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SECTION I: INTRODUCTION 

It is generally believed that a large portion of the 

sedimentary rock record is glaciogenic (Frakes, 1979). 

Most of these sediments are probably glacial marine s'ince 

glacial sediments have a higher likelihood of preservation 

within the marine environment (Frakes e£ al., 1975). 

However, regardless of origin, in order to fully understand 

and accurately interpret ancient sediments it is necessary 

to study and understand modern analogs (Hutton, 1785). 

Unfortunately, inaccessibility and prohibitive cost have 

historically prevented the study of modern glacial marine 

processes. As a result, they are poorly understood. 

Consequently, studies of ancient, potential glacial marine 

sediments have generated considerable controversy and 

confusion (Lindsey, 1971? Schermerhorn, 1974; Bryant and 

Christie-Blick, 1980; Christie-Blick, 1981). This thesis 

represents part of an ongoing effort to improve our 

understanding of modern glacial marine processes, and 

therefore to improve our ability to interpret the 

sedimentary rock record. 

Probably the best location for studying modern glacial 

marine processes is the continental margin of Antarctica 

(Carey and Ahmad, 1961). It is only here that many 

different types of glacial marine settings can be found 
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today. This study was conducted along the continental 

margin of North Victoria Land, Antarctica between 160 E and 

174 E (fig.l). The area was chosen for study because of 

its unique setting. Here, large valley glaciers flow 

through the rugged, mountainous coast, which represents the 

northern limit of the Transantarctic Mountains, and empty 

directly into the sea. As elsewhere along Antarctica, 

there is no coastal zone, only an abrupt drop-off of the 

mountains into the sea. The area is also unique due to its 

proximity to the controversial tectonic boundary 

(coincident with the Transantarctic Mountains) between East 

and West Antarctica. It has been suggested that this 

boundary may represent a Precambrian interplate suture 

(Hamilton, 1967). It intersects with a major oceanic 

fracture zone (the Balleny Fracture Zone) at Adare 

Peninsula to form a marginal fracture zone basin similar to 

those described by Le Pichon (1972). Sedimentation within 

such a unique glacial marine environment has never been 

studied. 

In addition to providing an environment which is 

ideally suited for the study of glacial marine sedimentary 

processes, the Antarctic continental margin also provides a 

sedimentary record which is invaluable for studies of 

Antarctic glacial history. It is generally believed that 

the continent has been glaciated since the mid-Miocene 

(Hayes and Frakes, 1975; Kennett, 1977). Since this time, 



FIGURE 1 . Study area adjacent to North Victoria 
Land's coast/ showing location of 
bottom grabs and piston cores collected 
during the 1980 "Deep Freeze" espedition. 
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numerous glacial fluctuations have undoubtably occurred. 

However, it is the most recent (late Wisconsin) glacial 

advance which is of particular interest in this area. 

Drewry (1979) contends that this advance was marked only by 

local grounding of ice on the continental margin. On the 

other hand, Denton and Hughes (1981) contend that the 

entire East Antarctic Ice Sheet expanded and was grounded 

to the edge of the continental shelf. Studies of sediments 

along the George V- Adelie Coast (Domack, 1980) and within 

the Ross Sea (Myers, 1982) seem to support the latter 

contention. 

Due to its location with respect to the Transantarctic 

Mountains (fig.l), the continental margin of North Victoria 

Land is the most isolated portion of East Antarctica with 

respect to the large ice sheet. It is therefore an 

important area for measuring the extent of the East 

Antarctic Ice Sheet during the late Wisconsin advance. 

During the 1980 "Deep Freeze" expedition, an extensive 

marine geological survey was performed during which 41 

piston cores, 69 bottom grabs and extensive PDR (precision 

depth recorder) records were collected (fig. 1). The 

primary objective of this thesis, which is based on the 

information obtained from these samples and data, is a 

sedimentologic investigation of the unique, cold, 

valley-glacial marine envirnment provided by the study 

area. A second objective is to determine if the East 



6 

Antarctic Ice Sheet flowed over the Transantarctic 

Mountains and into the study area during the late Wisconsin 

glacial advance. The final objective is to delineate 

temporal trends in the patterns of sedimentation from which 

recent paleoclimatic interpretations might be made. 

This thesis is divided into four sections. The first 

section deals with the regional geology, glaciology and 

oceanography of the area with a brief description of 

methodology, previous work and historical background. The 

second section is concerned with the description and 

interpretation of surface sediments. The third section 

deals with the description and interpretation of the cored 

sediments. Section four summarizes and discusses the 

processes and patterns of sedimentation and the recent 

glaciologie and climatic history of this unique area 

METHODOLOGY 

X-radiographs were made of all 41 cores, which range 

from 5cm to 600cm in length. Observations of the structure 

and stratification of the sediment were made from these 

x-radiographs. The cores were then cut in half and visual 

observations of color, texture and sedimentary structure 

were made. Based on these observations, sediment samples 

(3cm/ in size) were collected for more detailed 

sedimentological analyses. 

Samples were analyzed using the Rice University 
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Automated Sediment Analyzer (Anderson and Kurtz, 1979). By 

this method gravel (>-1.0 phi ), sand (-1.0 to 4.0 phi), 

coarse silt (4.0 to 6.0 phi) and £ine silt to clay (6.0 to 

10.0 phi) fractions are separated using various sieving and 

decanting methods. The separated sand, coarse silt, and 

fine silt to clay fractions are then texturally analyzed 

using a large settling tube, small settling tube, and 

hydrophotometer, repectively. These raw data are 

automatically stored and compiled by computer which can 

subsequently print out grain size and cummulative frequency 

curves at 0.25 phi intervals along with the following 

textural statistics: mean grain size, skewness, kurtosis 

(peakedness of frequency distribution) and standard 

deviation. 

In addition to textural analyses, the sand fraction of 

each sample was analyzed mineralogically by standard point 

count methods using a Zeiss transmitted light microscope. 

Smear slides were also made from each original, unprocessed 

sample from which qualitative paleontological and 

sedimentological observations were recorded. 

The spacial distributions of various descriptive 

parameters were analyzed by standard trend analysis 

techniques. Trend analysis is a statistical method based 

on the assumption that in any region the values of a given 

parameter at a given point are a function of a major 

regional trend and local perturbations of that trend 
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(Daves, 1973). It utilizes least square methods for 

determining the best fitting polynomial surface. The 

surface represents the major regional trend while residual 

values from the surface represent local perturbations. In 

this study, trend surfaces were determined using standard 

Statistical Analytical Systems (SAS) routines on the Rice 

University Computer. 

Over 300 pebbles collected from piston cores and 

bottom grabs were analyzed for mineralogy, shape and 

surface texture (i.e. striations, etc.). Minéralogie 

determinations were made visually and microscopically from 

thin sections. Shape was determined using the standard 

sphericity and roundness measures of Krumbein (1941). 

Additional analyses on selected samples included the 

separation and chemical analysis of volcanic sands 

utilizing the electron microprobe; the examination of 

selected biogenic sediments utilizing the scanning electron 

microscope and, the determination of clay mineralogies 

utilizing the x-ray diffractometer. 

PREVIOUS WORK 

Compared to other sedimentary environments, the 

glacial marine environment has received relatively little 

attention. This is reflected by the lack of high quality, 

comprehensive models for glacial marine sedimentation. One 

of the older and probably still most commonly referenced 



9 

models for glacial marine sedimentation is that of Carey 

and Ahmad (1961). In their model, which is based on 

studies of Permian glacial marine sediments in Tasmania and 

Pleistocene sediments in Alaska, the influence of the 

glacial thermal regime on sedimentation is emphasized. 

Silty clay with sparse erratics are associated with warm, 

wet-based glaciers while pebbly mudstones and diamictons 

are associated with cold, dry based glaciers (Carey and 

Ahmad, 1961). 

Another classic model is that of Lavrushin (1968), who 

studied sedimentation along the fjord coast near 

Spitsbergen. In his model, Lavrushin described three zones 

of sedimentation which are a function of the proximity to 

the calving line of the glacier. These include 1) the zone 

of submarine moraines, which is characterized by a poorly 

sorted, pebbly, sandy silt; 2) the zone of iceberg glacial 

marine deposits, which is characterized by pebbly mud; and 

3) a very narrow zone of submarine ablation moraines which 

forms directly under the calving line (Lavrushin, 1968). 

Several models have been developed more recently. 

Based on investigations of sediments in Alaska's Glacier 

Bay, Powell (1981) developed a model for sedimentation by 

tidewater glaciers in which he described the formation of 

pebbly laminated sands by hyperpycnal flow (dense 

underflow) of glacial outwash and ice rafting. However, 

the development of hyperpycnal flow from glacial outwash in 
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a marine environment is unlikely (Kuenen, 1951; Einstein 

and Krone, 1962; Reading, 1980), Drewry and Cooper (1981) 

developed a conceptual model for glacial marine 

sedimentation in which they described two principle facies: 

laminated deposits and subaqueous tills. Their model 

emphasizes the role of ice shelves in sedimentation along 

the continental shelf, while outlet glaciers (glaciers 

which drain large ice sheets) are more important farther 

offshore. 

These depositional models provide an important first 

step towards understanding glacial marine sedimentary 

processes. However, they are overly simplistic in their 

description of an environment which is very complex. This 

is largely due to the paucity of data from modern glacial 

marine environments. 

Sediments from the Antarctic Margin were first 

described by Phillippi (1910), who was the first to use the 

term glacial marine. This study was followed by 

descriptive studies by Chapmann (1922) and Hough (1956) 

among others. Since then, several studies aimed at 

improving our understanding of the processes active along 

the continental margin have been conducted. Warnke (1970) 

argued that since the last glacial maximum, the 

contribution of ice rafting in the southern ocean has 

dramatically decreased while the influence of marine 

processes and biogenic sedimentation has increased. 
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Kellogg, et al. (1979) has studied the contribution of 

modern biogenic sedimentation, while Orheim and Elverhoi 

(1981) have studied marine processes arid their influence on 

the sediment. Anderson et al. (1979) studied processes 

active along the continental slope, as well as the 

continental shelf (Anderson, 1972; Anderson et al,, 

1979;Anderson et al., 1980a,b). 

Regional marine geological surveys have been conducted 

along the George V Coast (Domack, 1980), the Weddell Sea 

(Anderson, 1972; Anderson e£ ah, 1980b) and the 

Bellingshausen Sea (Tucholke, 1977). These studies have 

helped to improve our understanding of the processes active 

in the Antarctic glacial marine environment. There have 

been no such studies performed along the continental margin 

of North Victoria Land prior to 1980. However, there have 

been extensive land based geological surveys here (Le 

Couteur, 1964; Crowder and Hamilton, 1966; Hamilton, 1967; 

Gair, 1967; Crowder, 1968). 

HISTORICAL BACKGROUND 

Early exploration in the southern seas began in the 

mid-eighteenth century with expeditions by the British and 

French. In 1773, Captain James Cook became the first 

person to cross the Antarctic circle, but he failed to 

sight the mainland. These early expeditions produced 

reports of vast populations of seals on the numerous 
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islands which had been sighted. This resulted in an 

invasion of the southern seas by seal hunters such as 

Nathaniel Palmer, who in 1820 was the first man to sight 

the mainland, and John Davis of Connecticut, who made the 

first known landing on the continent one year later. 

Scientific interest grew in 1833, after the 

publication of the magnetic theories of Gauss. This 

resulted in numerous scientific expeditions, including one 

made in 1839 by Captain James Clark Ross who, with his two 

ships: Erebus and Terror, was the first to navigate 

along the North Victoria Land Coast. He obtained depth 

soundings and made magnetic and tidal observations along 

the way. 

Following these expeditions, scientific interest in 

the continent waned until the nineteenth century when the 

Royal Geographical Society urged that joint 

scientific-economic expeditions be conducted. By this time 

the seal industry had diminished as a result of over 

hunting, and the whaling industry began to dominate the 

scene. It was aboard a whaler that Australian science 

teacher Carsten Borchgrevink landed at Cape Adare, where he 

collected numerous geologic and biologic specimens. He 

became the first person to "winter over" on the mainland, 

staying at Cape Adare. Later, in 1910, Priestly, on an 

expedition led by Scott aboard the Terra nova, became the 

first geologist to land on the continent (at Cape Adare) 
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Since then, extensive land-based geological surveys have 

been performed in North Victoria Land by New Zealand, 

American, Russian, German and Australian researchers. 

However, no marine surveys have been performed along its 

coast until the 1980 Deep Freeze Expedition. Few ships 

have ever even dared to enter these treacherous ice-covered 

waters where recently (1981) a German cargo ship was 

crushed by sea ice blown against it by gale force winds. 

OCEANOGRAPHY 

The waters surrounding Antarctica, south of the 

Antarctic Convergence, can be grouped into three main water 

masses: Antarctic Surface Water, Circumpolar Deep Water 

and Antarctic Bottom Water (fig.2). Antarctic Surface 

Water is cold (-1.6* c to -2.0* c ), has a high disolved 

oxygen content,and low salinity (34.65%* to 34.7%*), ( Gordon 

and Tchernia, 1972). It is produced by contact with the 

cold atmosphere and from melt water contributions. It 

either flows northward or westward along the shelf break as 

the wind driven "Eastwind Drift" (fig.3). 

Dense, relatively saline Antarctic Bottom Water forms 

as a result of sea ice formation (Brennecke, 1921; 

Fofonoff, 1956) and possibly freezing on the underside of 

ice shelves (Gordon, 1971). It flows down the continental 

slope and out onto the abyssal floor, generally in a 

northerly direction. However, westward flowing bottom 



FIGURE 2 . Schematic of major water masses in the 
Antarctic and Subantarctic (Gordon and 
Goldberg, 1970). 
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FIGURE 3 Major surface currents in the Antarctic 
and the Subantarctic (Grosvenor, 1963). 
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currents have been observed adjacent to the North Victoria 

Land continental shelf (fig.4). 

Circumpolar Deep Water represents a thick, relatively 

saline, warm water mass, contributed by more northerly 

oceans, which lies between Antarctic Bottom Water and 

Antarctic Surface Water. Circumpolar Deep Water flows 

mainly in a easterly (clockwise) direction along the 

continental margin. Where it encounters denser waters 

flowing off the continental shelf, it upwells bringing 

nutrients to the surface and hence increasing primary 

productivity. 

BATHYMETRY 

The North Victoria Land continental shelf has an 

average depth of 200 to 300 meters. This is the shallowest 

shelf yet mapped in Antarctica, possibly resulting from 

continued uplift of the region during the Quaternary (Gair, 

1967). The average depth of the continental shelf 

elsewhere in Antarctica is 400 to 500 meters (Grinnell, 

1971; Hayes and Conolly, 1972; Hayes and Frakes, 1975; 

Volokitina, 1975; Zhivago, 1962; Vanney and Johnson, 1979 

a, b). Figure 5 is the bathymetric map of the study area, 

which was derived from PDR records gathered during the 1980 

"Deep Freeze" Expedition. The names given to the 

bathymetric features are unofficial. 

The continental shelf is relatively flat, which may 
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FIGURE 4. Major bottom currents adjacent to North 
Victoria Land and nearby areas 
(Eittreim, et al., 1972). 
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FIGURE 5. Bathymetry of North Victoria Land 
continental margin. Depths are in 
meters. Names of physiographiç 
features are unofficial. 
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indicate that it was subject to extensive wave erosion at 

one time. The shelf is divided into two physiographic 

provinces (fig.6) which are similar to those described 

elsewhere along the East Antarctic continental margin by 

Volokitina (1975) and Vanney and Johnson (1979 a,b). 

relatively deep inner shelf is characterized by rugged 

topography with rocky ridges, deep irregular depressions, 

and scattered, small granitic islands. This rugged 

topography, which is typical of glaciated shelves (Shepard, 

1931), may result from the erosive and depositional action 

of fluctuating glaciers (Shepard, 1931 and Vanney and 

Johnson, 1979 a, b). Bottom samples taken from the inner 

shelf consist of an assortment of outcrop material and 

glacially derived diamictons. Within shelf depressions, a 

thin veneer of diatomaceous ooze covers outcrops and 

glacial deposits. 

The narrow, rugged coastal belt of the inner shelf 

passes abruptly into the broader, shallower outer shelf 

(fig.6). This sharp transition may indicate that a fault 

zone separates the two physiographic provinces. The outer 

shelf is characterized by more gentle topography. Bottom 

samples from the outer shelf consist primarily of current 

derived sands and glacial marine sediments. This sediment 

distribution pattern suggests that the outer shelf is 

dominated by strong marine currents and ice rafting, with 

glacial erosion occuring only during infrequent, major 



FIGURE 6. Precision depth recorder (PDR) profile 
(transect #2 in fig.5) extending from 
the deep, rugged inner continental 
shelf to the shallower, smooth outer 
continental shelf. The sharp boundary 
between the 2 provinces may represent 
a fault zone. 
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glacial advances. Longitudinal troughs, which are the most 

prominent physiographic features of other parts of the East 

Antarctic margin (Grinnell, 1971; Volokitina, 1975; Vanney 

and Johnson, 1979 a, b) are not present on the continental 

shelf off North Victoria Land. 

Both the inner and outer continental shelves are 

incised by deep, u-shaped glacial troughs, similar to those 

described elsewhere in Antarctica (Grinnell, 1971; Vanney 

and Johnson, 1979 a, b) and also similar to, but deeper 

than glacial troughs of the North American continental 

margin (Shepard, 1931). All of these troughs are 

characterized by steep, rugged walls (8* to 20° gradient). 

The troughs of the inner shelf are typically 600 to 

800 meters deep, 12 to 25 kilometers wide and exhibit a 

rugged bottom topography. The larger troughs of the outer 

shelf (fig.7) are typically 1000 to 1300 meters deep, 20 to 

45 kilometers wide and exhibit a relatively smooth bottom 

topography. Troughs such as these are believed to have 

been carved by advancing valley glaciers (Shepard, 1931; 

Grinnell, 1971; Vanney and Johnson, 1979 a,b) or outlet 

glaciers which, based on the extent of the troughs, must 

have been grounded at the shelf break at one time. Many of 

these troughs exhibit both an inner shelf depression and an 

outer shelf depression reflecting different glacial 

conditions during one or more glacial advances. 

The moderately steep (2* to 8*gradient) continental 



FIGURE 7. Precision depth recorder (PDR) 
(transect #1 in fig.5) across 
Dennistoun Trough (vertical exagération 
50x). Note the slightly deeper and 
more rugged physiography northwest of 
the trough. 
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slope of North Victoria Land is also divided into 2 

physiographic provinces: a relatively steep upper slope and 

a gentler lower slope (fig.5). The steep upper slope 

extends to depths of 1000 meters and is characterized by 

relatively smooth bottom topography while the gentler lower 

slope is more typically hummocky. 

The outer continental shelf and continental slope is 

disected by numerous canyons, the largest of which is 45 

kilometers wide (Mobile Canyon, fig.5). These canyons are 

characterized by relatively gentle slopes of less then 8 

and a v-shaped profile. They therefore differ from glacial 

troughs, which are characterized by much steeper and more 

rugged walls and a u-shaped profile (Shepard, 1931). The 

bottom topography of these submarine canyons is smooth to 

hummocky. The smooth topography in combination with the 

lack of turbidite sands in bottom samples and cores taken 

within the canyons, which are filled with muds and muddy 

sands, suggests that they are presently inactive. 

The most prominent physiographic feature on the North 

Victoria Land continental margin is a northwest to 

southeast trending, very rugged chain of volcanic seamounts 

which extend from the abyssal floor to the continental 

slope off Cape Adare. It has been suggested that this 

chain of seamounts represents the southern extension of the 

Balleny Fracture Zone, which includes the volcanic Balleny 

Islands (Brake and Anderson, in press). The Balleny 
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Fracture Zone represents a major transform which offsets 

the South Pacific Rise (Summerhayes, 1969). Where this 

fracture obliquely intersects the Antarctic continental 

margin at Cape Adare, it forms a marginal fracture zone 

basin (Le Pichon, 1972). 

REGIONAL GEOLOGY 

Figure 8 is a geologic map of North Victoria Land. 

From this map it can be seen that North Victoria Land can 

be divided into three geologic provinces including the 

extensive and uniform Robertson Bay Group, the McMurdo 

Volcanic Group, and a western sequence of complexly folded 

and faulted metamorphic, sedimentary and igneous rocks 

(figure 5). 

Within the study area, about 80% of the coastline is 

occupied by the Robertson Bay Group, which consist of a 

very uniform sequence of late Precambrian (Soloviev, 1960) 

well bedded, gray to green quartzose meta-graywackes and 

slates (Crowder, 1968). It is believed to represent a 

slightly metamorphosed flysch sequence that was originally 

deposited in deep water (Wright,T., 1980). Intruded into 

this tightly folded formation are equidimensional masses of 

granite and granodiorite which belong to the Carboniferous 

Admiralty Group. 

To the west of the Robertson Bay Group lies a 

complexly juxtaposed assortment of rocks. The principle 



FIGURE 8 Geology of North Victoria Land (Gair, 
et al., 1972). 
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formations are the Cambrian Bowers Group, which is composed 

of shallow water orthoquartzites and shales with 

interbedded rhyolite extrusives; the Permian Beacon Group, 

which is composed of quartzite and arkose; Jurassic 

dolerite flows and the Precambrian Wilson Group, which is 

composed of biotite-garnet paragneiss, marble, silicious 

biotite schists and migmitite (Crowder, 1968). These rocks 

are intensely folded and faulted and are exposed only along 

the extreme western portion of the coastline in the study 

area. 

Along the eastern edge of the study area lies a linear 

belt of Miocene to Recent extrusives known as the McMurdo 

Volcanic Group (Hamilton, 1972). This group is composed of 

subglacially erupted alkaline palagonitic breccia 

consisting of clasts, nodules and granules of basalt in a 

palagonitic matrix (Hamilton, 1972). It is also composed 

of sand and granule size fragments of glassy basalt and 

palagonite in a soft, porous, earthy palagonite matrix 

(Hamilton, 1972). The volcanics at Cape Adare are believed 

to have flowed out of a crustal fissure zone which existed 

about six miles east of the present peninsula, but which 

has since eroded away (Hamilton, 1972). The volcanic belt 

is a result of deep crustal rifting resulting from major 

shifts in stress patterns and plate motions during the 

Miocene (Summerhayes, 1969). These volcanics, and those 

associated with the Balleny Fracture Zone, are similar in 
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composition and age (Hamilton, 1972) and are typical of 

interplate environments associated with tensional 

environments (Kyle, pers.comm.). 

Terminating abruptly at the coast of North Victoria 

Land are the Transantarctic Mountains, which formed during 

a Cenozoic orogenic event (Crowder, 1968). Uplift may have 

continued during the Quaternary (Gair, 1967) and may, as 

stated earlier, be responsible for the shallow nature of 

the continental shelf. 

GLACIOLOGY 

Antarctica can be divided into three glaciologie 

provinces. West Antarctica is dominated by a large, 

partially marine, ice sheet with associated ice shelves. 

It is believed to be unstable and possibly disintegrating 

(Hughes, 1973). In contrast, East Antarctica is occupied 

by the large, stable East Antarctic Ice Sheet. Drainage 

from this ice sheet is largely from numerous outlet 

glaciers. The third glacial province includes valley 

glaciers which are found along the Transantarctic Mountains 

and along portions of West Antarctica. 

North Victoria Land is characterized by three types of 

glaciers including small valley galciers, large valley 

galciers and a single outlet glacier, the Rennick Glacier 

(fig. 9). Numerous small, coastal valley glaciers flow 

from isolated drainage basins within the Robertson Bay 



FIGURE 9. Glacial map showing three types of 
glaciers found in North Victoria Lands 
small coastal valley glaciers, large 
valley glaciers and and outlet glacier 
(Rennick .Glacier). Glacial drainage 
divides are also shown (Antarctic 
Sketch Map, 1963). 
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group and empty directly into the sea. The Tucker and 

Lillie Glaciers represent large valley glaciers (fig. 9) 

which lie inland of the coastal valley glaciers. They 

primarily flow parallel to major structural trends within 

the mountains and empty directly into the sea. Along the 

extreme western edge of the study area lies the enormous 

(400 kilometer long) Rennick Glacier, which is an outlet 

glacier draining the East Antarctic Ice Sheet and flowing 

through a large Cenozoic graben (Gair, 1967) to the sea. 

Based on the bathymetric evidence and studies of Adare 

Peninsula by Hamilton (1972), it is evident that the 

glaciers of North Victoria Land were more extensive in the 

past. In fact, glacial reconstruction based on this 

evidence clearly shows that the East Antarctic Ice Sheet 

could have overrun the Transantarctic Mountains and flowed 

into this area during a past glacial advance (fig.10). The 

age of the advance(s), however, is as yet uncertain. 



FIGURE 10. Reconstructed Miocene ice surface 
across Adare Penensula (Hamilton, 
1972). 
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SECTION II: SURFACE SEDIMENTS 

This section will initially be concerned with the 

description of the surface sediments taken from bottom 

grabs in the study area (fig.l). It will also be concerned 

with the distribution of the various sediment types and the 

spatial trends of several important textural and 

minéralogie parameters. Following this, interpretations 

will be made as to the sedimentary processes active in this 

unique cold, valley glacial marine environment. 

The 69 grab samples obtained from the study area are 

readily distinguished into four broad sediment groups 

including diamictons, muds, sands and gravels. These are 

further subdivided, on the basis of more detailed 

sedimentologic work, into eight sediment types. Table 1 

lists these eight sediment types along with a brief 

description of each. The textural differences between 

these sediment types is best illustrated using a two 

dimensional scatter diagram of mean grain-size plotted 

against sorting (sorting is expressed as kurtosis/ standard 

deviation)(fig.11). As seen in figure 11, mean grain size 

is the main distinguishing criteria. Further subdivision 

of these sediment groups is possible based on paléontologie 

or minéralogie criteria. Textural and compositional data 

for all samples analyzed may be found in the Appendix. 
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FIGURE 11. Plot of mean grain size vs sorting 
for surface and near surface sediment 
samples. Numbers refer to sample 
sites (fig.l). 
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DIAMICTONS 

Muddy Diamictons- 

The term diamicton refers to sediments which are 

terrigenous, nonsorted, noncalcareous and contain a wide 

variety of grain sizes including pebbles (Flint, 1971). 

Muddy diamictons from the study area are clay-rich, 

negatively skewed, very poorly sorted, gravelly, sandy, 

silty muds (fig.11,12). They have mean grain sizes of 4.8$ 

to 7.0 $ and are strongly polymodal. They typically 

consist of 0% to 50% gravel, 10% to 60% sand, 10% to 60% 

silt, 10% to 50% clay, and variable concentrations of 

biogenic material. Gravels and sand grains are commonly 

striated and faceted, indicating a glacial origin 

Mudddy diamictons blanket the inner continental shelf 

adjacent to eastern Pennell Coast and along portions of 

Rennick Plateau (fig.12). They include samples 13, 20, 22, 

32, 36, 147, 149 and 167. The associated bathymetry is 

characteristically hummocky (fig.13). The muddy diamictons 

on Rennick Plateau contain low concentrations of poorly 

preserved diatoms which exhibit low diversity. Based on 

the diatom assemblage, these deposits are believed to be 

relicts of the last glacial advance. In contrast, the 

muddy diamictons adjacent to the Pennell Coast contain a 

moderatedly high concentration of well preserved diatoms 

which exhibit high species diversity. Such an assemblage 
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FIGURE 12* Typical frequency curve for muddy 
diamictons and map showing their 
distribution. 
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FIGURE 13. PDR trace showing hummocky sea floor 
covered by muddy diamictons in 
Robertson Bay. 
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is characteristic of recent deposits. 

Sandy Diamictons- 

Sandy diamictons are similar to their muddy 

counterparts except much of their fine grained fraction is 

missing (fig.14). They are very poorly sorted, with mean 

grain sizes of 3.0$ to 5.0$ and are negatively skewed 

(fig.14). Sandy diamictons typically consist of 0% to 50% 

gravel, 40% to 70% sand, 15% to 50% silt, 5% to 15% clay 

and sparse biogenic material. However, sample #161 

contains abundant fossils including bryozoan fragments, 

ostracods, foraminifera, echinoderm spines and barnacle 

plates. Sandy diamictons were found in samples 3, 7, 16, 

34, 161, 164, 165, 166 and 173. These samples are located 

along Big Red Plateau and portions of the upper continental 

slope (fig.14). 

MUDS and DIATOM OOZES 

Diatom Oozes- 

Diatom oozes of the area are poorly sorted, polymodal, 

normally distributed (skewness around 0) and have mean 

grain sizes of 7.0$ to 8.0$(fig.15). Diatoms are very well 

preserved and exhibit a high diversity. Diatom oozes 

typically lack gravel and consist of 0% to 10% sand, 10% to 

30% silt and 50% to 90% clay. They include samples 2, 14, 



FIGURE 14 . Typical frequency curve of sandy 
diamicton and map showing distribution 
of these sediments. Note that this 
sediment type is similar to muddy 
diamictons (fig. 12) except the fine 
silt and clay fraction is depleted. 
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FIGURE 15. Typical frequency curve for diatom 
ooze and map showing distribution 
of these deposits. 
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DIATOM OOZES 
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28, 29, 157, 162 and 163. The sand fraction is 

fine-grained and moderately sorted, which is in contrast to 

the poorly sorted sand fraction of diamictons. Diatom 

oozes are distributed along the western flanks of 

Dennistoun Trough and Kirkby Trough and within Yule Bay 

(fig.15). They are also located along the lower 

continental slope. 

Silty Diatom Ooze- 

Silty diatom oozes in the area are poorly sorted, 

positively skewed, and have mean grain sizes of 6 <l> to 7$ 

(fig.16). They typicaly consist of 0% to 5% gravel, 5% to 

20% sand, 25% to 40% silt, 55% to 60% clay and abundant 

diatoms and sponge spicules. They include samples 

22(25cm), 23, 27 and 30 and are located at depths of 800 m 

to 2000 m along the middle continental slope (fig.16). 

Sandy Muds- 

Sandy muds in the area are poorly sorted to very 

poorly sorted, normally distributed (skewness around 0) and 

have mean grain sizes of 5.0$ to 7.0$(fig.l7). They 

typically consist of 0% to 5% gravel, 10% to 25% sand, 25% 

to 40% silt, 40% to 55% clay and, with one exception, 

contain abundant recent diatoms and sponge spicules. 

Diatomaceous sandy muds are found within the inner shelf 

depressions (fig.17) and are associated with smooth bottom 



FIGURE 16. Typical frequency curve of silty diatom 
ooze and map showing distribution of 
this sediment type. 
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FIGURE 17. Typical frequency curve of 
sandy mud and map showing 
distribution of these sediments. 
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topography . They include samples 15, 18, and 160. 

It is apparent from these descriptions that diatom 

oozes, silty diatom oozes and sandy muds are all very 

similar in character, varying only in their relative 

concentrations of sand and silt, and hence their mean grain 

size. In fact, as is apparent from figure 12, a continuum 

in grain-size distribution exist between these three 

sediment types. All three sediment types are associated 

with smooth bottom topography. 

SANDS 

Muddy Sands- 

Muddy sands in the area are poorly sorted to very 

poorly sorted, positively skewed, polymodal and have mean 

grain sizes of 4.0<J> to 6.0^ (fig. 18). They typically 

consist of 0% to 10% gravel, 50% to 70% sand, 15% to 30% 

silt, 20% to 40% clay and abundant diatoms and sponge 

spicules. The sand fration is fine-grained (3f to 4$ ) and 

moderately sorted. This is in contrast to the 

coarse-grained and very poorly sorted sand fraction of 

diamictions. Muddy sands were collected at sites 4, 5, 6, 

8, 9, 31, 33, 35, 150, 156, 158 and 159. These samples 

are located along the upper continental slope, within 

Mobile Canyon, along portions of the inner shelf 

depressions and along portions of Big Red Plateau (fig.18). 



FIGURE 18. Typical frequency curve of muddy sand 
and map showing distribution of this 
sediment type. Note that the sands are 
fine grained and display moderate sorting. 



61 

MUDDY SANDS 
16 4* 

grain size (phi) 

Kirkby Trough 

70 - 

Dennistoun Trough 

w  

f study ‘—■ 
arta 

QOT \ 9Cf 

f op' 
s 

0* 

aberts^qn Bay 

72* S* 

* I # / 



62 

The muddy sands of Mobile Canyon and Big Red Plateau 

lie immediately adjacent to sandy diamictons. The grain 

size distribution and mineralogy of the muddy sands and 

sandy diamictons indicates that the former were derived by 

winnowing of the latter (fig. 19). 

Moderate to Well Sorted Sands- 

The moderate to well sorted sands of the area are 

fine- to coarse-grained, largely volcanic in composition 

(based on microsopic examination), unimodal, positively 

skewed and have mean grain sizes of 0.5 $ to 3.0 § (fig. 

20). These sediments contain little or no clay or silt 

size material. They represent the best sorted sediment in 

the study area (fig. 11). Twelve samples of this sediment 

type were recovered: 1, 32, 37, 39, 149, 151, 153, 154, 

168, 169, 171 and 172. Well sorted sands blanket Rice 

Plateau and are also found adjacent to Adare Peninsula. 

The sands are coarsest adjacent to Adare Peninsula and 

exhibit a progressive decrease in grain size westward 

across Rice Plateau (fig. 21). The bathymetry associated 

with these sediments is smooth. 

GRAVEL 

Sandy Gravels- 

The gravels in the area are poorly sorted, sandy, and 



FIGURE 19. Relative grain-size distribution of 
adjacent deposits of muddy sand and 
sandy diamicton. The grain size 
distribution of muddy sand corresponds 
well with the coarse silt-and sand-size 
fraction lacking in sandy diamictons. 
This suggests that muddy sand (as found 
in sample #4) was derived from the win¬ 
nowing of adjacent diamictons, leaving 
a surface veneer of sandy diamicton 
(as found in sample #3). 
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FIGURE 20. Typical frequency curve for moderate 
to well sorted sands, and map showing 
distribution of these sands. 





FIGURE 21. Station locations and grain size 
distribution o£ 3 well sorted sand 
samples, showing progressive west¬ 
ward decrease in grain-size o£ traction 
mode. 
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contain no clay or silt. They typically contain moderate 

amounts of fossils incuding bryozoan fragments, ostracods, 

foraminifera, echinoderm spines and sponge spicules. These 

sediments are located adjacent to Adare Peninsula (#171), 

and the granite islands near Yule Bay (#161) (fig. 22). In 

addition, two samples of unilithic gravel (slate) were 

collected at sites 158 (grab) and 3 (grab) and are believed 

to represent outcrop of basement on the sea floor. 

SPATIAL TRENDS 

Results of Grain Size Analysis- 

Figures 23, 24, 25, 26 and 27 are hand contoured maps 

of various textural parameters of surface sediments. The 

maps of mean grain size (fig. 23), sand content (fig. 24) 

and clay content (fig. 25) show very good correlation with 

bathymetry. Using these maps, it can be shown that the 

coarsest (mean grain size >3.00 ) and sandiest (>80% sand) 

sediments occur adjacent to Adare Peninsula and along 

portions of Big Red Plateau and Rice Plateau. In contrast, 

the finest muds are found within the deep glacial troughs 

and along the lower continental slope. The transition 

between fine muds and coarse, sandy sediment is very sharp, 

especially along the eastern flanks of glacial troughs. In 

general, the mean grain size and sand content decrease 

towards the west away from Adare Peninsula and towards the 



FIGURE 22. Distribution of sandy gravel and base¬ 
ment outcrops in the area. 
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SANDY GRAVEL 



FIGURE 23. Mean grain size of surface sediments 
(in phi). 
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FIGURE 24. Concentration of sand in surface 
sediments. 





FIGURE 25. Concentration of clay in surface 
sed intents. 
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Figure 26. Concentration of gravel in surface sediments. 



79 

NORTH 

Gravel(%) 

> 1 5 NORTH Î 

Kirkby 
Trough 

Mobile 
Canyon 

Big Red 
Plateau 

Dennistoun 
Trough 

VICTORIA 

LAND 

A dare 
Peninsula 



Figure 27* Sorting (kurtosis/ standard deviation) of 
surface sediments. 
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Pennell Coast. 

The concentration of gravel (fig. 26) correlates only 

roughly with bathymetry. The highest concentrations are 

found along portions of Rennick Plateau and Big Red Plateau 

and adjacent to eastern Pennell Coast. The lowest 

concentrations occur in association with the well sorted 

sands of Rice Plateau and the muds and diatom oozes of the 

shelf depressions and the lower continental slope. 

The best sorted sediment occurs adjacent to Adare 

Peninsula and along Rice Plateau (fig. 27). Other 

sediments within the study area are poorly to very poorly 

sorted. Most striking is the sharp decrease in sorting 

along eastern Pennell Coast (fig. 27). 

Surface Sediment Composition- 

There are two distinctly different sources of 

terrigenous sediment within this area: the quartz-rich 

Robertson Bay Group and the McMurdo Volcanic Group of Adare 

Peninsula (see Regional Geology). It is therefore 

relatively easy to determine paths of sediment transport by 

examining sediment mineralogies. In addition, since the 

Robertson Bay Group is eroded entirely by glaciers and the 

volcanic rocks of Adare Peninsula are eroded primarily by 

marine processes (refer to section 1), it is possible to 

determine the relative contribution of these processes by 

examining the mineralogy of sediments. 
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Figure 28 is a map of the ratio of volcaniclastic 

material to quartz (measured by point count) for the sand 

size fraction of surface sediment samples. From this map, 

four important observations can be made. 

1. The concentration of volcaniclastic sediment 

is highest adjacent to Adare Peninsula and 

decreases westward along the shelf. 

2. There is a sharp decrease in the concentration 

of volcanic sediment adjacent to eastern 

Pennell Coast. 

3. Sharp changes in the concentration of 

volcaniclastic sediment occur within the 

deep glacial troughs and Mobile Canyon. 

4. There is a progressive increase in the 

concentration of volcaniclastic sediment 

with increasing depth along the 

continental slope and West of the 

Balleny Seamounts. 

SURFACE SEDIMENTS : INTERPRETATION 

Bottom currents flowing north, out of the Ross Sea, 

should possess a strong westward Ekman component as they 

flow around Adare Peninsula, causing them to impinge on the 



PIGORE 28. Petrography of surface sediments. 
Values are for concentrations of 
volcanoclastic particles divided by 
concentrations of quartz grains in 
the sand fraction. 



85 



86 

continental margin (Eittreim, e_t al,, 1972). In 

addition, the westerly flowing East Wind Drift also impinge 

on the peninsula. These currents, in conjunction with 

storm waves, are believed to have caused significant 

erosion of Adare Peninsula (Hamilton, 1972). Based on 

Hamilton's (1972) determinations of changes in the size of 

Adare Peninsula since Miocene time, it is estimated that as 

much as 1500 to 3000 cubic kilometers of volcanic rock have 

been eroded from the peninsula since that time. Very 

coarse, well sorted, volcaniclastic sands are widespread 

along the adjacent continental shelf (fig. 29) and are 

interpretted as traction deposits. They reflect bottom 

current velocities in the range of 13 to 16 cm./sec. 

(Inman, 1949; Singer, 1982). The distribution of these 

deposits corroborate Hamilton's contention that 

considerable seafloor erosion has occured in this region. 

Volcaniclastic sands are transported around Adare peninsula 

and westward across Rice Plateau, as indicated by 

decreasing sand concentrations (fig. 24), decreasing 

volcaniclastic/quartz ratios (fig. 28), and a gradual 

decrease in the grain- size of the traction mode in that 

direction (Hjulstrom, 1939; fig. 21). Higher 

concentrations of quartz sands along the western portion of 

Rice Plateau reflects reworking of relict glacial marine 

deposits; no other significant sources of quartz exist here 

at present. Diatom frustules, fine silts and clays are 



FIGURE 29. Distribution of 4 primary surface 
sediment groups. Diamictons occur 
adjacent to eastern Pennell Coast and 
along portions of Rennick and Big Red 
Plateaus. Sand and gravel are primarily 
found on the outer continental shelf 
and adjacent to Adare Peninsula. Muds 
are found within shelfal .depressions 
and along the lower continental slope. 
Silty diatom oozes occur only along the 
middle continental slope. 
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apparently transported away in suspension by these strong 

currents. 

The ability of marine currents to transport sediment 

westward across the continental shelf is severely abated as 

they pass over deep glacial troughs. This results in rapid 

and complete deposition of entrained sediment into these 

troughs. This is reflected by sharp changes in sediment 

character along the eastern flanks of Dennistoun Trough. 

Well sorted sands occur along the western margin of Rice 

Plateau while poorly sorted muddy sands and silts occupy 

the eastern flanks of Dennistoun Trough, and diatom oozes 

and silty clays occur within and along the western flanks 

of the trough. 

West of Dennistoun Trough, Big Red Plateau is floored 

largely by relict glacial marine deposits and basement 

outcrops (fig. 27). There is a distinct lack of recent 

current derived and glacially derived sediment here. It 

appears that strong currents flowing over the plateau are 

actively winnowing relict glacial marine deposits leaving a 

sediment cover of sandy diamictons in this region. Much of 

the entrained fine sands, silts, clays, and diatom 

frustules are subsequently deposited in Mobile Canyon to 

form muddy sands (fig. 29). These sands are poorly sorted, 

indicating rapid sedimentation and minimal reworking. In 

addition, epifaunal suspension feeders such as sponges, 

which are abundant along the Antarctic margin, may promote 
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the formation of poorly sorted sediments by removing 

particulate matter from suspension. 

The dramatic changes in sedimentation that occur 

across Dennistoun Trough are also reflected in the bottom 

topography of the area; southeast of the trough the shelf 

is quite flat while northwest of the trough Big Red Plateau 

is somewhat deeper and considerably more rugged (fig.7). 

This implies that Big Red Plateau is starved of sediment 

while Rice Plateau is being actively sedimented. 

The distribution of sediments across Kirkby Trough is 

very similar to that across Dennistoun Trough. Fine 

diatomaceous sediments are concentrated in the trough, 

while relict and residual glacial marine deposits and 

reworked sands occupy the adjacent plateaus. The fine 

sediments in both Dennistoun and Kirkby troughs contain 

greater concentrations of volcanic material than do the 

sediments of Big Red Plateau or Rennick Plateau (fig. 28). 

This volcaninc material consists of very fine grained sand 

and silt, apparently transported to the troughs in 

suspension. This silt was prevented from settling onto the 

plateaus by strong currents. 

Sandy muds and muddy sands of the inner shelf 

depressions are more terrigenous, and siltier and sandier 

than diatom oozes found in deep glacial troughs. These 

sandy, terrigenous sediments probably formed under higher 

energy conditions; by current reworking of relict glacial 
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marine deposits on adjacent highs of the inner shelf. In 

addition, a high concentration of quartz in sediments of 

the nearshore depressions may indicate a limited meltwater 

influx of quartz-rich sediment or it may be due purely to 

current reworking of relict, quartz-rich glacial-marine 

deposits. 

Only along the inner continental shelf, adjacent to 

eastern Pennell Coast, does glacial sedimentation 

overshadow marine sedimentation . This is reflected in the 

bottom topography (fig. 6) and in the character of the 

sediments. Muddy diamictons which are rich in quartz and 

metamorphic rock fragments are found adjacent to the coast. 

They contain moderately high concentrations (10% to 30%) of 

diatom frustules, and are normally compacted; and are 

therefore believed to be glacial marine deposits, not 

basal tills. The relict diamictons of Big Red Plateau and 

Rennick Plateau ,which lack volcanic material, are also, 

for the same reasons, interpretted as glacial marine 

deposits. 

Recent contributions of ice-rafted debris (IRD) to the 

sediments of the outer continental shelf are minor. These 

sediments typically contain less than 4% IRD. This is 

somewhat unexpected since Anderson and others (pers. com.) 

observed numerous sediment laden icebergs in the area 

during the 1980 Deep Freeze expedition. There are, 

however, other factors which regulate the amount of IRD 
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which accumulates on the seafloor. These include: 

1. ) the rate of sedimentation by marine agents 

2. ) the velocity and path of drifting icebergs 

3. ) the location of the sediment within icebergs 

(supraglacial vs englacial vs basal debris zones) 

4. ) the thermal regime of icebergs and of the 

surface waters 

In fact, most of the debris within the icebergs of this 

area was found to occur within discrete englacial debris 

zones (Anderson, per. comm.). As a result, these icebergs 

may drift west or north of the area before they melt 

sufficiently to dump their debris. 

Though meltwater influx may occur in this area, it 

does not make a significant contribution to the sediments. 

This is indicated by the occurrence- of diatom rich 

sediments within many of the inner shelf depressions and by 

the lack of massive outwash silts adjacent to glaciers of 

the eastern Pennell Coast. Meltwater streams have been 

observed along portions of Adare Peninsula (primarily 

Ridley Beach; Hamilton, 1972) and muddy sands with low 

concentrations of diatoms do occur in northern Robertson 

Bay. 

Numerous warm-based glaciers flow into Robertson Bay, 

while Yule Bay has no glaciers flowing into it. Therefore, 
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samples acquired from these two bays allow us to measure 

relative differences in glacial, meltwater, marine current, 

and biogenic sedimentation in the coastal environment. The 

northern (nearshore) part of Robertson Bay is floored by 

current derived muddy sands, with perhaps minor meltwater 

derived sediment. Elsewhere it is floored by glacially 

derived diamictons. In contrast, Yule Bay lacks either 

glacial or meltwater deposits; rather, diatom oozes are the 

dominant sediment type here. The apparently high influx of 

diatom frustules into this isolated, sediment starved, and 

usually ice-covered bay may result from high primary 

productivity, perhaps caused by coastal upwelling during 

ice-free periods and by lack of dilution with terrigenous 

debris. This upwelling is likely generated by strong 

regional and katabatic winds, which would also blow sea ice 

offshore. 

The lower and middle continental slope of the North 

Victoria Land margin are covered by diatom oozes and silty 

diatom oozes respectively. These sediments contain high 

concentrations of volcanic material, derived from Adare 

Peninsula and the Balleny Seamount Chain (fig.28), and 

therefore must have been transported in a westerly 

direction along the slope by contour currents (deposits are 

contourites). Mid-slope deposits are silt-rich, so current 

energies are higher here than along the lower slope where 

clay-rich sediments occur. The upper continental slope is 
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characterized by a complex association of sediments that 

can only be fully understood by examining sediment cores. 

In summary, the primary control over the distribution 

and character of surface sediments in the area is a strong 

westerly flowing current on the rugged seafloor. Figure 30 

shows estimated bottom current velocities based on the 

textural character of the sediments an experimental flume 

work by Singer (1982). These particular estimates are 

based on flume experiments involving artificial biological 

mixing of sediment, therefore, providing more realistic 

results for the Antarctic margin, where large quantities of 

vagrant organisms dwell (Anderson, pers. com.). . Where 

the currents impinge on the seafloor, the result is a 

surficial sediment which, on the whole, is very sandy, rich 

in volcaniclastics, and exhibits a high degree of textural 

variability. Glacial contributions to modern sediments are 

only significant immediately adjacent to eastern Pennell 

Coast where marine influences are minimal. Meltwater 

contributions are minimal. 



FIGURE 30 . Estimated bottom current velocities 
(cm/sec) based on textural analysis 
of surface sediments and laboratory 
flume experiments conducted by Singer 
(1982). Highest bottom current velocities 
occur adjacent to Adare Peninsula and 
along the eastern shelf break of the 
study area. This is a reflection of 
impinging westerly flowing currents. 
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SECTION Ills CORED SEDIMENTS 

During the 1980 "Deep Freeze" expedition, 39 piston 

cores were collected along the continental margin of North 

Victoria Land (fig. 1). Based on textural, minéralogie, 

paléontologie and chemical analyses: eight distinct 

sedimentologic units were identified. These units are 

similar to those described for the surface sediments of the 

area. They include: 

1) .stratified diamictons 

2) .massive diamictons 

3) .sandy diamictons 

4) .diatom oozes and muds 

5) .massive, terrigenous silts 

6) .moderate to well sorted sands 

7) .muddy sands 

8) .sandy gravels 

The characteristics of these sediment types are summarized 

in table 2, and are described in greater detail in the 

following section. Textural and compostitional data for 

all samples analyzed are in the Appendix. Lithology of 

pebbles and sand grains analyzed reflect a local (Robertson 

Bay Group) source (see the Appendix). 
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Stratified Diamictons- 

Stratified diaraictons are very poorly sorted, 

polymodal, texturally heterogeneous and exhibit gradational 

contacts with underlying units. Most are characterized by 

low concentrations of biogenic material; except those units 

cored adjacent to the eastern Pennell Coast and core #155, 

which contain abundant diatoms and sponge spicules. All of 

the diamictons are characterized by low concentrations of 

volcanic material. 

The distribution of stratified diamictons is shown in 

figure 31. In general, they are found adjacent to the 

glaciated coast, along portions of the upper continental 

slope and within glacial troughs and depressions of the 

continental shelf. Typically, stratified diamictons are 

overlain by recent sediments, including diatom ooze. 

Massive Diamictons- 

Massive diamictons (Flint, ejt al., 1960) are 

polymodal, texturally homogeneous and exhibit sharp basal 

contacts (fig. 32). They are characterized by very low 

concentrations of volcanic material and fossils. Where 

present, fossils are fragmented and less well preserved 

than those found in stratified diamictons. Sand clasts 

occur in some of those units cored. 

The distribution of massive diamictons is shown in 

figure 31. They occur primarilly along the upper 
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FIGURE 31. Core locations and lithologies. Core 
lengths drawn to scale ar 1"«400cm. 
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CORED SEDIMENTS 

(core length 1inchs400ciri) 



FIGURE 32. X-radiograph and grain size distribution 
(gravel/ sand/ silt/ clay) for massive 
diamictons, illustrating their textural 
homogeneity. 
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continental slope. However, they are also present on the 

irregular and rugged floor of Robertson Bay and interbedded 

with siliceous ooze in Yule Bay and Dennistoun Trough. 

Sandy Diamictons- 

Sandy diamictons have been described in detail in the 

surface sediment section. They essentially represent 

diamictons (stratified or massive) which have been depleted 

in fines. Sandy diamictons are referred to as residual 

glacial marine deposits by Anderson, et ah, (1980). 

Their distribution is shown in figure 31. 

Diatom Oozes and Muds- 

Dark to very light olive green diatom oozes and muds 

are poorly sorted and polymodal with generally low 

concentrations or IRD (<7%, fig. 33). Their textural 

properties were described in the preceding section. They 

consist of 50% to 80% opal A (based on microscopy and x-ray 

diffraction) contributed by diatoms and sponge spicules. 

The diatoms exhibit high species diversity (table 3), are 

of recent age (Ciecielski, pers. comm.), and show little 

variability upcore. Diatom oozes and muds cored in the 

study area range in thickness from 20 cm to greater than 

600 cm, and are commonly interbedded with thin graded sand 

units. 

Diatom oozes and muds exhibit a variety of sedimentary 



FIGURE 33. X-radiograph and grain size frequency 
curves for diatom oozes, illustrating 
the textural character of rhythmically 
laminated units. The laminae appear 
to represent fluctuations in the 
concentration of silt-and clay-sized 
particles, which consist predominantly 
of diatom frustules. Note the lack of 
IRD (coarse sand) and variations in 
sorting. 
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CORE # 2 
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Principle Diatom Species Identified 

Nit zschia cur ta (Van Heurck) 

Kitzschis ritscheri (Hustedt) 

NM tzschia subiinests (Van Peurck) 

Nitzschia kerauelcnsis (O'Meara) 

ThalSSSiosira aracilis (Karsten) 

Coscirodiscus lent IQ inQ£U.£. Janisch 

Eucairp is belaustium Castracane 

Corethron criorhilum Castracane 



108 
structures including distinct, thick horizontal laminae 

(fig.33). Textural and compositional analysis of the 

laminae show them to represent minor (2% tp 10%) 

fluctuations in concentrations of sand and coarse silt 

(fig.33); and significant fluctuations in both the 

concentration and assemblage of diatoms (based on 

microscopic exmaination). Apparently, fluctuations in 

total grain-size distribution are due to fluctuations in 

diatom content (i.e.- low silt and sand content correlates 

with high diatom content and assemblage diversity). The 

laminae are therefore believed to have formed by regular 

(perhaps seasonal) fluctuations in diatom productivity. 

These laminae are found most commonly in muds of deep 

glacial troughs. 

Units cored along the continental slope are 

characterized by both sharp, distinct and irregular, 

indistinct laminae (referring to variations in thickness 

within individual laminae) whose coarse fraction consist 

primarily of biogenic material and volcanic sands (fig. 

33). These laminae are much thinner and less distinct than 

those described above (fig.34). Based on textural analysis 

and microscopic observation, it appears that they formed by 

periodic winnowing of fines. This may occur due to 

fluctuations in the strength of the transporting current or 

by periodic fluctuations in the intensity of bioturbation 

(which influences the ability of currents to winnow and 



FIGURE 34. X-radiographs and grain size frequency 
curves of silty diatom oozes of the 
continental slope. Note the irregular 
laminae, presence of IRD, and grain 
size variations, which leads to the 
interpretation that these deposits are 
contourites (ses text, p.ia7). 
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rework sediments). In addition, very regular, horizontal, 

distinct to indistinct laminae and convolute laminae occur 

within units cored along the slope. Zones of bioturbation 

(homogenized, structureless units) are also present. 

The distribution of diatom oozes and muds is shown in 

figure 31. They are located within the large glacial 

troughs, Yule Bay and along the middle and lower 

continental slope. 

Massive Silts- 

Massive silts were cored at sites #22 and #23, on the 

upper continental slope (fig. 31). They are 

characteristically unfossiliferous and exhibit sparse and 

indistinct laminae . In addition, they contain angular 

coarse silt and sand grains indicative of glacial 

transport. They are calcareous (inorganic, detrital 

sources) and are essentially devoid of volcanic material or 

IRD. Since no local carbonate sources exist, it is 

believed that the detrital carbonate grains in the sediment 

were transported from a distant source by Rennick Glacier 

(see section I). 

Moderate to Well Sorted Sands- 

Two types of well sorted sands were cored in this 

area: thin bedded , graded sand units and variably thick 

bodies of ungraded, largely volcanic sands. The graded 
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sand units were cored principally along the middle and 

lower continental slope where they are interbedded with 

thick diatom ooze and mud units (fig. 31). They were also 

cored on the rugged floor of Robertson Bay where they are 

interbedded with stratified diamictons. Graded sand bodies 

are characterized by sharp, erosive basal contacts, and 

commonly by bioturbated tops (fig. 35). This, in 

conjunction with the presence of fragmented shallow water 

fossils, leads to the conclusion that they are turbidites 

(Grover and Howard, 1938; Natland ad Kuenen, 1951; Kuenen 

and Menard, 1952; Bouma, 1962). 

Ungraded, structureless, well sorted, volcaniclastic 

sands were cored adjacent to Adare Peninsula and along Rice 

Plateau (fig.31). Their textural properties were described 

in the preceeding section. Gravel is found in only a few 

of these cores, including #171 and #172, in which it shows 

an interesting exponential decrease in concentration upcore 

(fig. 36). 

Muddy Sands- 

Muddy sands in the area are positively skewed; consist 

of well sorted, very fine grained sand (3 ^ to 4<j> ) and 

contain variable amounts of siliceous material (diatom 

frustules and sponge spicules). These units range in 

thickness from a few centimeters to greater than 400 

centimeters and exhibit little variation in textural 



FIGURE 35. X-radiograph and grain size frequency 
curve of a sandy turbidite. Note 
bimodal grain size distribution of upper 
portion due probably to biological 
mixing. Note also subtle normal grading. 
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character upcore. In addition, they exhibit a variety of 

structures including burrows, several types of laminae, and 

zones of bioturbation. Muddy sands were found along the 

middle and lower continental slope, within Dennistoun 

Trough, and at the mouth of Robertson Bay (fig.31). 

Sandy Gravel- 

Sandy gravel was acquired in four cores and several 

bottom grabs in this area (fig. 31). Two of these cores 

(#161 and #23, fig. 31) consist largely of macrofossil 

fragments (including sponge spicules, barnacle plates, worm 

tubes, gastropods, ostracods and planktonic and benthic 

foraminifera). The other two samples, which contain few 

fossils, were found underlying well sorted volcaniclastic 

sands adjacent to Adare Peninsula (fig.36). Surprisingly, 

a significant proportion of the gravel in these two cores 

consist of metamorphic rock fragments rather than volcanic 

glass. 



FIGURE 36. Gravel, sand, silt and clay distribution 
upcore for cores #171 and #172. Note 
the rapid decrease in gravel concentration 
upcore. 
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CORED SEDIMENTS: INTERPRETATION 

In general, sediments found along the Antarctic 

continental margin reflect the influence of glacial, marine 

and gravity related processes. This section deals with how 

these processes interact in the study area, based on the 

descriptions of the cored sediments in the preceeding 

section. 

GLACIAL PROCESSES 

Four main types of sediment were interpreted as 

glacial marine deposits: stratified diamictons, poorly 

stratified diamictons, sandy diamictons and normal marine 

sediments conataining low concentrations of IRD. 

Stratified Diamictons 

The coarse sand and gravel size fraction of stratified 

diamictons is believed to be of glacial (iceberg or ice 

shelf ice-rafted as opposed to sea ice-rafted) origin since 

many of the grains exhibit facets and striations, and since 

no other plausible mechanism for their transport exist. On 

the other hand, their fine sand-, silt- and clay-sized 

fractions are probably current derived, since this finer 

component contains significant quantities of biogenic 
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material and is moderately sorted. Such stratified 

mixtures of marine and glacial sediment have been described 

elsewhere along the Antarctic continental margin (Anderson, 

et al., 1980b and Domack, 1980) and have been referred 

to as compound glacial marine deposits. 

Sandy Diamictons 

Sandy diamictons commonly occur as a thin veneer 

overlying compound glacial marine deposits (fig.37) and are 

found along the outer continental shelf where currents are 

believed to be strong (refer to section II). For these 

reasons, sandy diamictons are believed to have formed by 

either post-depositional or syndepositional winnowing of 

compound glacial marine deposits, which may have been 

enhanced by decreased glacial sedimentation. The ability 

of currents to winnow sediment at the seafloor may be 

significantly enhanced by biological mixing at the 

sediment-water interface (Rhoads, 1970; Singer, 

1982).Similar sediments have been described elsewhere along 

the Antarctic continental margin and are referred to as 

residual glacial marine deposits (Anderson, £t al., 

1980b; Domack, 1980). 

Marine Sediments Containing IRD 

Compound glacial marine sediments pass abruptly 

seaward into marine sediments (of the same age) which 



FIGURE 37. Gravel, sand, silt and clay content 
downcore, illustrating compound glacial 
marine deposit which grades upwards into 
sandy diamicton. This change is attributed 
to a gradual increase in current energy, 
and/or decrease in rates of glacial 
sedimentation. 
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contain low concentrations of IRD (<5-10%). A similar 

sharp facies transition between glacially dominated and 

marine dominated sediments (of the same age) also occurs 

within the relict (Wisconsin) sediments of the area (refer 

to glacial history section) and elsewhere along the 

continental margin of Antarctica (Anderson, £t al., 

1980b ; Domack, 1980). It is uncertain as to why such a 

sharp transition occurs but there are several 

possibilities: 

(1) rapid dumping of sediment from the basal debris zone of 

a floating ice shelf or ice tongue would concentrate 

debris below the ice shelf or ice tongue leaving 

little sediment in the ice beyond the calving line, 

(2) Seaward of the calving line, IRD is masked by 

significantly higher marine sedimentation rates, 

(3) prevailing drift paths of icebergs are parallel 

to shore, resulting in concentation of IRD 

on the continental shelf. 

Explanation #1 is substantiated, in part, by the 

shapes of pebbles extracted from cores, which are similar 

to the shapes of pebbles collected from basal debris zones 

of glaciers around the world (Boulton,1978; fig.38). It is 

therefore safe to conclude that debris was transported 

primarily within basal debris zones of glaciers in the 



FIGURE 38. a). Plot of sphericity vs foundness for 
223 pebbles taken from diamicton units 
of the North Victoria Land continental 
shelf. Note location of volcanic clasts 
on plot indicates supraglacial transport 
for this material. 

b). Plot of shpericity vs roundness for 
numerous pebbles collected from different 
zones of glacial transport (Boulton,1978). 
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area. In addition, ice charts appear to indicate that 

icebergs do, at least in part, drift parallel to shore. 

Based on analysis of pebble shapes (fig.38) and 

iceberg observations by Anderson and others during the 1980 

"Deep Freeze" expedition, it appears that supraglacial 

transport of debris is not an important process in this 

area, except for volcanic material. Volcanic material is 

probably rafted by sea ice as a result of rock falls and 

avalanches (onto the sea ice) from steep, unstable and 

unglaciated cliffs of Adare Peninsula. Otherwise, our own 

observations indicate that supraglacial transport is 

virtually non-existant anywhere in Antarctica except in the 

northern peninsula region. 

Poorly Stratified Diamictons 

Core #173 exhibits poorly defined stratification and 

low concentrations of biogenic material indicating that 

marine influence was minimal. However, since the deposit 

is not overcompacted, it is not believed to be a basal 

till. Core 173 was taken on a relatively level surface (<1* 

gradient), and it exhibits some stratification; therefore, 

it is not believed to be a debris flow deposit. Similar 

deposits taken elsewhere along the Antarctic continental 

margin have been described by Anderson, et al. (1980b) 

and are believed to have been deposited close to the 

glacial grounding line. They are referred to as 
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"transitional" glacial marine deposits (Anderson, et 

al., 1980b). 

MARINE PROCESSES 

Continental Slope Deposits 

The sediments found along the middle and lower 

continental slope off North Victoria Land (fig. 34) are 

similar in character to sediments found along other 

continental slopes; and consequently, are believed to have 

formed by related mechanisms. Sedimentary processes of 

continental slopes and rises have been studied by Kuenen 

(1958); Stommel (1959); Hubert (1964); Moore (1969); Rupke 

and Stanley (1974); Shepard, e_t al. (1977); Stow and 

Bowen (1978) ; Stow and Lovell (1979). Their results are 

used as the basis for interpretation of continental slope 

sediments in this study. 

Contourites 

High concentrations of volcanic sand and silt derived 

from Adare Peninsula and adjacent seamounts of the Balleny 

Fracture Zone are found in sediments of the middle and 

lower continetal slope; consequently, these sediments must 

have been deposited primarily by westerly flowing, contour 

currents (see section II). This situation provides a 
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unique opportunity to examine the controversial set of 

criteria used for recognition of contourites established by 

Stow and Lovell (1979). According to them, the diagnostic 

features of contourites are as follows: 

(1) intensely bioturbated units due to slow sedimentation, 

rates, 

(2) frequently high sand content (0-15%) relative to 

low density turbidites, 

(3) irregular lenses or laminae comprised 

primarily of biogenic material, 

(4) poorly defined bedding, 

(5) an overall composition which should be distinctly 

different from that of interbedded low density 

turbidites (due to different sources), 

6.) a microfabric indicating transport parallel to the 

slope (elongate sand grains normal to contours). 

Detailed textural analysis of contourites within the study 

area indicate the following: 

(1) contourites are characterized by regular and 

irregular laminae, and lenses which represent 

zones where the finest grain-size fraction 

has been removed (fig. 34) during either 
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brief periods of increased current velocity 

or bioturbation, 

(2) there are few intensely bioturbated zones, 

contrary to Stow and Lovells criteria, 

(3) concentrations of sand are commonly low 

(0% to 3%) and comparable to those of 

units that are interpreted as low density 

turbidites found here and along other 

portions of the Antarctic continental slope 

(Piper, 1973), however, in contrast to 

low density turbidites, contourites in the 

area may occasionally contain higher 

concentrations (5% to 10%) of sand derived 

from ice-raftng (fig. 34), 

(4) there is no noticeable difference in 

minéralogie composition between contourites 

and those units interpretted as low 

density turbidites, contrary to Stow 

and Lovell’s criteria. 

From this analysis, it appears that the most diagnostic 

feature of contourites is their irregular lenses and 

laminae and the possible presence of IRD. Microfabric 

analysis was not done in this study. 
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Hemipelagic Sediments (Heraipelagites) 

Hemipelagites are defined as a mixture of terrigenous 

and pelagic silts and clays deposited out of suspension, 

usually from surface waters (Reading, 1980). Deposition is 

primarily by flocculation (Piper, 1973), vertical density 

currents (Bradley, 1965) and fecal pelletization (Stanley 

and Swift, 1976; Reading, 1980). In fact, preliminary 

sediment trap studies indicate that fecal pellets of 

euphausid (krill), which feed on diatoms, are of particular 

importance in the deposition of diatom frustules. However, 

since hemipelagites may contain significant amounts of 

volcanic material, due to strong westerly flowing surface 

currents, distinguishing them from muddy contourites is 

virtually impossible. As a result, the relative 

contribution of direct hemipelagic settling to the 

sediments of the continental slope is uncertain. 

Sediments of Continental Shelf Depressions 

Deep glacial troughs (Dennistoun and Kirkby Troughs) 

of the coninental shelf are basins where largely biogenic 

sediments are rapidly accumulating (refer to section II). 

These biogenic sediments are characterized by rhythmic 

laminae (fig. 33) which may represent marine varves formed 

by seasonal fluctuations in productivity. These 

fluctuations are probably regulated by changes in sea ice 
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cover and sun elevation which controls the amount of sun 

light received by surface waters. The fluctuations are also 

related to wind driven circulation that might enhance 

primary productivity. A lack of bioturbation in these 

sediments may be due to a lack of benthic organisms, which 

may in turn be due to possible anoxic bottom conditions. 

Anoxic conditions could result from ponding and stagnation 

of dense brines formed during seasonal freezing of sea ice. 

In contrast* the sandier, diatomaceous sediments of 

shallower inner shelf depressions show evidence of intense 

bioturbation. Apparently, anoxic conditions do not occur 

in these inner shelf depressions. 

GRAVITY RELATED PROCESSES 

The North Victoria Land continental shelf is extremely 

rugged and exhibits considerable relief (see section I). 

This is typical of most of Antarctica's continental margin. 

As a result, mass flow processes are believed to play a 

significant role in sedimentation on the continental shelf 

as well as the continental slope. 

Debris Flows 

Debris flow deposits are typically poorly sorted, 

internally structureless and texturally homogenous (Bell, 
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1942; Natland and Kuenen, 1951; Crowell, 1957; Kurtz and 

Anderson,1979; Reading, 1980). In addition, they may range 

in composition from muds to diamictons, depending on their 

source. Massive diamictons, interpretted as debris flow 

deposits of originally glacial or glacial marine sediments, 

have been described along many portions of the Antarctic 

continental margin by Kurtz and Anderson (1979); Domack 

(1980) and Wright (1980). These deposits are normally 

compacted, contain displaced microfossils and exhibit sharp 

basal contacts. Otherwise, they are very similar to basal 

tills. Massive diamictons cored along the upper 

continental slope of the study area are normally compacted, 

contain displaced fossils (including barnacle plates) and, 

when completely penetrated, exhibit sharp basal contacts. 

Therefore, they are interpretted as debris flow deposits. 

These flows probably resulted from oversteepening of 

glacial marine sediments on the slope, due either to 

continued sedimentation on the steep slope or to 

undercutting by strong contour currents. Their association 

with coarse lag deposits and outcrops of relict sediments 

(fig.31) indicates that the latter explanation is most 

plausible. 

Units of homogenized and internally structureless mud 

are found along the continental slope and within deep 

glacial troughs. These sediments represent either debris 

flow deposits or muds which have been intensely 
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bioturbated. Distinction between these origins is 

virtually impossible. 

Turbidites 

Thin and well sorted sand units cored along portions 

of the continental slope and shelf exhibit normal grading, 

bioturbated tops, displaced shallow water fossils and sharp 

basal contacts. Similar sand deposits have been described 

elsewhere along the continental margin of Antarctica 

(Wright, 1980) and have been interpretted as high density 

turbidites. Low density turbidites have also been 

identified along portions of the continental slope of East 

Antarctica (Piper, 1973). Studies of low density 

turbidites (Moore, 1969; Scholle, 1971; Piper, 1973; Rupke 

and Stanley, 1974; Rupke, 1978), indicate that they are 

characterized by distinct, horizontal laminae, a paucity of 

sand size particles and subtle grading. Sediments 

exhibiting these characteristics (fig. 39) are found along 

the continental slope and within the deep glacial troughs 

of the study area. However, since contourites and 

hemipelagites may also exhibit these textural 

characteristics, positive identification is very difficult 

and often impossible. 



FIGURE 39. X-radiograph and grain size frequency 
curves of a suspected low density 
turbidite. Note horizontal laminae 
and subtle grading. 
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GLACIAL HISTORY 

Exact stratigraphie relations are difficult to discern 

because of the paucity of reliable age determinations and 

because the sedimentary record is very fragmented in this 

area. However, based on limited observations of diatom 

flora, observed stratigraphic relations and land based 

geologic studies, several conclusions about the glacial 

history of the region can be drawn. 

Studies of the McMurdo Volcanics of Adare Peninsula by 

Hamilton (1972) clearly show that an extensive grounded ice 

sheet, part of the East Antarctic Ice Sheet, existed in 

this area during the late Miocene. In addition, land based 

studies by Duphorn (1981) indicated that a second glacial 

advance of equivalent magnitude occurred during the early 

Pliocene. Deep glacial troughs in the area (fig.5) 

indicate that outlet glaciers or ice streams, presumably 

from the East Antarctic Ice Sheet, grounded to the shelf 

edge during at least one glacial advance. However, the 

exact age(s) of this (these) grounding event(s) is 

uncertain. The very extensive nature of these early 

glacial advances implies one of two things; either these 

early glacial advances were more severe than more recent 

ones, or the Transantarctic Mountains were not as high 

during the Pliocene and Miocene, thus making it easier for 

the East Antarctic Ice Sheet to advance into this area. 
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The answer to this problem is provided by oxygen 

isotope analyses on foraminifera from numerous DSDP cores 

taken from subantarctic regions (Shackleton and Kennett, 

1973). Based on these analyses, it was concluded that the 

East Antarctic Ice Sheet, which formed during the middle 

Miocene, was substantialy larger (by about 50%) during the 

latest Miocene than it is today (Shackleton and Kennett, 

1973a,b). This conclusion is supported by sea level curves 

of Vail (1977) which show a major drop in sea level during 

the late Miocene. Therefore, it appears probable that the 

more extensive nature of early glacial advances onto the 

continental shelf of North Victoria Land during the late 

Miocene and early Pliocene was primarily due to the much 

greater size of the East Antarctic Ice Sheet at that time. 

The oldest sediments cored within the area are early 

Pliocene (Ciecielski, pers. com.) muds found along the 

upper continental slope. These fine silty clays are 

totally devoid of IRD, relatively abiogenic (sparse diatoms 

were found) and exhibit a reddish brown color indicative of 

oxidation (weathering). Similar Pliocene muds have also 

been cored in the Ross Sea (Anderson, per. com.) and are 

believed to represent a warm interglacial period 

characterized by significant meltwater production. In 

addition, the occurrence of volcanic material within the 

deposits of the North Victoria Land area indicates that the 

Adare Peninsula volcanic pile was present at this time and 
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was being actively eroded by strong westerly flowing 

currents 

Massive and laminated terrigenous silts of Pleistocene 

age (based on diatoms) are also exposed along the upper 

continental slope. These sediments are strikingly similar 

to recent meltwater deposits described in the Gulf of 

Alaska (Piper,1973), and within the fiords of the Antarctic 

Peninsula (pers. obs.). They apparently represent a warm 

interglacial period when a significant amount of meltwater 

was produced. 

Underlying a thin veneer of modern sediments are 

relict glacial marine sediments believed to have been 

deposited during the most recent glacial advance. The age 

of this advance is controversial (due to lack of data), 

though Denton and Hughes (1981) believe it occurred during 

the Late Wisconsin. Regardless of age, these sediments 

clearly reflect a period when glacial processes dominated 

sedimentation on the continental shelf. 

In general, the late Wisconsin glacial advance was 

apparently very extensive and characterized by significant 

grounding of glacial ice across the continental shelf. 

This is evidenced by the occurrence of extensive basal 

tills on portions of the East Antarctic continental shelf 

(Domack, 1980) and on the Ross Sea and Weddell Sea 

continental shelves (Anderson, £t al., 1982 and Meyers, 

1982). However, the apparent absence of basal tills on the 
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continental shelf of North Victoria Land indicates that no 

extensive grounded ice sheet existed in this area at this 

time. This is substantiated by land based studies 

(Duphorn, 1981) and indicates that the East Antarctic Ice 

Sheet did not flow over the Transantarctic Mountains and 

into this area during the most recent glacial advance. 

This conclusion is further supported by pebble lithologies 

(see Appendix) which indicate a local source (Robertson Bay 

Group) for the relict glacial marine sediments of the area. 

Instead, it is believed that the most recent glacial 

advance in the area was marked only by advanced valley 

glaciers, which may have coallesced to form a floating ice 

shelf. During this time, glacial marine sediments were 

deposited over much of the shelf. 

The reason for this difference in glacial extent over 

different parts of the East Antarctic continental shelf 

during the Wisconsin glacial advance is, undoubtably, 

related to differences in glacial regime of those areas. 

The small valley glaciers of North Victoria Land have very 

small drainage basins (fig.9); and consequently, would have 

to experience a very dramatic volume increase in order to 

attain the size necessary to ground on the continental 

shelf. In contrast,other areas of coastal Antarctica are 

characterized by much larger valley glaciers, enormous 

outlet glaciers, ice streams, and vast ice shelves whose 

drainage basins are tens or even hundreds of square 
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kilometers in area. Consequently, only a small percent 

increase in the volume of the ice sheet would be necessary 

to cause these features to ground on the continental shelf. 

Within Wisconsin age (determined by Ciecielski, 

pers.com.) sediments of the middle and lower continental 

slope, there are no textural or compositional trends 

(fig.40a) which may imply a major glacial advance. 

Therefore, it appears that the most recent glacial advance 

was not recorded within the sediments of the continental 

slope. High concentrations of volcanicastics throughout 

these sediments, along with the presence of fine grained 

volcanic sands and silts within the relict glacial marine 

deposits of the continental shelf, indicate that a strong 

westerly flowing current existed during the glacial 

advance, as it did in the Miocene and as it does today. 

Relict glacial marine sediments of the continental 

shelf are sharply overlain by more recent marine sediments, 

which contain low concentrations of IRD. This sharp 

stratiqraphic boundary indicates that glacial retreat 

occured very rapidly and that the boundary is not time 

transgressive. Studies in the Ross Sea by Meyers (1982) 

and along the George V- Adelie Coast by Domack (1980) 

indicate that very rapid glacial retreat also occured in 

these areas after the "Wisconsin" advance. 

Modern sediments of the continental shelf and slope 

are dominated by marine processes, despite the fact that 



FIGURE 40. a). Upcore variations in gravel# sand# 
silt and clay content; sorting and 
composition for 3 representative cores 
from the continental slope. 

b). Upcore variations in gravel# sand# 
silt and clay content; sorting and 
composition for 3 representative cores 
from the continental shelf. 
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the present glacial regime is one where glaciers calve 

directly into the sea. There is very poor inter-core 

correlations of textural or compositional trends in recent 

sediments (fig. 40b). In general, however, there appears 

to be little textural or compositional variation upcore in 

most cores (fig.40b). This indicates that environmental 

conditions remained largely unchanged since the "Wisconsin" 

glacial advance. 
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SEDIMENTATION IN COLD VALLEY GLACIAL MARINE 

ENVIRONMENTS VS OTHER GLACIAL MARINE SETTINGS 

Glacial marine settings in different areas may be 

characterized by vastly different environmental conditions 

(glacial, climatic, and marine conditions). Consequently, 

it is not surprising to find that sedimentation differs 

significantly between these areas. This section is devoted 

to a comparison between sedimentation in the cold valley 

glacial marine environment of North Victoria Land and 

marginal marine environments associated with (1) the 

massive East Antarctic Ice Sheet, (2) the vast floating ice 

shelves of Ross and Weddell Seas, and (3) warmer valley 

glaciers of more temperate Arctic regions. The purpose of 

this comaprison is to delineate those unique characterics 

of sediments deposited in cold valley glacial marine 

environments in order that sediments deposited under 

similar conditions may be recognized in ancient sediments. 

East Antarctica is covered by an enormous, largely 

dry-based ice sheet, which is drained primarily by large 

outlet glaciers. Sedimentation along the continental 

margin is dominated by these outlet glaciers (Eisma, 1973; 

Anderson, e_t al., 1980b; Domack, 1980;). The sediments 

here, in contrast to those of the North Victoria Land 

continental margin, consist primarily of relict 
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("Wisconsin") basal tills. These grade seaward into 

stratified pebbly muds which represent relict ("Wisconsin") 

glacial marine deposits (Domack, 1980; Anderson, et 

al., 1980b). These relict sediments are covered by a 

thin veneer of modern sediments, which are very similar in 

character and origin to those of the North Victoria Land 

continental shelf. They include residual sands and gravels 

and traction sands along shallow portions of the shelf, and 

siliceous muds and oozes within deep glacial troughs and 

tectonic depressions (Domack, 1980; Anderson, et al., 

1980b) . 

The Ross Sea and Weddell Sea are large embayments 

dominated by vast floating ice shelves. Beneath the 

extensive grounded portions of the warm and melting base of 

the Ross Sea Ice Shelf, thick units of basal till are 

assumed to be deposited (Carey and Ahmad, 1961). Adjacent 

to the grounding line, outwash sands and silts should occur 

(Carey and Ahmad, 1961) as they do adjacent to the melting 

Filchner and Brunt ice shelves of Weddell Sea (Anderson, 

1972). Sediments seaward of the grounding line of the Ross 

Ice Shelf are comprised primarily of relict basal tills 

overlain by a thin veneer of largely relict glacial marine 

sediments (Kellogg et al., 1979; Meyers, 1982); ice 

rafting is presently insignificant. Along shallow banks of 

the outer continetal shelf, these relict deposits are being 

winnowed by impinging currents, leaving a surface veneer of 
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residual sand and gravel and traction sand (Chriss and 

Frakes, 1972; Anderson, e£ al,, 1979) similar to those 

sediments sampled along the continental margin of North 

Victoria Land. However, the inner portions of these 

embayments are floored by terrigenous, pebbly muds (Stetson 

and Upson, 1937) which reflect quiescent bottom conditions. 

In addition, sediments within the Ross Sea and Weddell Sea 

typically exhibit regionally extensive facies relative to 

those exposed on the rugged continental margin of North 

Victoria Land. 

Sedimentologic investigations have been conducted in a 

number of Arctic glacial marine environments (Bader, 1958; 

Scholl and Sainsbury, 1960; McManus and Creager, 1965; 

Scholl, et al,, 1968; Piper, 1973; Nelson, et al., 

1974; Naidu, 1974; Carlson, et al., 1980). An 

examination of the literature stemming from these 

investigations shows that important differences exist 

between these Arctic environments and those of the 

Antarctic. These include the following: 

(1) because of the warmer Arctic climate, glacial meltwater 

production, and consequently terrigenous sediment influx by 

this mechanism, is very high, 

(2) due to the oceanographic setting of many Arctic Seas 

(lack of upwelling and extensive sea ice cover), 
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productivity is generally low (i.e. Beaufort Sea, Bering 

Sea, East Siberian Sea and Chukchi Sea; Scholl and 

Sainsbury, 1960; Nelson, 1974; Naidu, 1974), 

(3) in contrast to Antarctica, valley glaciers of more 

temperate Arctic regions are commonly covered by debris. 

There are two reasons for this contrast: 1) warm based, 

temperate valley glaciers are more erosive and 2) 

supraglacial debris is derived primarily by physical 

weathering of exposed rock by freeze-thaw and hydration 

processes. These processes are only effective where 

significant seasonal melting occurs, 

(4) in the Arctic regions few glaciers empty directly into 

the sea. Therefore, even though warm based glaciers are 

more erosive than polar glaciers, glacial debris is 

relatively rare in modern glacial marine sediments of the 

Arctic regions, 

(5) the Arctic continental shelf is very shallow (30 m to 

60 m on the average) due to isostatic rebound and the 

tectonic setting; and thus susceptible to reworking by 

waves and wind driven currents, 

(6) much of the continental shelves in the Arctic region 

are wave-cut platforms and consequently are largely flat 
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and featureless. Also, much of the glacial relief has been 

buried beneath a relatively flat, Holocene sedimentary 

blanket. 

As a result of these climatic, physiographic and glacial 

differences, marginal marine sediments differ significantly 

between the two regions. 

Continental margins of the Arctic region are 

chatacterized by extensive and thick deposits of silts and 

sands, which were introduced by meltwater streams. These 

sediments are redistributed by storm waves and wind driven 

currents. The resulting sediments show a progression from 

nearshore sands and gravels (largely of basement outcrop 

origin) to offshore silts (Bader, 1958; McManus and 

Creager, 1965; Nelson, 1974; Naidu, 1974; Carlson, et 

al., 1980). 

Mixed with these sediments are moderate amounts of sea 

ice rafted silts and sands. Sea ice rafting (as opposed to 

glacial ice-rafting) is a very important process in th 

Arctic, in contrast to the Antarctic, and may occur in 

several ways: 

(1) basal freezing of sediments onto grounded sea ice, 

(2) landslides onto sea ice, 
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(3) ice rafting of sediment laden river water, which 

flows onto sea ice during spring thaw, 

(4) freezing of sediment laden sea water, 

(5) seaward drift of sediment laden river ice, or 

(6) sediment blown onto sea ice (Naidu, 1974? Nelson, et 

al., 1974). 

Outcrops of basement and relict glacial marine 

deposits (diamictons) are found along sediment starved 

portions of the Arctic continental shelves. In addition, 

since most of the continetal shelves in Arctic regions do 

not have the same degree of topographic irregularity as the 

Antarctic margin, mass flow processes are generally not as 

active on continental shelves in Arctic regions as on 

Antarctic shelves; however, in areas, such as the Gulf of 

Alaska, where bottom topography is rugged and meltwater 

influx is generally high, silt turbidites occur in 

abundance (Piper, 1973). 
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CONCLUSION 

1. ) The continental shelf of North Victoria Land is divided 

into two parts: a deep rugged inner shelf and a shallower, 

smooth outer shelf. The sharp boundary between the two 

provinces may represent a fault zone. With exception of 

glacial troughs, the continental shelf is relatively flat, 

which might indicate that it was subjected to extensive 

wave erosion at one time. In addition, the shallow depth 

of the shelf may reflect recent uplift. 

2. a.) Most modern sediments of the North Victoria Land 

continental shelf contain surprisingly little IRD (0%-10%), 

despite the fact that glaciers empty directly into the sea 

here. However, sediments which consist predominantly of 

glacial debris are found immediately adjacent to the 

glaciated coast. Because of the cold, polar climate, 

neither supraglacial transport of debris nor meltwater 

influx are important processes here. 

b.) The nature and distribution of most modern sediments of 

thé North Victoria Land continental shelf (Fig. 41) reflect 

high productivity (known to exist in Antarctic seas) and 

the interaction of strong marine currents with the rugged 

bathymetry of the area. Strong impinging currents actively 

erode Adare Peninsula and associated seamounts. Eroded 



FIGURE 41. a). Ideal sediment profile across the 
North Victoria Land continental shelf 
extending from east Pennell Coast 
out across Rice Plateau and down the 
continental slope. 

b). Ideal sediment profile parallel 
to shore and extending from Rice Plateau 
across Dennistoun Trough, Mobile 
Canyon and Big Red Plateau. 
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volcanic sands are transported by traction along the 

Peninsula and across the adjacent plateau. In addition, 

diatoms, which probably settle primarily via fecal pellets 

of krill and copepods, and fine terrigenous sediments are 

swept off of the plateaus and into deep glacial troughs 

resulting in thick deposits of diatom ooze and mud. 

Plateaus down current of deep glacial troughs are sediment 

starved; they are covered by relict glacial marine deposits 

which have been winnowed by marine currents. Contour 

currents erode the upper continental slope (where currents 

are strongest) and deposit thick diatomaceous silts, muds 

and oozes along the middle and lower continental slope. 

Hemipelagic sedimetation may also be important on the 

mid-lower slope. 

c.) Mass flow processes are important along the continental 

shelf as well as the continental slope. The important role 

of these sedimentary mechanisms is attributed to the rugged 

topography of the margin, and over-steepening due either to 

rapid erosion or undercutting by marine cuurents. 

3.) At least two major glacial advances occurred in North 

Victoria Land during the late Miocene (Hamilton, 1972) and 

early Pliocene (Duphorn, 1981). Both episodes involved an 

advance of the East Antarctic Ice Sheet, which was much 

larger during the Miocene and Pliocene than today, over the 
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Transantarctic Mountains and onto the continental shelf. 

In addition, at least one period of warming and significant 

meltwater production occured during the eary Pliocene. The 

most recent ("Wisconsin") glacial advance in Antarctica was 

recorded on the North Victoria Land continental shelf by 

extensive glacial marine deposition. However, basal tills 

were not cored in the area, so there is no evidence that 

ice grounded on the continental shelf at this time. 
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Textural data 

depth 
G:S:St;C 
MGS 
ST. DEV. 
SK 
K 
K/ST. DEV 
VOL/QTZ 

TABLE 1 

for most samples analyzed for this study. 

core depth in cm. 
% gravel, sand, silt and clay 
mean grain size 
standard deviation 
skewness 
kurtosis 
kurtosis/standard deviation 
concentration of volcanic glass divided 
by the concentration of quartz within the 
sand fraction of the sample 
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TABLE 1 

CORE-DEPTH G: S:ST:C MGS ST.DEV SK K K/ST.DEV. VOL/QTZ 

1-GRAB Is' 75:19: 5 3.8 1.4 .57 1.40 1.01 2.8 
2-20 0: 8:23:69 7.2 1.8 -.01 0.75 0.40 2.0 
2-30 0: 7:19:74 8.4 1.9 -.13 0.82 0.43 2.0 
2-40 0: 6:22:72 8.9 3.2 -.97 0.14 0.45 3.2 
2-80 .0: 4:16:80 7.3 1.5 .04 0.73 0.50 2.4 
2-120 0: 3: 8:89 7.6 1.4 .04 0.73 0.52 2.4 
2-130 0: 4:13:83 7.3 1.5 .10 0.87 0.57 2.4 
2-140 0: 6: 8:86 7.4 2.3 -.08 0.95 0.41 1.6 
2-160 0: 3:11:87 7.6 2.0 -.08 0.88 0.45 1.6 
2-165 0: 2:12:86 7.7 1.5 .17 0.91 0.63 2.8 
2-170 0: 4:19:78 7.4 1.6 -.14 0.78 0.50 2.4 
2-172 0: 3:18:78 7.5 1.6 -.02 0.78 0.50 2.6 
2-177 0: 6:22:72 7.3 1.8 .01 0.85 0.47 1.0 
2-180 0: 1:37:62 7.1 1.7 .08 0.70 0.41 2.2 
2-185 0: 3:18:79 7.6 1.6 -.13 0.77 0.49 2.2 
2-190 0: 3:14:83 7.5 2.0 -.08 0.83 0.42 2.0 
2-193 0: 3:19:78 7.4 1.6 -.06 0.79 0.50 2.2 
2-198 0: 5:20:75 7.4 1.8 -.03 0.86 0.48 2.2 
2-270 Os 8:20:73 8.1 1.6 -.17 0.78 0.48 2.2 
2-310 0: 6:12:82 7.7 1.8 -.26 0.99 0.54 3.0 
2-320 0: 7:10:83 8.3 1.6 .01 0.79 0.51 3.0 
2-322 0: 2: 4:94 8.1 1.3 -.04 0.73 0.56 1.7 
2-330 0: 8:19:72 6.8 2.5 -.12 1.39 0.55 1.7 
2-340 0: 5:14:81 7.9 1.8 -.41 1.04 0.57 1.3 
2-360 0: 10:20:70 7.2 2.0 -.05 0.81 0.41 1.1 
2-370 0: 8:22:70 6.8 2.8 -.25 1.36 0.49 1.6 
2-380 0: 5:21:74 7.2 2.2 -.17 0.69 0.31 0.1 
2-390 4: 30:18:47 5.7 2.9 -.16 0.73 0.40 0.1 
3-GRAB 24: 39:21:15 4.7 2.2 .32 1.52 0.68 1.4 
4-GRAB 0: 49:29:22 4.8 2.1 .37 1.35 0.63 1.3 
5-GRAB 2: 62:16:19 4.5 2.0 .60 1.14 0.58 1.8 
6-GRAB 0: 37:26:37 5.6 2.1 .30 0.75 0.35 1.8 
7-GRAB 2: 65:16:18 3.9 2.3 .27 1.3K 0.56 0.3 
8-GRAB 1: 39:31:30 5.2 2.1 .28 0.91 0.44 0.8 
9-GRAB 5: 37:23:35 5.3 2.5 .13 0.86 0.34 0.7 
13-GRAB 17: 42:19:22 4.3 2.9 .10 0.85 0.30 0.0 
14-10 0: 5:21:74 7.3 2.2 -.16 0.81 0.36 0.6 
14-20 0: 4:25:70 6.9 2.3 -.01 0.81 0.36 0.6 
14-60 0: 3:19:79 7.3 1.5 .01 0.85 0.56 0.6 
14-100 0: 3:19:78 7.6 1.5 .01 0.92 0.62 0.5 
14-130 0: 5:23:73 7.2 1.6 -.02 0.84 0.52 0.5 
14-140 0: 4:23:73 7.3 1.6 -.02 0.89 0.60 0.5 
14-150 0: 1:16:83 7.7 1.7 -.15 0.91 0.53 0.5 
14-160 0: 6:24:71 7.0 1.8 .04 0.90 0.51 0.6 
14-240 0: 6:25:70 7.0 1.8 .02 0.86 0.50 0.5 
14-250 0: 6:19:75 7.2 1.8 -.03 0.93 0.53 0.5 
14-260 0: 3:18:79 7.2 2.1 .04 0.91 0.44 0.5 
14-270 0: 8:23:70 6.8 2.0 -.07 0.92 0.46 0.5 



168 

Table 1 (cont.) 
CORE-DEPTH G: SîST:C MGS ST.DEV SK K K/ST.DEV. VOL/QTZ 

14-290 0î 9:21:70 6.7 2.1 .03 0.91 0.44 0.5 
14-300 0: 3:17:80 7.5 1.5 -.07 0.86 0.57 0.6 
14-310 0: 4:19:78 7.4 1.6 -.23 0.86 0.53 0.4 
14-450 0: 2:25:73 7.1 1.5 .13 0.82 0.53 0.6 
14-530 0: 5:22:73 7.2 1.9 .04 0.81 0.43 0.9 
14-540 0: 5:22:73 7.2 1.7 .03 0.81 0.47 0.8 
14-550 0: 3:26:71 7.1 1.6 .10 0.74 0.47 0.9 
15-0 1:21:23:55 6.2 2.3 -.12 1.05 0.46 0.5 
15-10 5:70:10:14 3.1 2.3 .47 0.95 0.41 0.1 
15-20 17:57:10:15 3.3 2.8 .41 0.86 0.31 0.1 
15-30 14:58:11:16 3.4 2.9 .46 0.93 0.33 0.1 
15-4 0 11:39:19:30 4.7 2.9 -.06 0.76 0.26 0.2 
15-50 12:29:20: 39 5.4 2.8 -.17 0.80 0.28 0.1 
15-60 2:16:22:60 6.3 2.4 -.16 1.29 0.54 0.1 
15-80 0:14:24:60 6.4 2.1 .07 1.16 0.55 0.5 
15-180 0:15:23:62 6.7 2.6 -.21 0.89 0.35 0.4 
15-220 4:19:24:54 6.4 2.3 -.13 0.97 0.41 0.4 
16-GRAB 1:70:15:13 3.7 2.1 .34 1.15 0.54 0.1 
18-GRAB 0:22:28:50 6.0 2.0 -.01 0.97 0.48 0.3 
20-10 11:17:19:54 6.8 2.8 -.34 1.02 0.37 0.0 
20-80 14:18:17:56 6.5 2.8 -.41 1.32 0.40 0.0 
20-125 10:20:19:51 6.9 2.6 -.30 1.05 0.36 0.0 
22-3 2:21:28:48 6.2 2.5 -.04 0.90 0.35 0.1 
22-25 0: 1:35:64 7.0 1.6 .12 0.70 0.45 0.02 
22-270 0: 1:40:59 6.9 1.6 .27 0.90 0.43 0.02 
23-10 0: 5:42:58 6.9 1.8 .13 0.73 0.39 0.02 
23-35 77:18: 2: 2 1.6 2.9 .89 4.44 1.56 0.1 
27-20 0: 3:38:60 7.0 1.9 .23 0.67 0.36 0.5 
27-200 0:13:41:45 6.4 2.0 .32 0.79 0.39 0.02 
28-5 0: 2:17:80 7.7 1.7 -.02 0.82 0.49 0.2 
28-105 0:11:66:23 5.7 1.7 .56 1.73 1.02 0.2 
29-10 0: 1:16:83 7.8 1.4 -.01 0.85 0.59 0.7 
29-4 0 0: 8:39:53 6.6 1.7 .24 0.86 0.48 0.7 
29-50 0: 3:32:66 7.2 1.7 .17 0.65 0.37 0.7 
29-160 0: 9:16:76 7.4 2.4 -.37 1.19 0.49 0.3 
29-165 1:34: 4:60 5.6 3.6 -.39 0.51 0.14 0.01 
29-170 1:63: 8:28 3.3 3.5 .86 0.64 1.10 0.01 
29-172 1:93: 2: 4 1.2 1.6 .51 3.74 2.31 0.01 
29-178 5:90: 3: 2 1.3 1.4 .36 2.93 2.07 0.01 
29-475 0: 3:17:80 7.4 1.9 .09 0.80 0.41 0.3 
30-1 0: 6:34:67 7.3 1.8 .08 0.67 0.36 1.1 
30-212 0:42:33:25 5.2 1.9 .49 1.16 0.60 1.0 
30-220 0:56:35: 9 4.5 1.6 .56 1.49 0.95 1.0 
30-420 0:33:37:30 5.6 2.1 .44 0.77 0.36 0.7 
30-428 0:13:39:49 6.6 2.0 .29 0.72 0.35 0.7 
30-430 0:32:43:24 5.4 2.0 .29 1.23 0.62 0.7 
30-434 0:14:31:55 6.5 2.1 .19 0.82 0.39 0.7 
30-460 0: 4:15:81 7.6 1.5 .17 0.88 0.60 0.7 
30-465 0:77:19: 4 3.9 1.2 .50 1.36 1.15 

0
0

 • 
O
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Table 1 (cont.) 

CORE-DEPTH G: S:ST:C MGS ST.DEV SK K K/ST.DEV. VOL/QTZ 

30-490 0:17:32:51 6.4 2.1 .15 0.76 0.36 0.8 
30-495 0:17:36:47 6.4 2.1 .24 0.75 0.36 0.8 
31-20 0:32:35:33 5.7 2.2 .44 0.73 0.34 1.1 
31-105 0:48:26:26 5.2 2.1 .54 0.98 0.46 1.1 
31-140 0:80:15: 6 3.9 1.4 .61 2.21 1.55 1.0 
32-27 0:73:17:10 4.8 1.5 .59 2.57 1.71 0.6 
32-30 1:70:19:10 3.8 1.9 .44 1.79 0.92 0.6 
32-40 0:15:48:37 6.0 1.8 .32 1.07 0.59 0.2 
33-19 0:29:41:30 5.4 1.9 .15 1.00 0.54 0.2 
33-23 24:45: 21:11 4.4 2.0 .47 1.44 0.72 0.3 
33-30 41:40: 8:11 3.7 2.8 .35 0.92 0.33 0.3 
34-30 4:53:22:21 4.9 2.4 .47 1.21 0.50 0.4 
34-33 15:62:14: 9 3.3 2.4 .18 1.09 0.46 0.5 
34-44 26:44:12:17 4.4 2.2 .53 0.97 0.45 0.5 
34-50 6:55:21:18 4.2 2.0 .41 1.00 0.50 0.5 
34-55 2:55:25:18 4.4 2.2 .39 1.15 0.52 0.5 
34-60 2:59: 23:15 4.1 2.0 .32 1.14 0.58 0.5 
35-20 2:28:28:42 5.5 2.2 -.13 0.96 0.43 0.4 
35-80 1:30:33:36 5.4 2.2 -.02 1.05 0.48 0.3 
36-10 12:34:20:35 0.4 
37-GRAB 7:74: 9:10 3.6 1.7 .38 2.02 1.19 2.0 
37-5 4:86: 5: 6 3.0 1.6 .11 1.88 1.18 2.0 
37-10 3:85: 6: 6 3.0 1.7 .10 1.86 1.10 2.0 
37-24 23:47:10:20 3.8 2.8 .23 0.75 0.27 1.0 
37-35 13:46:12:29 4.3 3.0 .11 0.72 0.24 0.4 
37-60 13:58:10:19 3.9 2.7 .33 1.04 0.40 2.5 
37-85 48:37: 6: 9 3.6 2.4 .26 1.14 0.48 2.5 
38-GRAB 0:99: 1: 0 2.9 0.9 -.32 0.90 9.99 0.04 
38-10 89:11: 0: 0 0.8 1.0 .60 1.74 1.78 0.05 
39-GRAB 25:63: 6: 6 3.2 1.9 .08 1.86 0.96 2.8 
42-GRAB 29:68: 1: 1 2.5 1.4 -.39 0.98 0.69 1.2 
147-5 15:29: 26:29 5.3 2.4 .12 1.10 0.45 2.2 
147-15 21:51:10:18 3.5 3.0 .22 0.80 0.27 1.4 
147-20 5:42:23:30 5.1 2.3 .30 1.10 0.42 2.6 
147-30 50:36: 7: 7 2.9 2.7 .45 0.87 .032 2.2 
148-5 0:32:33: 35 5.4 1.8 .14 0.88 0.48 1.1 
148-10 6:62:12:20 4.2 2.5 .29 1.48 0.59 2.5 
148-30 0:42:30:27 5.2 2.1 .34 1.09 0.51 0.9 
148-33 14:29:26: 31 5.6 2.2 .28 0.89 0.41 2.3 
148-37 17:26: 27:29 5.7 2.3 -.30 0.88 0.39 4.9 
148-43 0:27:34:39 5.8 2.2 .25 0.90 0.41 5.9 
148-76 13:37: 25: 24 4.8 2.8 .03 0.95 0.33 2.7 
148-84 6:43:25:26 4.6 3.0 .04 0.79 0.26 1.1 
148-130 11:43:25:22 4.6 2.7 .07 1.16 0.43 1.8 
148-160 32:30:19:19 5.0 2.6 .11 0.99 0.39 1.5 
149-GRAB 1:74:15:10 4.0 1.9 .48 1.99 1.03 0.7 
150-30 0:28:27:45 6.0 2.0 .21 0.75 0.38 2.8 
150-40 0:26:27:47 6.0 2.2 .15 0.78 0.36 2.8 
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Table 1 (cont.) 
CORE-DEPTH G: S:ST:C MGS ST.DEV SK K K/ST.DEV. VOL/QTZ 

150-60 0:17:27:56 6.5 2.2 .04 0.86 0.40 2.8 
150-80 0:51:24:25 4.9 1.9 .60 1.01 0.52 2.9 
150-90 OSS : 39: 26 5.5 2.1 .28 0.87 0.46 3.0 
150-130 0:47:28:25 5.1 1.9 .45 1.04 0.54 2.8 
150-160 0:47:25:27 5.2 2.1 .44 0.97 0.46 2.9 
150-180 0:52:23:25 4.7 2.4 .37 1.11 0.48 3.0 
150-230 0:47:24:28 5.1 2.0 .37 0.93 0.45 2.8 
150-240 0:34:21:45 5.8 2.1 .17 0.78 0.36 1.7 
150-250 1:33:28:38 5.8 2.1 .26 0.79 0.38 1.7 
150-260 0:38:12:49 5.9 2.3 .04 0.71 0.30 1.7 
150-280 0:35:26:39 5.6 2.1 .23 0.78 0.37 1.7 
150-330 5:10:20:65 6.9 2.3 -.08 0.92 0.40 2.8 
151-0 0:95: 2: 3 2.3 1.2 .37 1.9K 1.60 6.0 
151-20 0:98: 0: 1 1.6 0.6 .08 1.20 1.87 6.3 
151-40 2:96: 0: 2 1.6 0.7 -.01 1.06 1.52 6.3 
151-70 6:93: 0: 1 1.6 0.7 .06 1.52 2.10 6.3 
153-7 4:89: 4: 3 2.6 1.2 .27 1.63 1.32 3.5 
153-30 , 57:21:10:13 4.8 2.3 .15 1.01 0.43 1.3 
153-102 46:26:12:15 4.7 2.3 .14 1.00 0.44 1.1 
153-120 0:95: 2: 3 2.9 1.0 .28 1.40 1.36 4.0 
153-170 0:96: 2: 2 2.3 0.7 .25 1.40 1.99 2.8 
154-1 7:82: 6: 4 3.4 1.5 .22 2.47 1.63 1.4 
154-2 6:82: 6: 5 3.2 1.3 .22 2.45 1.62 1.7 
154-4 33:35: 2:29 5.1 3.4 .24 0.66 0.19 0.7 
154-33 18:34:15:32 5.3 2.9 .08 0.80 0.23 0.7 
154-70 12:41:20:17 4.7 2.8 -.01 0.94 0.33 0.4 
154-108 9:40:22:30 4.9 3.0 .06 0.85 0.28 0.7 
155-0 1:62:14:23 4.3 2.6 .29 1.22 0.47 0.5 
155-10 1:33:20:46 5.6 2.8 -.09 0.90 0.32 0.4 
155-20 2:26:21:52 6.0 2.6 -.15 0.86 0.33 0.3 
155-30 0:35:19:46 5.6 2.7 .00 0.76 0.27 0.3 
155-40 0:26:18:56 6.3 2.5 -.13 0.74 0.29 0.5 
155-50 1:39:19:40 5.3 2.8 -.03 0.83 0.29 0.2 
155-60 1:34:21:44 5.6 2.6 .02 0.77 0.29 0.2 
155-70 0:30:16:54 6.1 2.7 -.13 0.69 0.26 0.2 
155-80 0:39:21:40 5.4 2.6 .09 0.79 0.30 0.5 
155-90 0:29:19:53 6.1 2.5 -.13 0.73 0.29 0.4 
155-100 0:22:23:54 6.2 2.3 -.07 0.96 0.46 0.4 
155-105 2:40:16:42 5.4 2.7 .09 0.75 0.28 0.2 
155-110 1:40:17:41 5.4 2.8 .09 0.70 0.25 0.4 
155-115 5:38:18:38 5.4 2.7 .04 0.82 0.30 0.1 
155-120 0:25:12:62 6.5 2.8 -.33 0.74 0.27 0.4 
155-125 2:36:14:48 5.8 2.8 -.07 0.68 0.24 0.1 
155-130 0:14:20:65 6.9 2.3 -.20 0.80 0.35 0.5 
155-140 0:23:17:61 6.6 2.6 -.21 0.79 0.31 0.5 
155-150 5:42:16:38 5.3 2.9 .05 0.77 0.26 0.5 
155-175 1:50:15:34 4.9 2.6 .39 0.75 0.29 0.3 
155-180 0:28:16:56 6.0 2.6 -.18 0.83 0.32 0.3 



171 

Table 1 (cont.) 
CORE-DEPTH G: SîSTJC MGS ST.DEV SK K K/ST.DEV. VOL/QTZ 

155-185 1:51:15:33 437 2.7 .32 0.71 0.29 0.1 
155-260 6:42:16:36 5.1 2.8 -.01 0.78 0.28 0.1 
156-2 0:52: 8:41 5.1 2.8 .39 0.83 0.30 2.0 
156-10 0:35:26:39 5.7 2.1 .34 0.78 0.38 2.8 
156-19 0:31:29:40 5.9 2.5 .28 0.70 0.28 2.2 
156-20 0:19:26:55 6.6 2.1 .06 0.69 0.34 2.2 
156-24 0:17:29:53 6.5 2.2 -.03 0.72 0.33 2.8 
156-30 4:26:28:42 6.0 2.2 .30 0.75 0.34 2.6 
156-31 1:24:29:47 6.2 2.2 .23 0.72 0.33 2.4 
156-55 0:20:31:50 6.4 2.0 .18 0.77 0.38 2.8 
156-70 0:24:30:46 6.2 2.1 .27 0.68 0.32 2.8 
157-20 0: 4:11:85 7.5 1.5 -.03 0.85 0.58 1.6 
157-22 0:17:21:62 6.6 2.3 -.07 0.73 0.32 1.6 
157-24 0: 6:12:83 7.3 1.7 -.09 1.21 0.73 1.6 
157-26 0: 8:10:82 6.9 1.9 -.10 1.09 0.58 1.6 
157-28 0:26:21:53 5.9 1.9 -.09 0.82 0.42 2.6 
157-29 0:31:16:53 6.2 2.3 .01 0.65 0.29 2.6 
157-31 0: 0: 9:90 7.8 1.3 .02 1.03 0.79 1.5 
157-32 0: 5:11:85 7.5 1.4 .06 0.85 0.62 1.3 
157-40 0: 0:13:87 7.4 1.4 .04 1.06 0.75 0.6 
157-55 0: 3:11:86 7.3 1.5 .11 0.90 0.61 2.8 
157-60 0:17:22:61 6.6 2.4 -.17 0.75 0.31 2.2 
157-62 0: 8:13:78 7.4 1.9 -.15 0.96 0.52 1.8 
157-80 0: 0: 2:98 7.9 1.2 .28 0.86 0.75 2.8 
158-GRAB 100% unilithic gravel (slate) 
158-5 0:32:28:40 5.8 2.2 .27 0.80 0.36 1.2 
158-8 0:34:19:47 5.7 1.9 .01 0.82 0.44 1.0 
158-22 1:35:29:35 5.6 2.3 .27 0.88 0.38 , 1.2 
158-28 1:23:21: 55 6.5 2.3 -.03 0.69 0.29 1.3 
158-110 0:13:26:61 6.4 2.0 -.04 1.10 0.56 1.0 
158-140 1:20:31:48 6.3 2.1 .19 0.78 0.37 2.0 
158-190 0:16:32:52 6.1 2.0 -.02 1.03 0.51 1.4 
158-225 13:20:23:43 6.1 2.5 -.07 0.98 0.39 0.1 
158-235 18:31:16:35 5.3 2.9 -.09 0.76 0.27 0.1 
158-245 24:37:11:28 4.4 2.9 -.05 0.69 0.23 0.1 
159-10 0:36:22:41 5.9 2.3 .44 0.62 0.27 1.3 
159-40 0:35:25: 40 5.8 2.2 .33 .078 0.34 2.0 
159-50 0:32:23:45 5.9 2.1 .29 0.78 0.37 2.0 
159-55 0:29: 25:46 6.1 2.1 .23 0.67 0.32 2.2 
159-60 0:31:33:45 6.0 2.1 .26 0.73 0.35 3.0 
159-65 0:39:22:38 5.8 2.3 .44 0.72 0.32 3.0 
159-120 0:31:24:45 5.9 2.4 .15 0.84 0.36 4.7 
159-140 0:22:26:52 6.3 2.4 0 0.81 0.34 4.7 
159-180 1:14:25:60 6.6 2.3 -.01 0.91 0.39 2.0 
159-200 0:16:26:57 0.3 1.9 0 0.95 0.49 3.0 
159-220 0:33:26:42 5.9 2.3 .37 0.67 0.30 1.8 
159-260 0:25:26: 50 6.1 2.3 .09 0.82 0.36 1.8 
160-15 0:13:33:54 6.2 1.8 .05 1.24 0.44 0.7 
160-43 6:28:25:41 5.2 2.6 -.30 1.10 0.43 0.2 
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Table 1 (cont.) 
CORE-DEPTH G: S: ST: C MGS ST. DEV SK K K/ST.DEV. VOL/QTZ 

160-64 6:31: 27: 35 4.9 2. 5 -.34 1. 05 0.42 0.1 
160-93 2:26: 31: 41 5.4 2. 4 -.09 1. 13 0.48 0.1 
161-3 3:65: 14: 18 3.9 2. 2 .40 1. 01 0.47 0.1 
161-7 29:60: 5: 7 2.4 2. 2 .45 1. 28 0.59 0.1 
161-20 51:46: 1: 2 1.2 1. 2 .44 1. 42 1.17 0.1 
161-50 55:43: 1: 1 1.3 1. 5 .46 1. 30 0.86 0.1 
162-GRAB 0: 4: 16: 81 7.4 1. 5 .10 0. ,82 0.56 0.4 
163-GRAB 0: 6: 20: 75 7.2 1. 8 .04 0. ,91 0.57 0.3 
163-351 0:26: 17: 56 5.8 2. 7 -.29 0. ,86 0.52 0.0 
164-GRAB 13:57: 14: 16 3.9 2. 6 .33 1. ,18 0.46 0.4 
165-GRAB 4:55: 18: 23 4.3 2. 6 .22 1. ,08 0.42 0.5 
166-GRAB 46:29: 12: 13 3.1 1. 8 .03 0. ,76 0.43 0.9 
166-5 30:23: 19: 28 0.9 
166-10 18:25: 18: 39 0.9 
166-15 15:23: 20: 42 0.8 
168-GRAB 0:75: 13: 12 4.0 1. 8 .57 2, .18 1.18 1.8 
169-0 1:91: 4: 4 2.9 1. 3 .23 1. .85 1.40 1.4 
169-12 6:73: 10: 11 3.3 1. 9 .47 1. .54 0.81 1.3 
169-19 15:68: 10: 7 2.9 2. 0 .21 1. .38 0.68 1.0 
169-27 24:44: 12: 20 4.2 2. 6 .28 0, , 96 0.37 1.0 
169-43 5:71: 9: 14 3.4 2. 2 .46 1. ,54 0.70 2.0 
170-GRAB 98: 2: 0: 0 2.5 1. 7 -.20 0. .77 0.46 0.8 
171-3 8:89: 2: 1 1.8 0. 8 .26 1. ,84 2.34 9.9 
171-12 11:87: 1: 1 1.8 0. 9 .07 2. ,01 2.35 10.0 
171-25 18:80: 1: 1 1.6 0. 8 -.02 1. .95 2.47 10.0 
171-50 42:58: 1: 1 1.4 0. 8 -.32 1. ,2K 1.47 10.0 
171-95 50:50: 0: 0 1.3 0. 7 -.42 1. .09 1.57 10.0 
172-0 0:84: 10: 5 3.3 1. 4 .42 1. .67 1.18 8.0 
172-8 1:95: 3: 2 1.6 1. 4 .36 1. .80 1.31 8.0 
172-19 20:76: 1: 0 1.0 0. 9 .31 1, .25 1.36 8.0 
172-26 46:53: 1: 0 1.0 0. 9 .31 1, .25 1.36 8.0 
172-32 55:43: 1: 1 1.3 1. 5 .36 2, .13 1.43 8.0 
172-69 66:33: 1: 0 0.8 0. 9 .34 1. .09 1.26 8.0 
172-109 82:17: 1: 1 1.2 1. 7 .46 2, .71 1.57 1.4 
173-16 3:59: 18: 21 3.9 2. 5 .26 0, .99 0.39 0.6 
173-46 0:40: 22: 38 5.2 2. 7 -.01 0, .87 0.32 0.4 
173-163 24:25: 17: 34 5.5 2. 5 -.09 0, .85 0.34 0.4 
173-236 3:39: 22: 37 5.1 2. 7 -.03 0, .84 0.31 0.4 
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TABLE 2 

Lithologies of.’ selected pehibles from sediment cores* 
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TABLE 2 

CORE # 

20 

21 

36 

37 

142 

154 

158 

160 

161 

LITHOLOGY NO. of PEBBLES 

phyllite 7 
quartz 1 
slate 1 
granofels 4 
metagraywacke 2 
metaquartzite 1 

metagraywacke 1 
diamictite clasts 6 

metagraywacke 2 
metaquartzite 2 
schist 1 
basalt (McMurdo Vol.) 3 
phyllite 2 

granite 3 
phyllite 5 
gabbro 2 
slate 1 
metagraywacke 21 

granite 1 
basalt (McMurdo Vol.) 1 
granodiorite 1 

granofels 1 
slate 28 
phyllite 3 
granite 1 
metagraywacke 6 

granite 10 
phyllite 15 
slate 1 
granofels 3 
metagraywacke 5 

basalt (McMurdo Vol.) 1 
granite 3 
quartz 1 
phyllite 2 

granite 
granodiorite 

8 
1 



Table 2 (cont.) 
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163 phyllite 3 
slate 3 
granofels 3 

166 metagraywacke 6 

171 basait (McMurdo Vol.) 5 
metagraywacke 2 
phyllite 4 

172 basait (McMurdo Vol.) 6 
metagraywacke 9 
phyllite 2 
slate 1 

173 quartz 4 
gneiss 2 
basait (McMurdo Vol.) 3 
diorite 2 


