation, low percentage 

of IRD, abundance of Fe-Mn micronodules (optional), and the 

low percentage of grains coarser than 6 phi in size. 

Debris flows are characteristicly found near local highs. 

They are mottled or disturbed in appearance, unsorted, 

119 
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TABLE 2 

Hesse's (1975) 
distinguishing 
non-turbiditic 

chart showing the main characteristics 
fine grained turbidite deposits from 
deposits. 

for 
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Reinhard Hesse 
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TABLE 3 

Chart showing the main characteristics used in 
distinguishing mud turbidites, silt turbidites, debris flow 
deposits, hemipelagic deposits, and pelagic deposits in the 
Weddell Sea. 
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SEDIKSNT 
?Y?S 

PELAGIC HSMIPE1AGIC DEBRIS FLOW SAND &SILT 
TUR3IDI7E 

KUD 
TUR3IDIT3 

S3DIKENÏ 
SOURCE 

biogenic 
debris, chem* 
nrecioitation , 
windblown 

biogenic debr. 
chem. precip* 
windblown, ÏRD 
terrigenous 

any sediment • 
type or source 

terrigenous, 
biogenic, or 
chem» ppt* 

terrigenous, 
biogenic, or 
chem* ppt* 

TRANSPORT 
**ECHAMIS*P 

settling 
through water 
column, growth 
or ppt. on 
bottom 

settling 
through water, 
ppt., windbl., 
current trans¬ 
port 

debris flow 
transport 

turbidity 
current flow 

turbidity 
current flow 
(turbid cloud) 

33DIX2OT 
CHARACTER¬ 
ISTICS 

unsorted silt 
and clay, 
large sises 
from biota or 
chem* ppt., 
homogeneous, 
normal compac¬ 
tion (water- 
rich) 

unsorted, all 
sizes, homoge. 
normal compac¬ 
tion (water- 
rich), larger 
grains usu. 
IRD 

unsorted, all 
sizes, matrix 
greater than 
20/S, compacted, 
occasionally 
reversed 
grading, 
containing 
sedimentary 
clasts 

graded, well 
sorted, sand 
to coarse silt 
sized, no IRD, 
usu* less than 
10# clay 
component 
few clasts or 
lag at base 

unsorted fine 
silt to clay 
sized 
sometimes more 
silt at base 
than at top, 
?e-Kn micro¬ 
nods or CaCO- 
occasionally, 
very little 
or no IBS 

■W5T) 
?ORWS 

burrowed, 
homogeneous, 
or if no fauna 
on bottom, 
laminated 

burrowed, 
homogeneous, 
or laminated 
if no fauna 
on bottomr 
ash laminae, 
dropstones 

mottled, homog. 
or mixed look, 
sometimes 
evidence of a 
rigid plug, 
clasts in zones 
or scattered 

usually 
massive, 
(infrequent 
par* lam, x- 
1am*) 

usually 
laminated 

basal 

CONTACTS 

upper 

burrowed, 
gradational 

sharp if eros«f 
or burrowed à 
gradational 

burrowed,or 
gradational 

sharp if eros. 
or burrowed à 
gradational 

sharp or 
burrowed, 

sharp or 
burrowed 

sharp, erosive 
sometimes with 
lag or sed* 
clasts at base 
sharp or graded 

sharp, 
erosive, 
with clasts, 
or graded 
sharp or 
graded &biot* 

WQ 

THICKNESS 

any thiclcness any thickness 20.300 cm 
usually 

3-100 cm 
usually 

20-100 cm 
usually 

SEDIMENT- 
TATION 
RATE 

very low low to medium 
variable terr. 
component 

variable, 
usu* medium 

high high 
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compacted, contain Fe-Mn coated pebbles or nodules 

(optional) , and contain sedimentary clasts or evidence of a 

rigid plug (optional). The hemipelagic sediments are 

typically bioturbated, unlaminated (bioturbation usually 

destroys laminae), water-rich, unsorted (>6 phi fraction is 

usually IRD), and usually composed of biogenic mud, showing 

some terrigenous component. 

Having examined the sediment types and their 

distribution patterns on the Weddell Sea abyssal plain, the 

problems discussed in the first chapter can now be 

addressed. If future sites are chosen and drilled in the 

Weddell Sea, the record could be interpreted successfully 

if the cores are examined thoroughly, keeping in mind the 

potential hazards noted above. The choice of drill sites 

is of key importance in procuring a useful and meaningful 

record in the shortest amount of time. As much of the 

basin is filled with turbidites and debris flows, proper 

choice of drill sites to avoid these thick deposits is 

essential. For the same reason, site selection is again of 

prime importance when considering the paleotectonic and 

paleoenvironmental problems posed for the basin. Site * 

choice is also quite important for paleostratigraphic work, 

as the fossil record is frequently contaminated by mass 

flow processes, and the large terrigenous component in much 

of the hemipelagic sediments effectively masks the 

microfauna. 
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While the Weddell Sea is an ideal location to study 

the history of the East Antarctic Ice Sheet, this work is 

inhibited by the difficulty ‘in working with the IRD record, 

as mentioned earlier. In the past, IRD in cores has been 

used in two ways: firstly, it has been used to examine 

fluctuations in the glacial history of a region as is 

evidenced by the constant variations in IRD, and secondly, 

it has been used to determine the first occurrence of ice 

rafting in a region. Of these two uses, the second is the 

most feasible in Weddell Sea sediments. As is born out by 

the sedimentologic evidence, the processes of debris flow, 

turbidity current, and pelagic sedimentation are quite 

variable both spacially and temporally on the Weddell Sea 

abyssal plain, and therefore obscure the IRD record within 

the sediments. If a means could be devised of seperating 

the IRD component from the other sedimentary deposits and 

determining an absolute IRD accumulation rate, then a 

valuable record of ice rafting, and thus glacial history, 

could be developed. Unfortunately, this procedure would 

require inordinately large amounts of time, and therefore, 

will probably never be accomplished. 

Valuable paleoclimatic information can be obtained by 

documenting the first occurrence of ice rafting in the 

region, and thus determining the age of development of the 

East Antarctic Ice Sheet. Tucholke et al. (1976) 

summarized results on the first occurrences of IRD, and 
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significant amounts of diatomaceous sediments, from DSDP 

Legs 28, 29, and 35 (Fig. 28). They made three significant 

observations: (1) The first occurrence of ice rafting is 

clearly related to latitude, and this control is modified 

by variations in surface currents, iceberg source, and 

availability of source rock; (2) migration of the 

Antarctic Polar Front northward (as indicated by 

diatomaceous sediments) precedes the deposition of IRD at 

all sites; (3) the first firm evidence of glaciation in 

the form of IRD occurs in the early Miocene (ca 20 my) at 

most sites, though at sites 268 and 274 ice rafting may 

have occurred in the late Oligocène (Hayes et al., 1975). 

In the Weddell Sea, the oldest ice rafted deposits occur in 

Islas Orcadas core 12-36, which has a basal age date of 

Middle Miocene (DeFelice, 1978), so the IRD record is at 

least that old. 

The Weddell Sea is also an ideal place to study the 

history of AABW flow in the Southern Ocean, as it is a 

major source for this water body. A number of people have 

done studies of this type in different regions around the 

continent. Huang and Watkins (1977) used variations in the 

texture and composition of sediments to study the flow of 

bottom water in the south-central and southwest Pacific 

Ocean; Osborn (1981) used biostratigraphy and 

magnetostratigraphy to identify disconformities caused by 

bottom water erosion in the southeast Indian Ocean; 
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FIGURE 28 

Diagram showing the first occurences of IRD, and 
diatomaceous sediments in cores collected around the 
Antarctic continent. Core 12-36 from the Weddell Sea has 
been added to this diagram; from; Tucholke et al., 1976. 
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Anderson and Hokanson (unpublished manuscript) used IRD 

variations and bottom sediment textural data to study the 

history of AABW flow out of the Weddell Sea; and Ledbetter 

and Ciesielski (in press) used magnetostratigraphy and 

biostatigraphy to define disconformities caused by bottom 

current erosion in the South Atlantic sector of the 

Southern Ocean. Unfortunately, many of these studies did 

not consider all of the sedimentary processes occurring in 

the region, and therefore, their results are somewhat 

inconclusive. 

Ledbetter and Ciesielski (in press) describe a series 

of unconformities in the Weddell Sea cores, which they 

attribute to erosion or nondeposition due to AABW flow 

variations (Fig. 29). Cores 12-41, 37, 36, 33, 32, 31, 30, 

29, and 11-66, were collected along a south to north 

profile across the open eastern edge of the basin (from the 

Antarctic continental shelf, over the Maud Rise, across the 

abyssal plain, and up the Atlantic-Indian Ridge). As noted 

earlier, cores 12-37, 36, 33, 32, and 31 all show evidence 

of debris flow emplacement, and 12-37 contains a number of 

turbidite sequences (Appendix I). These deposits were not 

recognized in their study, and samples were taken at 10 cm 

intervals through the cores for magnetostratigraphic and 

biostratigraphic dating, regardless of sediment type. It 

has been noted (DeFelice, 1978) that Recent sediments along 

the continental margin are barren of any datable 
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FIGURE 29 

Figures from Ledbetter and Ciesielski (in press) showing 
ore locations on Weddell Sea floor, and interpreted 
iatuses in cores. 
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microfossils. Therefore, these sediments would take on the 

age of the sediments with which they are mixed during 

transport. The Maud Rise, which is capped by 

Miocene-Pliocene sediments, is actively being eroded by the 

Circumpolar Deep Water flowing across it, and may therefore 

be the source for these old sediments. Core 12-37 (Fig. 

29), which is probably receiving sediment from both the 

continental shelf and the Maud Rise, shows two interpreted 

hiatuses. This sediment could have been displaced 

downslope. Core 12-36 (Fig. 29), the upper section of 

which displays debris flow characteristics, was collected 

on the flanks of the Maud Rise, and also has two hiatuses 

according to Ledbetter and Ciesielski (in press). The tops 

of cores 12-33, 32, and 31 (Fig. 29) have all been dated as 

late Gauss. Core 33 and 32 were collected on the flanks of 

the Maud Rise, while core 31 was collected on the abyssal 

plain directly to the north (Fig. 29). These cores are 

quite similar, and could possibly be capped by the same 

debris flow deposits from from the Maud Rise. Cores 12-30, 

and 29 lie in the middle of the Weddell Basin (Fig. 29)-, 

and have been dated as Matuyama. Of cores 11-66, 67, 68, 

and 70, which progress up the slope of the Atlantic-Indian 

Ridge, 11-67 and 70 show signs of debris flow in their 

sharp, irregular contacts, and the presence of sedimentary 

clasts. 

If one were to assume that the sediments in all of 
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these cores are in fact, in place, and that no mass 

transport had occurred, then IRD lags should occur along 

the disconformable surfaces. None of these cores have lag 

surfaces. The amount of missing lag has been calculated 

using the IRD percentages from Quaternary cores in the 

region (Cores 12-24, 28, 12, Fig. 13). Core 12-36 is 

missing 31 cm of lag, cores 12-33, 32, and 31 lack 3 cm of 

lag, core 12-29 lacks .3 cm of lag, and core 11-66 is 

missing 30 cm of IRD lag. All of these are surface lags, 

so a small portion of the missing lag may be explained by 

washing during the coring operation, but certainly not 30 

cm of sediment. Trigger cores collected with the piston 

cores at these sites also lack lags. They consist of 

pelagic clay, marly foraminifera ooze, micromanganese 

nodules, and sedimentary clasts. Down-core lags, which 

should be present in 12-37, 36, and 30, are also missing. 

Their absence must be accounted for if these erosional 

surfaces indeed exist. 

The Weddell Sea may in fact, contain a good record of 

AABW flow variation, but previous attempts to measure these 

flow variations have not considered the key sedimentologic 

processes operating within the basin. As is born out by 

the above discussion, mass flow deposits must be identified 

and accounted for before any meaningful AABW flow record 

can be developed. 



INTERPRETATION OF WEDDELL SEA SEISMIC DATA 

A few seismic records and other limited geophysical 

data (magnetic and gravity anomoly data) , provide the only 

subsurface information for the Weddell Sea at present. 

These data are sparse, as few geophysical expeditions have 

made studies across the basin. Though subsurface 

interpretation is severely limited by this fact, some 

generalizations can be made about the sedimentation 

patterns of the region. 

Geophysical data collected in the Weddell Sea have 

been examined by LaBreque and others (1980; 1981; 1982), 

Haugland (1982), Maisey (1979), and Hinz and Krause (1982), 

but none of these studies were concerned with the 

sedimentary framework of the basin. LaBreque et al. (1980) 

suggest that the basin is filled with turbidites, but 

provide no additional information. Seismic reflection 

profile data collected during the Islas Orcadas cruise 1578 

(Fig. 30) were examined in this study. These data were 

then compared to the data collected in the Bellingshausen 

region, where Tucholke and Houtz (1976) have described 

seismic characteristics of various types of deposits. A 

number of similarities were noted between the two regions, 

and will be discussed below. This discussion will use the 
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FIGURE 30 

Islas Orcadas Cruise 1578 track in Weddell Sea, and 
detailed bathymetry, showing Islas Orcadas Seamounts 
located along the 25 degrees West longitude line across the 
central portion of the basin (coinciding roughly with the 
track line) . General sedimentation patterns on either side 
of this line appear to differ from each other; from: 
Johnson, et al., 1982. 
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same terminology as that used by Tucholke and Houtz (1976) 

in their interpretation of the Bellingshausen records. In 

this case, "laminated'' indicates the presence of reflecting 

horizons, and "nonlaminated" indicates their absence. 

Finely laminated sediments are seen on the upper and 

central continental rise of the Weddell Sea, and are 

interpreted as turbidite deposits (Fig. 31A). The 

individual laminae are fairly continuous, and can be traced 

for relatively long distances. These laminae are broken 

occasionally by submarine channels. The channels appear to 

be migrating eastward through time, building thick, poorly 

laminated levee deposits on their western edges (Fig. 31B). 

Tucholke and Houtz (1976) have noted a similar easterly 

migration of channels in the Bellingshausen Basin. Down 

current flow in the southern hemisphere bears to the left, 

due to the Coriolis effect. Consequently, turbidity 

currents flowing down the Antarctic margin deposit sediment 

on the west side of the channel where the flow is 

concentrated (Tucholke and Houtz, 1976). This suggests 

that turbidity currents on the central continental rise are 

slow, and depositional* in nature, while those on the slope 

are v-shaped and erosive (Fig. 32A). Slump deposits occur 

at the bottom of locally steep slopes on the continental 

rise (Fig. 32B). Tucholke and Houtz (1976) recognize a 

sub-bottom reflector (Horizon R) , which has the continuous, 

highly reflective characteristics of sheet flow deposits. 
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FIGURE 31 

A) Photograph of a seismic profile across the continental 
rise in the Weddell Sea showing the fairly continuous 
laminated reflections, location of station 15-51 (see fig. 
2 for core locations), and possible subsurface R horizon 
(scale in seconds). 
r) Photograph of a seismic profile across the continental 
rise showing the eastward migrating channels (east is to 
the left), poorly laminated levee deposits, location of 
core 39, and possible subsurface R horizon; records 
provided by J. LaBreque. 
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FIGURE 32 

A) Photograph of a seismic profile showing location of core 
15-15, and v-shaped erosive canyons on the continental 
slope of the Weddell Sea (see fig. 2 for core locations) 
(scale in seconds). 
B) Photograph of a seismic profile showing a slump deposit 
at the base of a steep slope on the upper continental rise; 
records provided by J. LaEreque. 
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They suggest that this represents a time of greater 

turbidity current activity, and that it may relate to an 

early Pliocene glacial pulse proposed by Hayes and Frakes 

(1975) (around 4.5 mya), or to the later glaciation of West 

Antarctica as suggested by Ceisielski and Weaver (1974), 

(<3.85 mya). Horizon R was traced back to DSDP Hole 324, 

where it was correlated with the top of a highly reflective 

layer underlying nonlaminated Pliocene sediments. A 

similar, but less distinct reflective surface (Fig. 31A,B 

and 33B) occurs at approximately the same depth in the 

subsurface of the Weddell Sea records and possibly 

correlates to Horizon R in the Bellingshausen sea. 

Tucholke and Houtz (1976) describe a strongly 

laminated sequence on the lower continental rise in the 

Bellingshausen Basin in which the laminae are 

discontinuous. They have interpreted this as being due to 

rapid sheet-like deposition of coarse terrigenous sediments 

from turbidity currents on a low gradient. They suggest 

that the discontinuous laminae are due to the restricted 

areal dispersal of the coarsest turbidity current 

fraction, and the erosion and redeposition of sediments by 

bottom currents. High impedence contrasts result from the 

interbedded fine detritus. The same type reflection is 

seen on the Weddell Sea lower continental rise (Fig. 33A), 

but the laminae are somewhat more continuous, suggesting a 

more evenly distributed deposit. This is probably due to a 
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FIGURE 33 

A) Photograph of a seismic profile of the lower continental 
rise showing the strongly laminated, somewhat discontinuous 
reflections of sediments near cores 15-41 and 42 (see fig. 
2 for core locations) (scale in seconds). 
B) Photograph of a seismic profile of the abyssal plain in 
the Weddell Sea showing the flat, continuous laminated 
reflections of sediments, differential compaction of 
sediments over the rough acoustic basement, and the 
possible subsurface R horizon; provided by J. LaEreque. 
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less sharp gradient change from the central to the lower 

continental rise. This central rise to lower rise 

transition is not as well developed in the Weddell Basin as 

it is in the Bellingshausen Basin. Progradation of the 

central rise onto the lower rise, as noted by the onlap of 

weakly laminated channel levees in the Bellingshausen 

Basin, is not seen in the Weddell Basin. Nor is a buried 

lower rise sequence under the central rise apparent, as it 

is in the Bellingshausen Basin. Channels and channel 

levees are absent from both lower rise environments. 

Seismic records from the abyssal plains of both the 

Bellingshausen and Weddell regions appear to be quite 

similar. Discrete laminae become more distinct and 

continuous with distance from the continent, and their 

level attitude has been interpreted as a clear indication 

of turbidity current origin (Tucholke and Houtz, 1976). 

The deeper reflectors have been distorted over the 

acoustically rough basement, due to differential compaction 

(Figs. 14B and 33B). Sediments are ponded against abyssal 

hills, leaving sediment-free deeps behind the hills in some 

regions, or breaching the passes and overflowing into these 

deeps in other regions (Fig. 14A) . These distal 

turbidites, which fill the interhill depressions, show the 

weakly laminated characteristics of very fine graided 

turbidites (Fig. 14A). The Abyssal hills are thinly draped 

by pelagic sediments, or are swept clean of sediment by the 
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Antarctic Circumpolar Current. This sediment is either 

removed from the region by the current, or it is 

transported via slumps or debris flows into the interhill 

depressions, and left as hummocky deposits. 



CONCLUDING REMARKS 

There is intense interest in the Weddell Basin at the 

present time. Studies conducted to date have defined the 

sedimentary, oceanographic, and glacial processes active in 

the region, and this study has described the effects of 

these processes on abyssal sediments. Much of the current 

interest lies in the geologic history of the area, which 

will provide answers to questions regarding the tectonic, 

oceanographic, and glacial history of both this region, and 

the Antarctic continent as a whole. A better understanding 

of the tectonic history could help solve southern 

hemisphere plate reconstruction problems, while a better 

knowledge of the oceanographic history could define the 

beginning of AABW formation, and thus, the development of 

present deep water circulation patterns in the world 

oceans. The onset of polar glacial conditions in both East 

and West Antarctica may also be revealed through studies of 

W’eddell Sea strata. 

The geologic history will be best developed through 

drilling strategic sites. The selection of these sites 

must be done with care, using all of the current knowledge 

avaliable to ensure a useful and complete sedimentary 

record. It is also essential that this record be properly 

interpreted if the information derived from it is to be 

correct and complete. To do this, the sediment types that 
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occur in the region must be identified, and distinguished 

from each other by their unique properties. 

For the Weddell abyssal plain,* pelagic, hemipelagic, 

debris flow, and turbidite deposits, have been identified 

and are readily distinguished by their unique 

characteristics. Pelagic sediments are typically fine 

grained, homogenous, biogenically rich units. Hemipelagic 

sediments have similar characteristics, but contain a large 

terrigenous component and coarse grained IRD. Debris flow 

deposits can be terrigenous or biogenic in nature. They 

are normally overcompacted, mottled in appearance, and may 

contain sedimentary clasts. Fine grained turbidite 

deposits are distinguished as silt turbidites and mud 

turbidites. Massive (4 phi to 6 phi in size) silt 

turbidites show slight grading and moderate to good 

sorting. Laminated (6 phi to 10 phi in size) mud 

turbidites do not show grading or sorting. The silt 

turbidites are probably deposited from the body of the 

turbidity current, while the mud turbidites are produced by 

the settling of the turbid cloud. 

Turbidites collected in piston cores of the Weddell 

Sea were deposited under polar glacial conditions, and 

exhibit different characteristics from their high northern 

latitude counterparts, which were deposited under temperate 

glacial conditions. Differences in sediments supplied by 

these two regimes appears to be the controlling factor in 
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the types of turbidite deposits produced. Temperate 

glacial environments provide large amounts of silt and clay 

sized material, and produce turbidites consisting primarily 

of interlaminated silts and muds. On the other hand, polar 

glaciers provide only unsorted sediment, and produce thick 

bedded sand and mud turbidites. There is a notable lack of 

silt in these polar turbidites. This criteria can be used 

for interpreting glacial regime in a turbiditic sequence. 

It appears that the Weddell Sea Basin has been filling 

with turbidite deposits for most of its history, and that 

the source for'these sediments has been both East and West 

Antarctica. As seen on seismic profiles, acoustic 

characteristics of sediments in the Weddell Basin are quite 

similar to those of sediments in the Bellingshausen Basin. 

Sediment fill in both of these basins is thought to consist 

mainly of turbidites. Turbidity current activity 

intensified during the early Pliocene in the Bellingshausen 

Basin, but the cause of this intensification is not known. 

Possibly a glacial advance, and the onset of polar 

conditions is responsible for this intensification. 
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From» The Antarctic Research Facility core 
description books of Cruises 1578 and 
1277 of the A. R. A. Islas Orcadas. 
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1277 
KEY 

SYMBOLS USED FOR CORE DESCRIPTIONS 

303 

Naaaafasall aasa 

F«raa(atfir»l MM 

Nariy, feriaUlfiral aasa 

Calcaraawt ooxa 

Olatoaacaaut MM 

Noddy, 4latMa<Ma« ooxa 

RadlatarUa aaxa 

Palagtc clay 
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Ofataaocaoat aad 

Sana 
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•A 4 A 
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Watcaalc at* 
(coMoa t# atoMaat) 

uafiii 

IrtccU 
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SI 

Sadtaaalary claats 

Sadtaaalary caaia 

Naagaaata aadvlaa 

IMcr»>aa»faatM aadalaa 
(coaaaa to ataadaat) 

Naaganata aatda alaload 
• (aadaralaly la Mgiily) 

Naagaaata gavaaaal 

IfalarfcaMaa 
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1578 
KEY 

SYMBOLS USEO FOR CORE DESCRIPTIONS 

303 

Nirly, foram1n1feral ooto 

Olatoaaceous ooto 

Muddy, dl 

v-Sivs 
1 

Pebbles 
C0119I outra tes 

Volcanic ask 
(COMon to abundant if <ISS) 

Lapilli 

Mud tryoaoa 

Otatomaceous sod 1A1 
Pelecypods 

Sandy mud 

Clay 
Pelagic clay 

sin 

tlauconlte 
(coMon to abundant If <10X) 

Sedimentary clasta 

IMn Mn 
Mo 

Micro-manganese nodules 
(COMOI to abundant) 

Man9antio oxide stained 
(moderately to bl9bly) 

Sandy silt 
Ft Ft 

Ft 
ron oxide stained 

(moderately to highly) 

Sand l I 

CLASSIFICATION Of CLASTIC SCOlMCMTS 
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15 78 
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15 78 

4334 4855 
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166 
CORE ? DEPTH St ZtC MGS STAND. 

DEV. 
SKSVfNESS KURTOSIS 

1277-17 
132 106163 8.372 1.232 -OOOO 0.771 
136 It29i70 8.532 I.165 -O.27I 0.817 
140 1*24*75 8.749 I.070 -0.291 0.902 
144 203I65 8.347 1.749 -0.381 I.017 

1277-18 
6 0t6lO9 7.412 1.633 0.201 0.626 

10 0*85115 6.213 1.403 0.622 1*571 
16 1*79*20 6.555 1.485 0.630 1.257 

1277-19 
493 001*69 8.243 1.571 -O.502 0.870 

510 Ot 28*72 8.377 1.496 -O.52O 1.124 

520 1*63*36 7.000 1.851 0.448 0.628 

528 10*68*22 6.235 1.854 0.523 1.028 

544 9*81*10 5.560 1.44.5 0.408 2.237 
620 1*34*65 8.428 1.332 -0.423 0.981 

634 1*34*65 8.324 1.312 -O.322 0.936 

636 0*87*13 6.553 1.212 0.372 1.551 
650 1*85*14 6.178 1077 O.506 1.420 

670 12*71*1? 6.097 1.816 0.442 0.946 

1277-22 
3 3*86*11 5.631 1.593 0.495 2.095 
8 23*67*10 5.265 1.578 0.35? 1.950 

12 14*74*12. 5044 1.843 0.298 2.541 

42 12*77*11 5.463 1.577 0.446 2.046 

. 47 30*68*02 4.736 1.016 0.171 0.916 

52 53*35*12 4.82 6 1.904 0.578 2.188 

181 3*83*14 5.840 1.533 0.620 2.226 

193 31*63*06 4.749 'I.452 0.149 2.293 

202 i*32*67 8.337 1.482 -0.495 0.854 

222 1*33*66 •8.220 1.646 -O.529 0.958 

242 1*18*81 8.834 0.978 -0.316 1.242 

262 1*33*66 8.422 1.300 -0.414 0.939 



CORS # DEPTH 

1277-22 
con*t. 

1277-23 

1277-30 

1277-32 

1277-37 

167 
SiZ»C KGS STAND. SKEV/I.'ESS KURTOSIS 

DEV.   

1.694 -0.101 0.643 672 1 51 48 7.677 
692 2 58 40 7.228 
712 1 47 52 7.745 
730 1 35 64 8.247 

2 78 13 04 3-764 
22 87 10 03 3.575 
4l 64 30 06 4.098 

72 1 23 76 8.557 
92 1 28 71 8.433 

222 1 16 83 8.749 
235 4 33 63 8.082 
239 0 35 65 8.425 
252 0 33 67 8.595 
262 0 33 67 8.504 
276 1 17 82 8.933 

420 0 32 68 8.457 
442 1 30 69 8.370 
.460 . 0 25 75 8.744 
480 0 24 76 8.745 

590 7 31 62 7.988 
660 14 31 55 7.472 
710 23 34 38 6.502 
720 23 4l 36 6.767 
730 . 36 40 24 5.868 
738 38 42 20 5.567 

840 22 30 48 7.028 
860 14 24 62 7.845 
880‘ 7 25 68 8.108 
900 8 25 6? 7.864 

1.888 0.088 0.594 

1.753 -O.338 0.660 
I.378 -0.408 0.988 

1.4l4 0.502 1.257 
1.262 0.504 1.565 
I.809 0.546 1.422 

1.501 -O.530 1.499 
1.472 -0.469 0.983 

1.197 -0.380 1.516 
1.702 -0.480 0.772 
I.250 -0.364 0.711 
1.090 -O.31I O.705 
1.178 -O.329 0.731 
0.921 -O.338 1.227 

1.279 -0.381 0.820 

1.387 -0.441 0.972 
1.022 -0.332 0.957 
0.976 -0.324 1.024 

2.126 -0.580 1.106 
2.366 -0.512 0.872 
2.636 -0.073 O.608 
2.402 -0.212 0.679 
2.372 0.313 0.646 
2.220 0.419 0.740 

2.507 -0.448 0.642 
2.330 -O.517 1.483 

2.159 -O.508 I.669 
2.834 -O.352 0.171 



168 
CORS # DEPTH' SiZtC MG S STAND. 

D2V. 
SKEV/NESS KURTOSIS 

1277-37 
920 13*28*59 7.594 2.375 -O.607 0.900 

1277-42 
86 1I71« 28 7.223 1.347 0.485 0.683 

94 0i86il4 6.552 1.231 O.564 1.555 
102 li96*03 6.04.3 0.777 0.181 1.122 

158 65i25tlO 4.248 2.060 0.570’ 1.518 

172 62*22*16 4.645 2.336 0.664 1.263 
182 65»21«l4 4.377 2.372 0.606 1.393 

239 40*42*18 5.460 2.221 0.463 O.783 

254 48*39*13 4.818 2.176 0.392 1.255 
256 85«13«02 . 3.419 1.355 0.484 2.017 

262 46*46*08 4.759 1.943 0.286 1.036 

280 70*28*02 3.803 1.630 0.499 1.148 

282 69*28*03 3.766 1.974 0.422 1.089 

292 86*11*03 3.610 1.398 O.516 2.151 
1277-46 

272 . 5*53*42 7.309 2.128 -O.IO3 0.956 

277 4*38*58 7.940 1.928 -0.478 0.854 

282 3*36*61 8.109 1.768 -0.447 0.785 

297 7*34*59 7.856 2.159 -O.547 0.987 

1578-7 
648 0*13*87 8.974 0.874 -0.146 1.101 

654 0*16*84 8.938 0.952 -0.345 ’ 1.562 

662 1*06*93 9.112 0.817 -0.086 0.978 

672 1*18*81 8.725 1.443 -O.473 2.152 

678 1*21*78 • 8.648 1.380 -0.406 1.473 
682 4*33*63 8.162 1.838 -0.541 1.075 
692 4*66*30 7.294 1.611 0.019 0.931 

695 6*31*63 8.056 1.944 -0.549 1.282 

1577-11 
110 0160 *40• 7.377 1.767 0.151 0.612 

113 0*82*18 6.412 1.556 0.651 1.014 



169 
GORE # DEPTH SIZIC MGS STAND. 

DEV. 
' SKEWNESS KURTOSIS 

1577-11 
116 0*92*08 5.837 1.230 0.457 2.247 

119 0*98*02 5.448 0.793 0.254 1.351 
121 0 » 97 * 03 5.391 0.826. 0.226 1.247 
123 0*91*09 5» 525 1.345 0.464 3.270 

125 0* 98»02 5.372 0.749 O.327 1.391 

212 0«54i46 7.633 I.672 -O.039 O.6Q6 

215. 0*67*33 7.003 1.698 0.474 0.646 
218 1*75*24 6.320 1.776 0.662 0.701 
221 1I72I27 6.489 1.748 0.638 0.665 
224 I18O1I9 6.499 1.482 0.526 I.070 

227 . 0*70*30 6.773 1.744 0.533 0.650 
230 1*61*38 7*189 1.751 0.077 0.647 

1578-39 
494 0*58*42 7.386 . 1.917 -0.092 • 0.565 
499 0*77*23 6.473 1.685 0.607 0.820 
504 1*89*10 5.628 1.462 O.505 2.188 
508 9*80*11 5.473 1.555 0.511 2.365 
513 24166*10 5.201 1.602 0.335 1.830 

1578-41 
138 1*84*15 6.003 1.561 O.616 2.085 

. 140 0*94*06 . 5.839 1.131 0.301 1.853 
142 0*81*19 6.733 1.422 0.443 1.137 
144 0*83*17 6.280 1.439 O.656 2.289 

310 5*50*45 7.220 2.137 -0.240 0.589 
314 2*66*32 6.831 1.908 0.497 0.591 
318 0*86*14 6.194 1.418 O.589 2.112 

321 0*93*07 5.738 1.220 0.312 2.136 
324 0*97*03 5.366 0.900 0.172 0.964 

329 3*83*14 5.825 1.648 0.690 1.256 

333 15*78*07 5*364 1.416 0.324 2.129 



CORE f DEPTH S»Z:C MGS STAND. SKEWNESS 
DEV. 

1578-11 (Mica sands} 
224-230 OilOOtO 4.908 0.723 0.688 

Planktonic Foraminifera (Globi?erina -oachvderiha) 
100*0i0 3-315 1.155 -O.459 

170 
KURTOSIS' 

O.827 

3.037 


