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ABSTRACT 

SEDIMENTOLOGIC AND PA LE OC EA MOCR A PH IC IMPLICATIONS OF 
TERRIGENOUS DEPOSITS ON THE MAURICE EWING BANK, 

SOUTHWEST ATLANTIC OCEAN 

SCOTT EDWARD MACDONALD 

The Maurice Ewing Bank (MEB) provides a unique 

environment in which to study deep-sea clastic sedimentation 

as the observed sedimentary sequences are not readily 

explained by traditional depositional models. Grain size 

distributions of sediment samples are utilized to identify 

styles of sediment transport and current velocities at the 

benthic boundary layer. These data, along with physical 

oceanographic information, allow for examination of the 

relationship between sedimentation on the bank and 

circumpolar currents. Causal relationships between glacial 

episodes, current intensification, and bottom current scour 

were previously postulated. 

Results indicate that modern sediment distribution is 

controlled by both bottom and surface currents, and is 

modified by mass-flow processes. Indirect determinations of 

current velocities, using a curve relating sediment 

transport to current velocity, suggest a uniform energy 

regime of 8-12 cm/sec over the bank. These moderate 

velocities are supported by geostrophic velocity profiles. 

The results of this study also demonstrate that 

misinterpretations regarding current velocities may result 
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when statistical parameters, such as mean grain size and 

sorting, are used as indicators of fluctuations in bottom 

current velocities. Similar conclusions can be drawn 

concerning the use of bottom photographs and nephelometer 

profiles to infer the relative strength of bottom energy 

r eg imes. 

Current velocities assigned to down-core samples 

indicate no major fluctuations in circumpolar current 

intensity since PIio-Pleistocene time. Similar results were 

obtained from examination of Argentine Basin cores. These 

results refute the previously inferred causal relationship 

between current intensification and glacial episodes. The 

identification of mass-flow deposits provides an alternate 

explanation for the depositional and erosional history of 

the KEB 
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INTRODUCTION 

Statement of Problem 

The Southwest Atlantic Ocean Easin provides an 

important and unique environment in which to study deep-sea 

sedimentation. Few places in the world unveil so clearly 

the vast myriad of processes influencing sedimentation. 

Therefore, analyses of depositional products allow 

determinations to be made concerning the nature of the 

relationships between those controlling agents primarily 

responsible for what is observed in the sedimentary record. 

The primary objective of this study was to investigate 

sedimentary processes responsible for deep-sea sand 

occurrences in the area of the Falkland Plateau. The source 

of these sands and the exact depositional mechanisms 

involved in their emplacement are discussed. Additionally, 

this study explores the possibility that the observed form 

of sedimentation is related to intensification of 

circumpolar currents resulting from climatic fluctuations. 

1 
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Study Area 

The Falkland Plateau extends eastward from the South 

American continental margin at approximately 50 degrees 

south latitude (Fig. 1). The plateau is bounded on the 

north by the Falkland Escarpment and on the south by the 

Falkland Trough and North Scotia Ridge. The easternmost 

portion of the Falkland Plateau consists of an elevated 

morphostructural unit referred to as the Maurice Ewing Bank 

(MEB). 

Figure 1 (Rabinowitz et al., 1 978 ) is a detailed 

bathymetric map of the region. The various physiographic 

provinces of this area have been identified and described in 

considerable detail as a result of geophysical exploration 

conducted during numerous cruises of the Verna and Robert 

Conrad research vessels of Lamont-Do herty Geological 

Observatory. Lonardi and Ewing (1971) delineated the 

various provinces based on a study of sediment distribution 

patterns and associated basement relationships with seafloor 

morphology. Recent work (Ludwig et al., 1978; Ludwig, 1983) 

has focused specifically on the general physiographic 

framework of the Falkland Plateau. A brief 

physiographic-bathymetric description of the study area is 

given below. For more .detailed information, the reader is 

referred to the aforementioned references. 

The Falkland Plateau extends for approximately 1800 km 

east of the Falkland Islands. Although the seafloor slopes 
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gently eastward from the Falkland Islands to approximately 

53 degrees west longitude, the plateau has a remarkably 

level seafloor at an average depth of 2600 meters (Ludwig, 

198 3 ). This smooth seafloor is interrupted only in the 

center of the plateau where some local relief (35-55 m) is 

observed (Ciesielski, 1978). As stated earlier, the 

Falkland Trough and North Scotia Ridge form the southern 

boundary of the plateau. The Falkland Trough is an 

essentially linear feature which begins as a slight 

depression in the Argentine continental shelf north of Isla 

de los Estados and terminates in the Georgia Easin at a 

depth of 3700 meters. The North Scotia Ridge is a complex 

of submarine ridges and shallow banks extending 2000 km from 

Tierra del Fuego to the island of South Georgia. This 

ridge-bank complex separates the Southwestern Atlantic from 

the Scotia Sea and represents the northern portion of the 

tectonically complex Scotia Arc. The most important aspect 

of the physiography of the North Scotia Ridge is the 

presence of a gap between and *19 degrees west longitude 

with a sill depth of 3000 meters. This gap represents the 

main passageway for waters entrained in the easterly flowing 

Antarctic Circumpolar Current to enter the Southwestern 

Atlantic. 

The Falkland Escarpment marks the northern margin of 

the Falkland Plateau. This prominant physiographic feature 

extends from the Argentine continental slope to 
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approximately 40°V. This steep scarp decends into the 

Argentine Easin with slopes as high as 45° (Le Pichon et 

al., 1971). The Falkland Fracture Zone, extending from 40° 

V to approximately 28°W, represents the eastern extension of 

the Falkland Escarpment structural trend. This fracture 

zone is topographically prominent, rising an average 1000 

meters above the abyssal floor, and is continuous with the 

exception of a gap at approximately 36°W (Ciesielski, 1978). 

It is believed that this gap, with a sill depth of 5100 

meters, represents the passageway for Antarctic Bottom Water 

entering the Argentine Basin. 

The Maurice Ewing Eank is the most important 

physiographic feature considered in this study and is 

outlined by the 2000 meter isobath (Fig. 1). This 

dome-like, elevated structure represents the easternmost 

portion of the Falkland Plateau. The shallowest portion of 

the bank lies in water depths between 1300 and 1500 meters. 

In general, the flanks of the MEB rise fairly steeply to 

approximately 1800 meters, above which a more level 

topography is observed. The northern and eastern flanks are 

the steepest, while to the south and west, the slopes are 

more gentle. 

The Falkland Plateau lies within the area of the 

Antarctic Convergence or Polar Front. Sediment types of the 

region can be described as consisting basically of siliceous 

ooze, calcareous ooze, and glacial marine detritus. The 



composition of the oozes is largely controlled by the 

position of the Polar Front. Calcium carbonate is dominant 

north of the convergence while silica predominates to the 

south. The presence of both siliceous and calcareous ooze 

on the Maurice Ewing Eank indicates that the Polar Front has 

fluctuated through time (Malmgren, 1979; Ciesielski et al., 

1982). Sand bodies and large rock clasts are indicative of 

ice-rafted debris derived principally from Antarctica 

(Plafker et al., 1977; Ciesielski et al., 1982; and 

PornhoId, 1983). 

The youngest sediments of the Maurice Ewing Eank are 

represented by a 1-2 meter thick layer of Plio-Pleistocene 

glacial marine gravel, sand, mud, and pelagic oozes 

(Ciesielski and Vise, 1977). The lithologic composition of 

the core-top sediments have been studied by many 

researchers. In this study, all samples were examined 

microscopically and the major constituents represented are 

planktonic and benthonic foram i n i fera , radio1ar i ans , 

diatoms, quartz, feldspar, glauconite, manganese 

m i c r o n o d u 1 e s , and a variety of igneous, both volcanic and 

Plutonic, and metamorphic rock fragments. These young 

sediments blanket older, thicker deposits representing 

Jurassic through Miocene time. 

The Antarctic Circumpolar Current (ACC) is the dominant 

current of the Southern Ocean today. The Pacific 

subantarctic and antarctic water masses entrained in the 
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easterly flowing ACC find their way into the study area 

largely through the i)S°W gap in the North Scotia Ridge. The 

Circumpolar Deep Water is the most voluminous water mass of 

the ACC and is the predominant mass impinging on the Maurice 

Ewing Bank, causing considerable erosion and redistribution 

o f sed imen t. 

Little doubt exists as to the importance of the ACC on 

the se d im en to 1 og ic history of the Falkland Plateau. Cne 

objective of this study is to relate the physical 

oceanography to the sedimentology. A complete discussion of 

the oceanography of the region is presented in a subsequent 

chapter . 
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Background Information 

During recent years, the Falkland Plateau has been the 

subject of intensive marine geological study. This area of 

the Southwestern Atlantic Ocean Easin has been extensively 

cored by research groups associated with Legs 36 and 71 of 

the Deep Sea Drilling Project (DSDP), Verna and Robert Conrad 

cruises of Lamont-Doherty Geological Observatory, and 

expeditions of the A.R.A. Islas Orcadas. Prior to this 

time, research in this region centered principally on the 

Argentine continental margin and adjacent Argentine Easin 

(Ewing et al.t 1963, 1971; Ewing, 1964, 1965; Ludwig et al., 

196?; Lonardi and Ewing, 1971; and others). 

The Maurice Ewing Bank (MEB), representing the 

easternmost portion of the plateau, has been the site of 

considerable attention. In 1974, three holes were drilled 

on the FEE during Leg 36 of the DSDP and approximately 450 

meters of sediment, representing a Jurassic to Recent 

stratigraphic sequence, was recovered. Additionally, 

magnetic, bathymetric, and seismic reflection data were 

acquired. Analysis of the DSDP cores and geophysical data 

(Parker et al., 1977) resulted in a scheme for the tectonic 

and oceanographic evolution of the southernmost Atlantic 

Cc e a n Basin. 

The most recent drilling conducted in the Falkland 

Plateau area occurred in 1Ç80 as part of Leg 71 of the DSDP. 

Two holes were drilled on the Maurice Ewing Bank. The main 
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objective of this research was to expand upon the history of 

sedimentation of the eastern plateau (Ciesielski and Weaver, 

1583). Additionally, the effect of the plateau as a barrier 

between water masses during the early opening of the South 

Atlantic and the evolution of the Antarctic Convergence or 

Polar Front were investigated. 

Summarized below is the post-Paleozoic geologic history 

of the Falkland Plateau. The data base for this summary 

largely comes from the cruise synthesis of Leg 36 of the 

DSDP (Parker et al., 1 977 ), Ciesielski and Wise ( 1977), 

Ludwig et al. ( 1 975 ). Wise et al. ( 1 582), Ciesielski and 

Weaver ( 1 983 ). and Ludwig ( 1 983). 

During late Jurassic time, the continents of South 

America, Africa, Antarctica, Australia, and India were all 

part of the single, giant continent referred to as 

Gondwana 1 and . At this time, the Falkland Plateau was 

situated off the southeastern coast of Africa. More 

specifically, continental reconstructions suggest that the 

plateau was situated between the present southern margin of 

the Agulhas Eank and the northern margin of the Mozambique 

Pid ge. 

The crustal nature of the plateau has been a topic of 

both interest and importance for reconstruction models. 

Studies by Greenway ( 1 972 ) show the Falkland Islands to 

consist of a metamorphic complex overlain by 

Paleozoic-Triassic sedimentary strata, all of which is cut 
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by mafic dykes. Additionally, the sedimentary strata has 

been correlated with rocks of comparable age in South 

America and southern Africa. These data indicate that the 

western portion of the plateau is of continental origin. 

Gneissose and granitic basement recovered from DSDP site 330 

on the Maurice Ewing Bank provide evidence that the eastern 

portion of the plateau is also underlain by continental 

crust. Prior to this discovery, there was considerable 

speculation as to the true nature of crustal material 

beneath the easternmost portion of the plateau as this area 

lies at considerably greater depths and adjoins the 

Mozambique Pidge in continental reconstructions which 

terminates in tholeiitic basalt (Barker et al., 1977). 

Subsequent studies by Eeckinsale et al. ( 1 977) provide data 

which show the basement rocks of the eastern plateau to be 

comparable in age and lithology to the exposed basement 

rocks in adjoining areas of southern Africa and South 

Amer ic a. 

It is generally believed that a middle to late Jurassic 

marine transgression occurred over what was then the 

southwestern portion of Gondwana 1 and . Thompson ( 1977) 

suggests that this transgression is correlative with those 

into the Magallanes and Algoa Basins of South America and 

southern Africa respectively. Evidence for this 

transgression is found in the DSDP cores taken from the 

Maurice Ewing Pank. Fluvial sands and fine elastics overlie 
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gneissose basement and underlie Oxfordian marine shales. 

The deposition of fine-grained Oxfordian sapropelic 

claystone suggests that this mid-late Jurassic inland sea 

became increasingly restricted. A deepening of the basinal 

area during this time is inferred from a decrease in grain 

size, terrigenous fraction, and bioturbation (Thompson, 

1977)» although shallow water non-open marine conditions 

still prevailed (Vise et al., 1982). 

Similar conditions persisted into the Aptian, yet at 

site 330 on the MEB the interval separating Cxfordian-Aptian 

sequences is missing, representing a 50 m.y. hiatus. Larsen 

and Ladd (1973) suggest that despite a lack of structural or 

lithological discontinuities, this disconform it y is due to 

the early rifting phase of the southwestern portion of 

Condwanaland approximately 127 m.y. ago. Additionally, it 

is believed that as the Falkland Plateau was being rifted 

from the southeastern margin of Africa, the basin floor was 

uplifted to near sea level or slightly above it (Wise et 

al., 1Ç82). Nonetheless, Aptian black shales on the Maurice 

Ewing Bank indicate that stagnant conditions continued 

through the Aptian. 

The Albian marked a period of dramatic change in the 

depositional conditions on the Falkland Plateau. DSDP cores 

recovered from the MEB reveal the existence of well-oxidized 

Al bian-Cenoman i an nannofossil elaystones and coccolith 

oozes, indicative of an open marine environment. The 
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tectonic event responsible for more open marine conditions 

was the passing of the eastern tip of the Maurice Ewing Bank 

by the southern part of Africa approximately 25 m.y. after 

the initial breakup of Gondwanaland. Thus, deep, oxygenated 

waters from the Indo-Pacific entered the young South 

Atlantic. Seafloor spreading and associated rifting of the 

Falkland Plateau resulted in rapid subsidence of the plateau 

during the late Albian. Barker et al. (1977) suggest that 

the plateau decended to within 500 meters of its present 

position by Maestrichtian time. 

Creen-gray clay represents the Cenomanian sequence. An 

erosional hiatus separates the Cenomanian from the overlying 

zeolitic clay of the Santonian. This observed hiatus is 

thought to have occurred due to a rise in the carbonate 

compensation depth (CCD) and increased bottom currents. 

Another hiatus appears to separate the Santonian beds from 

an overlying carbonate ooze of Campanian age. Wise et al. 

( 1 982 ) suggest that the tectonic and global pal eocl imatic 

events of the mid-Cretaceous not only changed the symmetry 

of the ocean basins, but intensified bottom water flow and 

general circulation patterns, increased dissolution, and 

raised the CCD. Thus, the appearance of hiatuses within the 

sedimentary record during this time is not surprising. 

Carbonate sedimention, due to a lowering of the CCD, 

c h a r ae te r i ze d the Campanian-Maestrichtian . Yet, with the 

advent of Horsley’s (1971) "Terminal Cretaceous Event", the 
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CCD rose and the deposition of coccolith ooze ceased. A 

hardground capping the Mae str ichtian carbonate provides 

evidence for this event. Paleocene zeolitic clays with 

terrestrially derived organic matter disconformably overlie 

the hardground. Diatom oozes and coccoliths are present 

upwards in this sedimentary section, indicating the lowering 

of the CCT during the early Cenozoic. The Eocene is 

predominantly characterized by the deposition of zeolitic 

clays and diatomaceous oozes. 

During the Cligocene, thick chalks were deposited. A 

significant cooling during mid-Tertiary time is indicated by 

the absence of the warm water coccolith genus Discoaster 

(Ciesielski and Wise, 1Ç77). Supporting evidence for this 

climatic condition is given by the appearance of cold water 

silicoflagellates on the Campbell Plateau during this time 

(Ciesielski, 1975), and Kemp (1975) reports that Nothofagus 

beech trees of Vest Antarctica became stunted and eventually 

died out. The Cligocene-Miocene boundary is characterized 

by a diseonformab1e surface. A very thick sequence of 

middle-upper Miocene diatomaceous and coccolith oozes 

accumulated on higher elevations of the Maurice Ewing Bank. 

Additionally, reworked coccoliths, diatoms, and radiolarians 

of Cretaceous to Paleogene age are present within this 

section. The presence of reworked siliceous and calcareous 

mierofossils indicate that strong bottom currents were 

active during this time (Ciesielski and Wise, 1977). The 
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01igocene-Mioeene boundary marks an event of great tectonic 

and oceanographic significance. Barker and Purrell (1S77) 
» 

estimated that the Drake Passage was fully opened by this 

time. Coincident with this tectonic development was the 

establishment of a complete circumpolar current which 

intensified circulation throughout the region. The 

disconfornable surface marking the Cligocene-Miocene 

boundary and the presence of olderf reworked microfossils 

within Miocene sediments provide supporting evidence for 

this oceanographic development. 

PI i o - P1 e i stocene glacial marine clastic sediments and 

no n - c a 1 c a r e o u s pelagic oozes d isconformably overlie the 

Miocene carbonates. This major erosional disconformity is 

seen throughout the region and many investigators link it 

with the intensification of bottom currents caused by the 

severe late Miocene-early Pliocene glaciation of Antarctica. 

In general, calcareous nannofossils are not present in 

higher sections on the MEB until the top few centimeters. 

An upper PI e i stoc ene-Holocene coccolith ooze is presently 

accumulating on the bank due to a southward shift of the 

Polar Front during the Cuaternary that allowed for carbonate 

deposition (Ciesielski et al., 1Ç82). 

Although the Falkland Plateau is one of the most 
v 

densely sampled regions in the world, studies concerning 

sedimentological aspects have been limited* Goodell (1973) 

provided initial data on the characteristics and 
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distribution of surface sediment within the region. The 

majority of work to date, however, has been done by 

Ciesielski (1978), Ciesielski and Wise (1977), and 

Ciesielski et al. (1982). Their work, based on 

paléontologie and sed imentolog ic analyses of piston cores 

and already existing DSDP cores, concentrated on the complex 

depositional and erosional history of the Maurice Ewing 

Eank. The sedimentary record, along with surface sediment 

distributions, regional oceanographic data, direct current 

measurements, bottom photographs, and nephelometer profiles, 

was used to infer the present and past oceanographic and 

climatic regimes influencing sedimentation on the bank. 

This research resulted in a more expanded and comprehensive 

scheme of the late Miocene-Holocene geologic history of the 

area. A brief summary of this scheme, as developed by 

Ciesielski et al. (1982) is presented below. These workers 

suggest that the depositional and erosional history of the 

Maurice Ewing Eank may reflect significant paleoceanographic 

ev en ts. 

Calcareous and siliceous sediments of mid-late Miocene 

age d isconformably overlie Oligocène chalks, as seen at DSDP 

site 329 on the MEB. The lower and upper portion of this 

thick, 350 meter section is represented by chalk and 

nannofossil or diatomaceous ooze respectively. Ciesielski 

et al. ( 1 982 ) have determined that accumulation rates of 

this Miocene pelagic material exceeded 33 m/m.y. which is 33 
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times greater than present accumulation rates and 5 times 

that of pre-Miocene sedimentation. Reworked Cligocene 

microfossils are present throughout the section. Sediment 

thickness is greatest at the apex of the bank and thins at 

approximately 2300 meters. 

Pliocene and Quaternary sediments disconformably 

overlie Miocene and older material (Ciesielski and Vise, 

1 977 ). It is believed that this d isconformable surface 

marks a massive erosional event which truncated the 

Cretaceous to late Miocene sediments on the Maurice Ewing 

Pank. Strata truncated by this erosional surface is seen in 

seismic reflection profiles. Ciesielski et al. (1982) place 

this event between 7.2 and M . 7 m.y. E.P. As was stated 

earlier, this event coincides with the severe late Miocene 

to early Pliocene glaciation of Antarctica (Kayewski, 1973; 

Hayes and Frakes, 1975; Shackleton and Kennett, 1975; 

Weaver, 1976; and others). Shackleton and Kennett (1975) 

present evidence of an Antarctic ice-sheet volume increase 

of over fifty percent as indicated by an increase in the 

oxygen isotope composition of planktonic foraminifera. 

Ciesielski et al. (1922) suggest that this climatic change 

increased the velocity of oceanic circulation which further 

intensified the Circumpolar Deep Water impinging on the 

Maurice Ewing Eank. 

Sharp biostratigraphic hiatuses are present within the 

PIio-Pleistocene section as determined by micropaleontologic 
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analyses of cores taken from the bank. All cores were 

previously dated (Cieslelski, 1978) based on their 

microfossil content using the high-latitude biostratigraphic 

zonations of the following workers: si1icof1agel late 

zonation of Ciesielski ( 1 975)» diatom zonations of McCollum 

(1975), Weaver (1976), Combos (1977), and Weaver and Combos 

(1981), and calcareous nannofossil zonations of Wise and 

Wine ( 1 977). Evidence for erosion of sediment from the MEB 

was based not only on the identification of various 

biostratigraphic hiatuses within the sedimentary section and 

subsequent estimates of stratigraphic section missing, but 

by changes in sediment lithologies. 

An early Pliocene amelioration of climate led to a 

resumption of deposition on the MEB between 4.5 and 3*9 m.y. 

E.P. Evidence for this improved climatic condition is given 

by the marine invasion of Taylor Valley, Antarctica. 

Additionally, Hayes and Opdyke ( 1 967), Bandy et al., (1971), 

and Ciesielski and Weaver (1974) suggest that near-surface 

temperatures were 5 to 10 C° higher than today, which would 

preclude the existence of the West Antarctic ice sheet and 

most grounded ice along the periphery of the East Antarctic 

continent at that time (Ciesielski et al., 1982). Their 

work was largely based on m i c r opal eontolog ic al data. A 

decrease in the velocity of the Antarctic Circumpolar 

Current (ACC) is linked with this period of climatic 

warming 
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The Gilbert and early Gauss chrons (H.0-3.2 m.y. D.P.) 

were characterized by a period of limited deposition, 

erosion, or non-depostion . An inferred increase in ACC 

velocity is associated with this interval. Throughout much 

of late Gauss time (2.8-2.4 m.y. 6.P.), bottom current 

velocities decreased allowing a renewal of deposition. 

Current velocities during the early Katuyama chron (2.4-2.2 

m.y. P.P.) waned as evidenced by limited deposition on the 

bank. A regional d isconformity between sediments of 2. C 

and 1.C m.y. E.P. was created by intensified ACC flow which 

increased most notably during the late Matuyama chron 

(1.2-1.0 m.y. B.P.). This increase in bottom current 

velocity is believed to have been caused by a deterioration 

of climate associated with the great Patagonian glaciation 

of southern Argentina (Mercer, 1C76). 

Between 1.0 and .7 m.y. E.P., the KEB was blanketed 

with a coarse, erosion resistant layer of ice-rafted debris 

(IRD). Although IRD first reached the bank in late Miocene 

time, it is believed that this interval marks the greatest 

input of glacially derived sediment to this region. The 

deposition of this poorly sorted material armoured the older 

sediment of the bank, thereby protecting it from subsequent 

erosion by bottom currents. 

Sedimentation on the MEE was intermittent during the 

Erunhes chron ( 7 2 0 , COO-Present) . During the last 200,COO 

years, deposition of carbonaceous ooze has dominated 
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sedimentation on the bank. This deposition of carbonate 

material indicates that the Polar Front shifted to the south 

during recent times, thus occupying its present position 

over the bank. 
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Purpose of Study 

The Maurice Ewing Dank of the Falkland Plateau provides 

a remarkably unique environment in which to study deep-sea 

clastic sedimentation. The marine sediments of the plateau 

span approximately 150 m.y., representing Mesozoic to 

Cenozoic time (Barker et al.f 1977). Thus, the geologic 

history of the area predates in part the separation of the 

plateau from the southeastern margin of Africa during the 

breakup of the southwest sector of Gond wanal and . In this 

light, the plateau has been in a geographical position to 

record significant tectonic, climatic, oceanographic, and 

depositional events, such as the opening of Drake Passage 

and subsequent establishment of circumpolar circulation, the 

severe late Miocene-ear1 y Pliocene glacial episode of 

Antarctica, and the initiation of ice-rafting, which have 

greatly influenced the sedimento1ogic history of this 

region. 

The geologic history of the area has largely been 

deciphered through the utilization of the vast amount of 

geological and geophysical data collected from the region. 

This study is predominantly concerned with the 

PI i o - P1 e i s t o c e n e to Recent sed imentologic history of the 

Maurice Ewing Bank. The various processes and events 

influencing the rather complex erosional and depositional 

history of the bank are discussed below in reference to the 

main objectives of this research. 
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A number of key sed imentological problems in the area 

of the Falkland Plateau have not been previously addressed. 

One of the more important questions concerns the existence 

of terrigenous deposits in this deep-sea environment. Since 

late Miocene time, terrigenous sediment has reached the 

study area predominantly by ice-rafting. Plafker et al. 

(1577) suggest that a minor component of fine-grained quartz 

material reached the area as early as Oligocène time in the 

form of wind transported glacial sediment. Evidence for 

this stems from observations of glacially sculptured quartz 

grains within the sediment. However, due to the marked 

geographic distance from major source areas and the 

generally coarse nature of the material, an eolian source of 

transport has been virtually discounted (Margolis and 

Kennett, 1571). Thus, it seems a reasonable assumption that 

all terrigenous sands and gravels have reached the study 

area as ice-rafted detritus (IRD). 

Visual examination of piston cores reveal the presence 

of widespread, coarse lag deposits and sand bodies on the 

Maurice Ewing Dank. Strong currents, developed primarily as 

a result of the opening of the Drake Passage, have 

effectively scoured the bank. The residual lags not only 

attest to the erosional prowess of these currrents, but 

reflect the winnowing of large volumes of fine sediment. 

The actual quantity of fine sediment removed, in addition to 

subsequent dispersal, is problematic. One purpose of this 
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study was to define the limits of sediment dispersal, as 

this will give some information on current strength and flow 

direction. In short, the sandy sediments on the Maurice 

Ewing Bank have undoubtedly been redistributed by bottom 

currents, and the depositional mechanisms involved in their 

emplacement were investigated during the course of this 

research. 

Further study of piston cores revealed that some of the 

sand bodies are indeed turbidites. This discovery adds to 

the uniqueness of this environment as this area is virtually 

devoid of characteristic topographic features, such as 

canyons, which provide avenues for turbidite deposition. 

Additionally, the timing of key tectonic and 

pa 1 eo c ir c ul a t i o n events of this region could perhaps be 

better understood if turbidite deposition was found to be 

episodic . 

The analytical approach taken in this study was that of 

using total grain size distributions to identify sediment 

transport mechanisms and current velocities acting at the 

benthic boundary layer. The Maurice Ewing Eank is ideally 

located for such study for several reasons. As was stated 

earlier, terrigenous material reached the study area in the 

form of ice-rafted detritus. In this fashion, this 

glacially derived material was delivered to the region in an 

unsorted state. Additionally, studies by Lisitsin (1950 

and others have shown that ice-rafted sediments range from 
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clay to boulder size. In a sense, the Maurice Ewing Bank 

can be considered a "natural flume" where unsorted sediments 

are introduced at the sed iment-water interface and 

subsequently left to the influence of bottom currents. The 

ability of a current in the marine environment to erode, 

sort, redistribute, and deposit sediment can thus be 

ex amined . 

Flume experiments have been conducted using unsorted 

sedimentary beds designed to resemble glacial deposits which 

blanket the Southern Ocean surrounding the Antarctic today 

(Singer and Anderson, 1984). Different transport modes were 

measured for varying particle sizes and current velocities. 

Both mixed and unmixed beds were used in order to determine 

the role of mixing in controlling ultimate grain size 

distributions. The results of these flume studies indicate 

that while the size of transported material is velocity 

dependent, the efficiency by which the original bed is 

sorted is greatly dependent upon the degree of sediment 

mixing. Therefore, application of the flume data, in 

conjunction with grain size analysis, should result in a 

greater understanding of the nature of those controlling 

agents, such as bottom currents, which influence the style 

of sediment transport on the Maurice Ewing Bank. 

Little doubt exists as to the importance of the opening 

of the Drake Passage on the sed imentologic history of the 

Maurice Ewing Bank and surrounding environs (Barker and 
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Burrell, 1ÇS2). Mot only does the opening of the Drake 

Passage have significance in terras of regional tectonics, 

but coincident with this opening was the creation of a 

complete circumpolar current (Barker and Eurrell, 1Ç77). 

The Antarctic Circumpolar Current (ACC) is the dominant 

current of the Southern Ocean today. Barker and Eurrell 

( 1 977 ) have estimated that seafloor spreading began 

approximately 29 m.y. ago and that the ACC was fully 

established at 23.5 m.y. (01igocene-Miocene boundary). 

Without question, the opening of the Drake Passage and the 

subsequent onset of circumpolar circulation greatly 

intensified bottom current activity throughout the region. 

The previously inferred pulses and waning events of the ACC 

during PI i o-Pl e i stocene time, however, have been causally 

linked to glacial and interglacial episodes respectively. 

If true, then these events should be recorded in the 

sedimentary record and reflected in the grain size data. 

Therefore, an additional objective of this study was to 

explore the possibility that the observed form of 

sedimentation is related to intensification of circumpolar 

currents resulting from climatic fluctuations. 

In summary, the use of grain size data to identify 

sediment transport modes and current velocities will not 

only provide meaningful information concerning the existing 

depositional environment of the Maurice Ewing Bank, but will 
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allow for interpretations of past and present oceanographic 

regimes acting within the region. 



METHODS 

This study is based on analysis of deep-sea sediment 

samples taken from sixty-five piston cores gathered on 

various cruises of the A.R.A. Islas Or cad as, U.S.H.S. 

Eltanin, Verna, and Robert Conrad. The Islas Orcadas and 

Eltanin cores are part of the Florida State University 

collection, while those from the Verna and Robert Conrad 

cruises are stored at the La m o n t-Do h er t y Ceological 

Observatory core facility. The vast majority of these cores 

have been described in considerable detail and assigned 

basal ages. Core sampling and additional descriptions were 

conducted at Florida State and Lamont-Doherty. The piston 

cores were sampled at 10 cm intervals. Some additional 

sampling was necessary in order to insure that changes in 

core lithology, sediment color, and texture were adequately 

represented in the data base. The majority of piston cores 

utilized in this study contain sand units. Coarse-grained 

deposits are often disturbed during the piston coring 

process, so those cores displaying evidence of severe 

washing or other disturbances were not used in this 

research. 

Visual descriptions were made with particular attention 

given to the presence or absence of grading, the amount of 

apparent matrix material, lag deposits, and the contact 

relationships between units. It should be noted that many 

of the cores are quite old and no longer refrigerated. 
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Therefore, many of the original contacts are undoubtedly 

obscured . 

Sediment textural analysis for samples from each core 

was conducted with the purpose of observing variations in 

sediment character which would reflect the mechanics of 

transport. Determinations were made using the Dice 

University Automated Sediment Analyzer (RUASA) system 

(Anderson and Kurtz, 1979). This system consists of 

combined settling tube and hydrophotometer analyses. A 

large settling tube was used for measurment of sand-sized 

material (-1.0 to *1.0 phi), while a smaller tube was used in 

analyzing coarse silt ( *1.0 to 6.0 phi). The hydrophotometer 

(Jordan et al., 1971), a photo-extinction device, was used 

in analysis of particles between 6.0 and 10.C phi. 

Measurment within the settling tubes is accomplished by 

direct weight sensing. The tubes are equipped with a strain 

gauge (universal transducing cell) from which a basal 

weighing pan is suspended. The weighing pans electonically 

sense impinging material and the output from the transducing 

cell is passed to a microcomputer which stores the raw data 

and subsequently converts weight versus time data into 

corresponding .25 phi grain size classes. In other words, 

the FUASA program converts settling velocity to size, given 

in phi units. The settling velocity is a hydrodynamic 

measure of a grain’s density, size, and shape. All settling 

velocities were determined in fresh water at 20° C. The 
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hydrodynamic equations used for grain size determinations 

are the Gibbs* equation (Gibbs et al., 1971) and Cden's 

formula (Krumbein and Pettijohn, 1938) for sand-sized and 

silt-sized particles respectively. 

The resulting data pertinent to this study include the 

percent gravel, sand, silt, and clay as well as the 

frequency and cumulative weight percent for each .25 phi 

increment of Grain size for each sample. Calculations for 

this data were based on originally inputed dry weight 

values. Additionally, this analysis provides graphic 

displays of frequency and cumulative size distribution 

curves as well as moment measures of mean grain size and 

standard deviation. Skewness and kurtosis values are also 

presented. Peproduceabil ity within the RUASA system of 

grain size parameters for sand-sized material is 

approximately 952, while that for the coarse silt fraction 

is on the order of 602. Sample preparation methods are 

described in Appendix I. 

Textural and m i n e r a 1 og i c a 1 characteristics of each 

sample were determined microscopically. Particular 

attention was given to grain shape, sorting, glauconite 

content, and the relative occurrence of fossils. Sediment 

lithologies were noted, yet the data obtained was not useful 

in terms of identifying source. The various mineralogies 

represented in the samples reflect a variety of similar 

source areas 
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Fo r am i n i f e r a , radiolaria, and diatoms from several 

cores were examined by Dr. Fichard Casey in order to 

determine whether fossils have been displaced downslope. 

Additionally, an attempt was made to identify zones of 

current scour on the Maurice Ewing Eank from 

mieropaleontologic information. 

Current velocities were assigned to all surface and 

down core samples in order to define present and past 

current regimes. The method used will be discussed in a 

subsequent chapter. 

Hydrographic data was collected and synthesized by 

Melody Clifford. The primary objective was to identify the 

positions of the various oceanographic fronts and water mass 

regimes in the region relative to the Maurice Ewing Eank. 

Temperature versus depth profiles were used to identify the 

fronts and water masses. Additionally, geostrophic velocity 

profiles were constructed for the study area. 

Seismic data provided by Lam o nt-Doherty Geological 

Observatory was used to establish the presence and 

distribution of slumps or other indications of slope 

instability. Additionally, this data was used to identify 

any physical conduits such as canyons and to examine the 

fine-scale topography over the Maurice Ewing Eank and 

Falkland Plateau. Bottom photographs were studied in order 

to observe bedforms and distributions of benthic organisms. 

Nephelometer data was compiled to identify the presence and 
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magnitude of the benthic nepheloid layer over the Maurice 

Ewing Eank. 



OCEANOGRAPHY 

General Setting 

Essential to any sed imentologic study is a thorough 

knowledge of those controlling agents primarily responsible 

for what is observed. The input of terrigenous material, 

bottom current strength, biogenic productivity, and test 

dissolution have greatly influenced sedimentation on the 

Maurice Ewing Eank. All are aspects of the general 

circulation of the region which is dominated by the 

Antarctic Circumpolar Current. Presented below is a 

description of the general oceanographic framework of the 

region followed by the presentation of hydrographic data 

pertinent to this study. 

Surface circulation in the Southern Ocean is 

characterized by several features. A westward flowing 

coastal current exists in a narrow zone adjacent to the 

Antarctic continent. This current, called the "East Wind 

Drift", is attributed to the prevailing easterly winds near 

the coast and plays an important role in the circulation of 

the Weddell and Ross Seas. The easterly winds are 

manifestations of polar air masses moving out to sea from 

Antarctica (Gordon, 1Ç67). North of the "East Wind Drift", 

the remainder of the Southern Ocean is dominated by a 

strong, deep eastward flowing current known as the Antarctic 

Circumpolar Current (ACC). The ACC extends northward to a 

32 



33 

position of approximately 40 degrees south latitude. The 

surface portion of this current is referred to as the "Vest 

Wind Drift", driven primarily by the prevailing westerly 

winds. There is a zone of divergence between the "East and 

West Wind Drifts" due to the Coriolis effect which deflects 

moving masses to the left in the Southern Hemisphere. The 

wind stress, along with the Coriolis force, contributes a 

northward component to the surface current of the ACC. As a 

result, colder, more dense Antarctic waters meet warmer 

waters further to the north, thus creating fronts 

(convergences) within the region. Below the wind-driven 

surface layer of the ACC, the density structure appears to 

be in geostrophic balance with the circulation (Pickard and 

Em e r y, 1982). 

The ACC is the most voluminous of ocean currents, and 

is restricted only in the relatively narrow Drake Passage. 

Gordon (1971) calculated the total geostrophic volume 

through the Drake Passage to be approximately 240 sverdrup 

units (1 sverdrup * 1 sv = 106 m3/s) . Bryden and Pillsbury 

(1977) obtained values ranging from 28 to 290 sv, with an 

average of 139 sv. These variations are thought to result 

from strong zonal jets at the major fronts where current 

speeds of 50 to 100 cm/sec have been observed (Pickard and 

Emery, 1982). In general, the velocity of the ACC is less 

than 25 cm/sec with little attenuation of motion to the 

bottom (Gordon, 1971). However, recent geostrophic profiles 
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from the Drake Passage (Nowlin and Clifford, 1982) show that 

there are considerable variations in surface velocities 

along with attenuation of motion with depth. This will be 

discussed more fully later in this chapter. 

The surface waters of the Southern Ocean have 

well-defined c h a r a c t e r i s t i c s . The differences noted in 

these waters have been used to create divisions within the 

region. Going north from Antarctica, the average sea 

surface temperature increases rather slowly until a region 

of rapid increase (2 to 3 degrees C) occurs. This region is 

known as the Antarctic Convergence or Antarctic Polar Front. 

Further north, the surface temperature again rises slowly 

until another region of rapid temperature increase 

(approximately 4 degrees C) occurs. Salinity also increases 

in this area by .5 parts per mil. This region is known as 

the Subtropical Convergence. In the Southwestern Atlantic, 

the Subtropical Convergence and the Antarctic Polar Front 

are positioned at 4 0 and 50 degrees south latitude 

respectively. 

These convergences divide the Southern Ocean into two 

distinct regions. The Antarctic Zone comprises that area 

from the continent to the Antarctic Polar Front, with 

surface temperatures between -1.9 and 1.0 degrees C in the 

winter and -1.C to 4 degrees C during the summer. The 

Subantarctic Zone represents that area between the Antarctic 

Polar Front and the Subtropical Convergence. This region is 
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characterized by surface water temperatures between *1.0 and 

10.C degrees C in the winter and up to I1! degrees C during 

the summer . 

Water Masses and Circulation Patterns 

Mot only is it important to understand the general 

oceanographic framework of the Southern Ocean, but it is 

essential to identify and define the specific water masses 

and circulation patterns present in the study area. 

Ciesielski ( 1 978 ) outlined the various water mass regimes 

and circulation patterns within the region. The direction 

and relative intensity of ACC flow were inferred from a 

regional study of bottom photographs, nephelometer profiles, 

and direct current measurements (Ciesielski, 1978). The 

following discussion draws largely from Ciesielski's study. 

The Pacific subantarctic and antarctic water masses are 

the predominant water masses in the study area. These 

waters are entrained in the easterly flowing Antarctic 

Circumpolar Current and enter the region through the Drake 

Passage. Waters from the Weddell Sea have been identified 

in the Georgia Basin. Since these waters have relatively 

little influence on the sedimentation of the Falkland 

Plateau or Maurice Ewing Bank, they will not be considered 

fur ther . 

The Subantarctic Surface Water (SASW), Antarctic 

Surface Water (ASW), Antarctic Intermediate Water (AIW), 
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Circumpolar Deep Water (CPDW), and the Antarctic Bottom 

Water (AABW) are the Pacific water masses which enter the 

study area (Gordon, 1967; Feid et al., 1977). The ASW, 

CPDW, and AABW are found at depth south of the Antarctic 

Polar Front. North of this convergence, the SASW, AIW, 

CPDW, and AABW occur from the surface to the bottom 

respec tivel y. 

The aforementioned water masses have specific 

characteristics which are outlined below. For more detailed 

descriptions, the reader is referred to Gordon (1967). The 

Antarctic Surface Water is a cold, low salinity mass with a 

basal temperature minimum layer. This water mass reaches a 

maximum depth of 200 meters and its northern limit is marked 

by the Antarctic Polar Front. Here, mixing occurs between 

the ASW and the SASW forming Antarctic Intermediate Water. 

ATlf/ sinks and flows northward beneath the SASW at depths of 

145 to 900 meters, and is characterized by a minimum 

salinity core (Herrera, 1973). The Circumpolar Deep Water 

is the largest single water mass in the ACC comprising 

nearly 50 percent of the total volume transport (Georgi, 

1981). The CPDW lies below the surface and intermediate 

waters at depths of 1000 to 3200 meters and is the 

predominant body of water moving over and impinging upon the 

Maurice Ewing Eank (Ciesielski et al., 1982). The CPDW is 

recognized by a temperature maximum and an oxygen minimum in 

the upper layer, while the lower layer is characterized by a 
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salinity maximum (Gordon, 1971). Ceorgi (1981) identifies 

this water mass by a maximum in the vertical salinity 

distribution which is attributed to the influence of North 

Atlantic Deep Water (NADW). Reid et al. ( 1 977) suggest that 

the differences between the two layers of the CPDW are due 

to lateral mixing of CPDW and NADW rather than to a clear 

division of CPDW by the southward moving NADW. CPDW 

circulates in an easterly direction as part of the ACC but 

has a distinctive velocity component to the south where it 

upwells at the Antarctic Divergence. The Subantarctic 

Surface Water occupies an area north of the Antarctic Polar 

Front where it flows to a depth of 200 meters. This water 

mass is characterized by a subsurface salinity maximum. The 

remaining water mass, the Antarctic Bottom Water, has its 

principle origin in the Weddell Sea. This extremely cold, 

highly saline water is formed by the mixing of upwelled CPDW 

with very saline surface waters which form from seasonal 

freezing of sea and shelf ice. The AABW sinks to abyssal 

depths and flows to the north. It is identified by an 

oxygen maximum and deep potential temperature minimum. 

The position of the ACC and its entrance into the 

Southwest Atlantic is largely controlled by both oceanic and 

continental topography (Kennett, 1982). As shown in Figure 

2, the ACC passes through the Drake Passage, then enters the 

study area chiefly through a gap in the North Scotia Ridge 

at i?9 degrees west longitude (Gordon et al., 1977; Reid et 
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Figure 2. Inferred bottom current flow over the Falkland 
Plateau and adjacent environs (after Ciesielski, 
1978). 
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al., 1977). Shallower waters of the ACC enter the Southwest 

Atlantic through a gap between Eurwood Eank and Isla de los 

Estados. Ciesielski (1978) suggests that the highly 

variable bathymetry of the North Scotia Pidge is the 

singlemost important factor influencing the path of the ACC. 

The nearly uniform west to east flow of this current is 

disrupted into a complex array of multidirectional flow 

north and east of the ridge (Fig. 2). 

Johnson (1973) states that the SASW and AIW move over 

Eurwood Eank and bathe the shallow upper continental slope 

east of the Falkland Islands. These shallow water masses, 

extending to a depth of 400 meters, comprise the Cape Horn 

Current within the Drake Passage. That portion of the 

current passing to the west of the Falkland Islands is 

referred to as the Falkland Current. The ASW and CPDW 

generally flow to the east of Eurwood Bank. 

The lower CPDW is the predominant water mass flowing 

over the Falkland Plateau and Maurice Ewing Bank (Gordon, 

1967; Gordon and Molinelli, 1975; and Reid et al., 1977). 

The salinity maximum, characterizing the lower CPDW, is 

found in the 49 degree west longitude gap in the North 

Scotia Pidge at 2000-3000 meters depth. As this water moves 

through the gap it turns to the west and flows northward 

over the saddle portion of the Falkland Plateau and lower 

continental slope (Fig. 2). Between 49 and 52 degrees south 

latitude, this water mass turns to the east and impinges 
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upon the more northerly portion of the Falkland Plateau and 

Maurice Ewing Bank. The lower CPDW flows around the flanks 

of the KEB but does not occur above 20C0 meters (Ciesielski, 

1978 ). This is supported by salinity measurements. The 

upper portion of the MEB is under the influence of the 

bottom waters of the upper CPDW. Both the upper and lower 

CPDW have similar flow characteristics. It has been 

suggested that AABW may flow through the gap at 49 degrees 

west longitude and down the Falkland Trough into the Ceorgia 

Easin. However, this has not been documented and it is 

doubtful that AABW has any influence on sedimentation over 

the Falkland Plateau and adjacent Maurice Ewing Bank. 

Hydrographic Data 

The concept of zonation within the Antarctic 

Circumpolar Current has received much attention during 

recent years. Although the initial idea began with the 

discovery of a surface temperature gradient separating 

Antarctic from Subantarctic waters (Meinardus, 1923)» 

current knowledge largely comes from research done in 

conjunction with the International Southern Ocean Studies 

(ISOS) program (Nowlin et al., 1977; Whitworth, 1980; 

Whitworth et al., 1982; Nowlin and Clifford, 1982; and 

others) . 

As part of ISOS, transects were made across Drake 

Passage between 1975 and 1982. Eased on hydrographic and 
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XET data, the Antarctic Circumpolar Current at Drake Passage 

is shown to consist of distinct water mass regimes separated 

by fronts (Fig. 3)« Following the nomenclature of Whitworth 

(1980), the water mass regimes and fronts from north to 

south in the passage are: Subantarctic Zone (SAZ) , 

Subantarctic Front (SAF), Polar Frontal Zone (PFZ), Polar 

Front (PF), Antarctic Zone (AAZ), Continental Water Boundary 

( CWB) , and Continental Zone (CZ). The fronts are identified 

by large density gradients and high geostrophic speeds 

relative to the water mass regimes (Nowlin et al., 1977; 

Baker et al., 1977). These features extend through the 

entire depth of the water column. The water mass regimes 

are identified by distinct temperature-sa 1inity 

relationships in near-surface waters as well as different 

depths of common temperature-salinity characteristics in 

deeper waters (Whitworth, 1980). 

Coincident with zonation studies of the ACC, Nowlin and 

Clifford ( 1 982 ) examined cros s-fronta 1 differences in 

property distributions and determined major features of the 

fronts and water mass regimes such as frontal widths and 

relative geostrophic speeds. Of particular importance to 

this study was to compare physical properties and 

geostrophic velocity profiles of various water mass regimes 

and fronts within the Drake Passage to similar data 

constructed from hydrographic stations over the Maurice 
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Figure 3. Schematic representation of water mass regimes 
and fronts across Drake Passage (from Nowlin and 
Clifford, 1982). 
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Ewing Bank. In this fashion, the bank can be spatially 

located within the Antarctic Circumpolar Current system. 

Figure 4 is a map of the study area showing transect 

lines, hydrographic stations, and positions of the 

Subantarctic and Polar Fronts. Transects were made from 

1927 to 1978 and come from data presented in the Southern 

Ocean Atlas (Gordon and Molinelll, 1982). North-south 

transects were constructed with stations from the same 

cruise; or a transect was divided into two sections with 

data on each section being from a similar cruise. East-west 

transects do not allow for identifications of fronts. 

Station locations are indicated by solid dots. 

The positions of the Subantarctic Front and Polar Front 

are indicated by the thick solid and dashed lines 

respectively. As stated earlier, these frontal positions 

are most correctly identified by horizontal and vertical 

density gradients. The fronts were also identified by 

features in the property distributions that correspond to 

specific density gradients. Question marks on the frontal 

widths indicate that the side of the front cannot clearly be 

identified. In general, the selected widths of the fronts 

will be larger than the actual widths since the transects 

are not necessarily normal to the fronts. Additionally, 

frontal widths could have been narrowed further had the 

station locations been closer (Clifford, per comm.). 
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Figure 4 Bathymetric 
hydrographic 

map of the 
stations, 

Maurice Ewing Bank showing 
cruise transect lines( and 

positions of the Subantarctic and Polar Fronts 
(data provided by M. Clifford). Transect lines 
are indicated by thin, black lines. The 
Subantarctic and Polar Fronts are shown by the 
thick, solid and dashed lines respectively. 
Hydrographic stations within the Subantarctic 
Front, Polar Frontal Zone, and Polar Front are 
indicated by the triangles, circles, and boxes 
respectively. 
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As evidenced by data presented in Figure 4, the SAF 

lies to the north of the Maurice Ewing Fank while the PF is 

situated south of the bank. Therefore, the MEB is spatially 

located within the Polar Frontal Zone, or at least has been 

in this position during the period in which the transects 

were taken. The SAF and PF are known to migrate so the 

relative positions of the fronts and water masss regimes are 

not fixed in position. The actual distance over which these 

boundaries vary has not been determined. 

Further evidence supporting the position of the Maurice 

Ewing Bank within the Polar Frontal zone is demonstrated by 

comparing temperature versus depth profiles plotted for 

stations over the bank and adjacent environs with those 

previously constructed from the Drake Passage (Nowlin and 

Clifford, 1 982 ). Figure 5 presents temperature vs. depth 

profiles from the Drake Passage. Profiles were constructed 

from stations located north of the Subantarctic Front (Fig. 

Ça) and south of the Polar Front (Fig. 5b). The contrast 

between warmer waters of the SAZ and colder waters of the 

AAZ are clearly evident. Profiles from stations located 

within the Polar Frontal Zone (south of the SAF and north of 

the PF ) are presented in Figures 5c and 5d. These 

temperatures, generally between 1 and 4 degrees C, are 

intermediate in nature. 

Stations used to construct temperature vs. depth 

profiles for the Maurice Ewing Bank and adjacent environs 
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Figure 5. Representative vertical profiles of temperature 
from- stations north (A) of the Subantarctic 
Front, south (B) of the Polar Front, south ( C) 
of the Subantarctic Front, and north (D) of the 
Polar Front in Drake Passage (after Nowlin and 
Clifford, 1982). The Polar Frontal Zone is 
defined as that region south of the Subantarctic 
Front and north of the Polar Front. 
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are shown in Figure 4. The circled stations indicate 

stations with similar profiles to the Polar Frontal Zone 

from Drake Passage. Boxed stations indicate slightly colder 

temperatures (nearer or in the Polar Front) than those in 

the PFZ, and the triangled stations are associated with the 

warmer waters of the SAF. 

Temperature versus depth profiles constructed from 

stations located in the vicinity of the Maurice Ewing Eank 

are presented in Figure 6. The profiles displayed in 

Figures 6a and 6b are Indicative of waters associated with 

the PF (boxed stations) and SAF (triangled stations) 

respectively, and can be directly compared to Figures 5a and 

5b from similar areas in the Drake Passage. Profiles from 

data stations located in the Polar Frontal Zone (circled 

stations), directly over the Maurice Ewing Bank, are 

presented in Figures 6c and 6d. Direct comparisons with 

Figures 5c and 5d from the Drake Passage show a close 

similarity, thus supporting the position of the MEB within 

the Polar Frontal Zone. 

In the Drake Passage, the water mass zones are nearly 

uniform in temperature and salinity from year to year 

(Nowlin and Clifford, 1982). The exception is within the 

PFZ, particularly in the upper 750 meters . The Polar 

Frontal Zone is a transition zone between Subantarctic and 

Antarctic waters. Enhanced mixing activity characterizes 

this zone, thus accounting for the variablity of certain 
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Figure 6. Representative vertical profiles of temperature 
from stations within the Polar Front (A), 
Subantarctic Front ( E) , and Polar Frontal Zone 
(C & D) over the Maurice Ewing Bank (data 
provided by M. Clifford). Station locations 
within the Polar Front (boxes), Subantarctic 
Front (triangles), and Polar Frontal Zone 
(circles) are given in Figure 4. 
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physical properties. Over the Maurice Ewing Eank, waters of 

the Polar Frontal Zone display similar variations in 

temperature. 

Geostrophic velocity profiles were calculated for 

stations over the Maurice Ewing Bank. Similar profiles have 

been constructed in the Drake Passage (Nowlin and Clifford, 

1$S2). /.gain, comparisons were made in order to identify 

the position of the MEB within the ACC based on geostrophic 

speeds. Additionally, since direct current meter data from 

the region is limited, determinations of geostrophic 

velocities not only provide for greater understanding of the 

strength of current regimes acting within this area, but it 

allows for relationships to be drawn between sedimentation 

and known oceanographic parameters. 

All geostrophic speeds from the Drake Passage were 

calculated relative to 2500 meters and the profiles 

represent components of velocity normal to station pairs. 

Profiles calculated from station pairs in the Polar Front 

are given in Figure 7. Speeds range from 25 to 4 5 cm/sec in 

the upper 5 0 0 meters. Figure 8 shows profiles from the 

Subantaretic Front. Again, speeds fall within the 25 to 45 

cm/sec range. The SAF, however, shows greater speeds with 

depth than the PF. Figures 9 and 10 are vertical profiles 

constructed for stations in the Polar Frontal Zone. The 

geostrophic shear is less than in the SAF or PF, with speeds 

on the order of 5 to 10 cm/sec. Additionally, the profiles 
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Figure 7 Representative vertical profiles of 
speeds for the Polar Front in Drake 
(from Nowlin and Clifford, 1982). 

geostrophic 
Passage 
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Figure 8. Representative vertical profiles of geostrophic 
speeds for the Subantarctic Front in Drake 
Passage (from Wowlin and Clifford, 1982). 
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Figure 9. Representative vertical profiles of geostrophic 
speeds for the Polar Frontal Zone in Drake 
Passage (data provided by M. Clifford). 
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Figure 10. Representative vertical profiles of geostrophic 
speeds for the Polar Frontal Zone in Drake 
Passage (data provided by M. Clifford). 
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from the PFZ show more uniform velocity distributions 

throughout the water column, with less attenuation with 

depth. Mean geostrophic speeds for the PFZ, PF, and SAF are 

given in Figure 11. 

Ceostrophic speed profiles from the Maurice Ewing Bank 

were calculated to the greatest common depth of station 

pairs. Not all profiles extend to 2500 meters. MEB 

geostrophic velocity profiles (Fig. 12) are similar to those 

from the Drake Passage, as is demonstrated by comparing 

Figure 12 with Figures 9 and 10. Speeds are somewhat slower 

over the Maurice Ewing Bank, yet we see the uniform 

distribution with depth as in the Drake Passage. As was the 

case for temperature vs. depth profiles, calculations of 

geostrophic speeds over the bank place the Maurice Ewing 

Bank within the Polar Frontal Zone. 

It must be remembered that geostrophic calculations are 

spatial averages of flow perpendicular to two hydrographic 

stations (Clifford, per comm.). The velocities are 

representative of actual speeds only to the extent that the 

actual flow is geostrophic - this is not known, only 

assumed. Direct current meter speeds are point measurements 

rather than spatial averages and contain the entire spectrum 

of motion, both ageostrophic and geostrophic (Clifford, per 

comm.). Several current meter mourings have been deployed 

in the Polar Frontal Zone in Drake Passage (Clifford, per 

comm.). Most were lost and those that were recovered 
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Figure 11. Vertical profiles of mean geostrophic speeds 
for the Polar Frontal Zone, Polar Front, and 
Subantarctic Front in Drake Passage (data 
provided by M. Clifford). 
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Figure 12 Repr ese nta tiv e v er tic al profiles o f geostrophic 
speed s for the Polar Frontal Zone over the 
Maurice Ewing Bank (d ata provided by H. 
Clifford) . Profiles were construe ted from 
circled St atio ns (Fig . «). 
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indicated mean speeds of 1 to 3 cm/sec, somewhat lower than 

would be expected. Mo current meters have been deployed 

over the Maurice Ewing Bank. 

In summary, the Maurice Ewing Bank is situated within 

the Polar Frontal Zone. This zone is a transitional area 

between Subantarctic and Antarctic waters and is 

characterized by greater variability of certain physical 

properties. Geostrophic velocity profiles show current 

speeds of 5-10 cm/sec for the PFZ which is in sharp contrast 

to the higher velocities observed for the Subantarctic and 

Polar Fronts. 



BOTTOM PHOTOGRAPHY AND NEPHELOMETRY DATA 

Bottom Photographs 

Eottom photographs from Robert Conrad and Verna stations 

were studied in order to identify bedforms and the extent of 

benthic organisms within the study area. Station locations 

were selected for the Maurice Ewing Eank, the central 

portion of the Falkland Plateau, the Falkland Trough, and 

the Falkland Escarpment (Fig. 13). Bottom current 

velocities, utilizing the criteria of Heezen and Hollister 

(19 6*1, 1971), have been inferred for the area based on 

regional studies of bottom photographs (Ciesielski, 1978). 

Ripples, manganese pavement, outcrop with little or no 

sediment cover, and current smoothed sediment are the 

general bottom types which characterize the region. Tracks 

and trails of benthic organisms are seen in many of the 

photographs. The most striking evidence of current activity 

is seen in bottom photographs from the Drake Passage. 

Intensely rippled bottoms, manganese nodule fields, and 

outcrop with virtually no sediment cover are observed. 

Bottom current velocities between 30 and 50 cm/sec have been 

inferred for this area (Ciesielski, 1978). Camera stations 

from Burwood Eank and the Argentine continental slope and 

rise, near Tierra del Fuego, display ripples of coarse sand, 

indicative of current velocities of approximately 20 cm/sec 

(Ciesielski, 1978) 
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Figure 12 Location map of bottom 
Maurice Ewing Bank. 

camera stations over the 
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A variety of bottom forms and organisms are seen in the 

study area. This is not surprising since the Antarctic 

Circumpolar Current is disrupted into multi-directional flow 

upon entering the area through the *19° W gap in the Worth 

Scotia Pidge. In general, bottom photographs from the 

Falkland Trough show evidence for strong current flow. 

Deflected sessile organisms, current smoothing, ripples, 

outcrop, and manganese nodules provide evidence for lively 

bottom currents. Current lineations and sediment trails 

observed in bottom photographs for Robert Conrad stations 

16-K104 and 18-K1 indicate an easterly flow of N75°E and 

K90°E (Ciesielski, 1978). Ciesielski (1978) reports that 

the sediments of the Falkland Trough lack fine-grained 

material, thus bottom velocities between 10 and 30 cm/sec 

were inferred. Bottom photographs from stations FC15-K102 

and V31-K36 of the Falkland Escarpment show ripples, current 

smoothed sediment, outcrop, and sparse fauna of 

filter-feeding organisms, indicative of strong bottom flow. 

Bottom photographs from stations V18-K30 and V18-K29 of 

the Falkland Plateau, FC18-K9 of the Falkland Trough, and 

V21-K36 of the Falkland Escarpment are presented in Figures 

1t(A-D respectively. Fipples and outcrop with little 

sediment cover are evident and indicate strong bottom flow. 

Analysis of grain size data from these areas provides 

additional evidence for bottom current activity. Figures 

15A-D represent bottom photographs from stations FC16-K1C3» 
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Figure 1H. Bottom photographs from camera stations V18-K30 
(A) .and V1E-K29 fE) over the Falkland Plateau, 
FC1E-K9 (C) from the Falkland Trough, and 
V31 -K36 (D) from the Falkland Escarpment. 
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RC15-K73* RC16-K106, and V14-K26 over the Maurice Ewing 

Bank. A slightly current smoothed seafloor is observed and 

velocities of 5 to 10 cm/sec were inferred (Ciesielski, 

1978). The presence of tracks and trails provide evidence 

for benthic organisms on the bank. 

Mephelomcter Profiles 

Nephelometer profiles of approximately 25 stations from 

the Maurice Ewing Bank and adjacent environs are discussed 

below. Bata was provided from Lamont-Doherty Geological 

Observatory Technical Reports of Robert Conrad cruises 15 

and 16 (Sullivan et al., 1973, 1975). Additional profiles 

from Robert Conrad cruise 18 and Verna cruise 31 were 

obtained . 

In general terms, a nephelometer compares scattered 

light, caused by particles in suspension, with unscattered 

and attenuated light from the same source. The data results 

in a scattering index which indicates the relative turbidity 

of the water at various depths (Eiscaye and Eittreim, 1977). 

Nephelometer profiles, therefore, are simply graphic 

displays of the intensity of light scattering in the water 

column caused by suspended particles. 

Nephelometer profiles were utilized in this study to 

determine the extent of suspended sediment over the Maurice 

Ewing Bank. Of particular importance is the benthic 

nepheloid layer (PNL). Biscaye and Eittreim (1977) report 
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that suspended sediment is supplied to the nepheloid layer 

by turbidity and contour currents, which inject suspended 

particulates into the lower water column, and by the erosive 

action of bottom currents. The later is the most likely 

process occurring over the Maurice Ewing Eank. 

Figure 16 shows the location of nephelometer stations 

over the study area. The thickness of the benthic nepheloid 

layer and depth to the top of the layer are also shown in 

Figure 16. The nepheloid layer thickness, as defined by 

Ewing et al. (1571), is measured from the seafloor to the 

first departure from clearest water. The nephelometer 

profiles from this region are characterized by high surface 

scattering, a mid-water minimum, and a benthic boundary 

layer. The scattering in surface waters is largely due to 

large biological standing crops which are controlled by the 

nutrient supply via continental runoff, upwelling, and 

seasonal mixing of productive coastal waters (Biscaye and 

Eittreim, 1577). The clear water minimum at mid-depths is 

due to dissolution and decomposition of suspended 

particulate matter as well as rapid transfer of surface 

particulates to the seafloor. 

A distinct benthic nepheloid layer is seen throughout 

the area. The Falkland Trough displays a BNL with an 

average tl lekness of 500 meters. Undoubtedly, suspended 

particulates in the trough have their origin from the 

Argentine continental shelf and slope and are carried down 
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Figure 16 Location map of nephelometer stations from the 
Maurice Ewing Bank. 
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the trough via eastward flowing bottom currents. 

Nephelometer profiles from the central portion of the 

Falkland Plateau show a strong, distinct ENL. Ciesielski 

( 1 978 ) suggests that currents in excess of 20 cm/sec are 

probably necessary to produce this strong, thick BKL, 

although studies by Middleton and Southard (1S77) show that 

silts and clays can be effectively suspended by velocities 

of less than tl cm/sec. Profiles from the Falkland 

Escarpment generally show a weak ENL or the complete absence 

of one. Bottom photographs from this area show 

sediment-free outcrop indicating a lack of available 

sediment. Nephelometer profiles from stations RC15-N60, 

PC15-N62, FC16-N91», and RC16-N97 over the Maurice Ewing Eank 

display a distinct, but not prominant, ENL with an average 

thickness of 200 meters (Fig. 17). 

Tn summary, a diffuse bottom nepheloid layer occurs 

over the MEB as well as along its flanks and adjoining 

basins. The multibathic distribution of this feature 

implies that it is not associated with a specific water mass 

boundary. Indeed, physical oceanographic data indicate 

diminishing velocity with depth over and immediately around 

the bank. Whether this ENL reflects resuspension by strong 

bottom currents, as implied by Ciesielski (1978), or other 

bottom processes is unclear given the fact that the size and 

concentration of sediment in this layer is unknown; silt and 



84 

Figure 17 Nephelometer profiles from stations located over 
the Maurice Ewing Bank. 



D
ep

th
 (
m

)
 
D

e
p

t
h

 (
m

) 

85 

MAURICE EWING BANK 

1000 

RC 15 N-60 

HORIZ. SCALE 
I I I I I I 
0 .2 .4 .6 .8 1.0 

LOG E/ED 

1000 

o. © 
o 

2000 

3000 

RC 15 N-62 

1000 

2000 

RC 16 N-94 

£ 1000 Q. 
® 
a 

2000*- 

RC 16 N-97 

•• 



86 

clay-sized particles are maintained in suspension at very 

low velocities (less than *1 cm/sec). 



SEDIMENTOLOGY 

General Remarks 

One of the primary objectives of this study was to 

investigate sedimentary processes responsible for deep-sea 

sand occurrences in the vicinity of the Falkland Plateau. 

It has been well established that terrigenous material 

reached this region via ice-rafting (Plafker et al., 1977; 

Bornhold, 1983)» yet the mechanisms involved in the sorting, 

redistribution, and ultimate deposition of this glacially 

derived sediment is an important sedimentologic problem of 

this area which has not been previously addressed. 

The principal criteria generally used to interpret 

sedimentary environments are fossil assemblages, sedimentary 

structures, and grain size data (Anderson et al., 1982). 

Although there has been some debate concerning the use of 

grain size to interpret the sedimentary record, its high 

preservation potential makes it most suitable for 

sedinentologlc studies. The analytical approach taken in 

this research involved the study of grain size data from 

approximately 500 piston core samples. The purpose of 

conducting sediment textural analysis is to observe 

variations in sediment character which reflect the mechanics 

of transport. Additionally, indirect measurements of 

current velocities, bottom photographs, and nephelometer 

profiles were used in conjunction with grain size data to 

87 



88 

aid in deciphering the sed imentologic environment of this 

reg ion. 

Prior work with grain size data centered principally on 

various statistical parameters such as mean grain size, 

standard deviation (sorting), skewness, and kurtosis (Folk 

and Ward, 1957; Passega, 1957; Mason and Folk, 1958; 

Friedman, 1961» 1967; Koldijk, 1968; and Moiola and Weiser, 

1 968 ). The object of this approach was to measure 

properties which may be sensitive to environmental changes. 

Typically, two-dimensional scatter diagrams plotting one 

parameter against another have been used, although studies 

by Anderson et al. (1982) show the limitations of this 

method. Visher (1969) vastly added to our understanding of 

grain size analysis and its utilization for environmental 

interpretation by recognizing distinct modes within grain 

size distributions of sand samples. These modes, or 

populations, represent the products of different transport 

mechanisms (traction, saltation, and suspension). Visher 

typically presented his data in the form of cumulative 

percent curves plotted on probability paper (log normal 

plots), and from this information he determined that various 

environments could be differentiated on the basis of 

relative concentrations of transport modes. Studies by 

Anderson et al. (1982) show, however, that the Visher plots 

are often not sensitive enough to truly distinguish between 

all types of sedimentary environments. From their 
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investigations of modern and ancient sand samples, they 

concluded that the various transport mechanisms are 

important processes with regard to sediment transport in 

virtually all environments, yet overlaps exist between these 

processes which ultimately influence the overall grain size 

distributions of sand bodies. Furthermore, they suggest 

that the influence of any particular transport mechanism is 

a function of energy conditions, sediment concentrations, 

source, and sedimentation rates. 

Description and Distribution of Surface Sediment 

Figure 18 is a bathymetric map of the study area which 

shows the location of Eltanin, Islas Orcadas, Robert Conrad, 

and Verna cores used in this research. The vast majority of 

samples were taken from cores collected from or immediately 

adjacent to the Maurice Ewing Bank. Additional sampling was 

done with cores recovered from the Falkland Trough, the 

central and western portion of the Falkland Plateau, and the 

southern part of the Argentine Basin. Table 1 gives the 

location, water depth, and basal lithology and age of each 

piston core utilized in this research. 

The sediment lithologies of each piston core used in 

this study have previously been described. All Islas 

Orcadas cores were described by a curatorial team at Florida 

State University. The sediment classification scheme used 

is based upon megascopic core examinations, smear-slides, 
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. Location map of 
this study. 

pi ston cores utilized in Figure 18 



91 

M
o
0
f

r 
M

o Sfr 



G
o
r
e
 
l
a
t
i
t
u
d
e
 

L
o
n
g
it

u
d
e
 

D
ep

th
 

B
a
sa

l 
S

e
d

i
m

e
n

t
 B

a
s
a
l
 

A
ge

 
 

(S
_)
 

(W
) 

(M
_)
 

L
it

h
o

lo
g

y
 

 

E
L

6
-
2

 
5

3
-
0

2
 
5

9
-
5

2
 
3

5
4
 

M
ud

dy
 
S

a
n
d
 
N

o
 

D
e
t.

 

92 

0 0 £ 
0 0 G G 0 0 0 0 
SH a 0 U 0 o £ £ £ 
0 0 o cd O o 0 0 0 0 • • • o o o * • • £ o bo O o a £ p -P p o o •H P P P •H •H O o o 0 0 0 0 •H H 0 0 0 0 P i—j •H •H •H a 

p P p s P P P P p P O s S o 
cd •H o o o • • • o O O £ • • • • • «H 

P p £5 p P P P P P O' P P p p P P 

CQ 

0 0 0 o 0 N N N 0 CS3 O O o o o O O o •H o £ 
P o O P p • •H o £ £ 0 0 p CO £ • p s £ > T> > 0 cd £ -p w cd cd XJ cd £ cd tSJ •H cd cd cd £5 P £ U cd U o P >> IP •H P s o CO o o P P * * P «% P •k 

P • • • >> >> >> 0 o >> 0 • •k 
P >> P p p xJ p X* > £ xi > 0 P • 0 cd cd cd cd cd £ X* p g cd £ cd N cd P P P •H •H •H Cu £ •H cd £ cd £ U o P cd CO o o p P P CO CO CO o p S O o P P 

A <*— CM A 00 O T- A 00 CA VO LA 
CM A CA o VO A CM VO cr\ CM A CM LA CM 
CM o VO CM CM o CM CM o VO r- LA CM 00 LA 
5— CM in T— A T- CM CA CM CM CM CM CM 

LA CM VO A VO tA CM o *3" 00 CA o tA v- 
IA LA o LA o CM tA o LA tA CM tA 

1 1 1 1 • 1 1 1 | 1 i 1 1 1 | 
LA O A A cA LA tA t> o tA VO VO vo t> 
LA "'3" tA VO VO VO 

O 00 l>- VO O LA CM T“ T“ CM A A CM VO A 
O O O tA tA LA A A A A r— A A A A 

1 1 1 1 1 1 | 1 1 1 1 | 1 1 | 
tA 00 O o CA A CM CM CA (A O o O o o 

LA LA LA LA A A LA A A A A A 

CM A CM A 
^— A A A A 
| 1 1 1 1 1 1 

CM A A A A A A A A 

A 00 
A A A t- C- r- r- r- t> D- 

A CM A 1 1 1 r- O* i>- r- t> t> 
1 1 1 1 1 1 T— v- >t— o o o o o o o 

vo VO 00 CA CA CA T“~ ^— x— i 1 i i i 1 | 
P P p P P P P P P o o o o o o o P p p P P P P P P M p M M M M M 1

0
-1

1
7
6
-9
 

5
0
-1

0
 

4
2
-1

7
 

14
41
 

N
an

no
 

O
oz

e 
M

. 
M

io
ce

n
e 

10
-1

17
6—

10
 

5
0

-0
6
 

4
1

-0
7
 

16
35
 

D
ia

t.
, 

N
an

no
 

O
oz

e 
L

. 
M

io
ce

n
e 

1
0
-1

1
7
6
-1

2
 

5
0

-0
4
 

4
0

-3
9
 

2
0
8
8
 

R
a
d

.,
 

D
ia

t.
 

M
ud
 

L
. 

E
o
ce

n
e 



0 0 0 
PI jq 

<D CD 0 0 0 0 0 0 
CD n « £ « O 0 0 
£ CD CD »-*> CD CD 0 0 0 0 0 >> O 0 0 

0 CD O G U « O S £ O 0 0 0 0 O ^i -p -p 
bû a O CD cd CD O 0 0 O O £ « O cd CQ m ra 
< 0 bQ O G O • fciO • O O 0 • 0 0 0 0 b0 S •ri •H • •H 

•H •H O U O -P •ri -P O O P -P P O a O •ri 0 0 •P 0 
P iH •H CD •H 0) rH 0 •H •H cd 0 id O 0 O P 0 P P 0 P 

Cd O -P p O P S P P P « W w O •p P P P P 
W cd cd 
cd • • • 3 • 0 • O • • • O • • • • • • • O • 

PQ P P s a* P É3 P S3 s s P P P P P cr P P & P 

0 CD 0 0 
0 
esq 0 0 0 

Csl N T3 N CM 0 0 N tsi N >> 
T3 0 O q O 0 N O O 0 O cd 

-p 3 0 O 3 O 0 O O O O P 
« >> CO >5 O >; 0 0 
CD 0 • cd cd O 0 cd G O 0 O p 
£ ^ « £ -P P 0 P 3 G • P £ £ a CÎ 0 • 

•H -P CD « cd 0 •ri 0 
S 

q O O cd £ q 0 q > T? 
T? O 03 bQ cd P -P CO P É5 cd 3 N 3 cd cd 

CD P •H O & P 0 •H 0 525 S cd O Ï25 & O Pi P 
CO O P O •H £ •H 0 ♦H ». O ci? 

•k •t -P O -P » -P • •k 9k * •k 
P -P •» • • >> •ri O •H • • * •H S • • O • >> >> 
Cd *H • *P -P X3 X3 P 3 P •P -P • P cd -p -P « •p T3 5>> >> T3 >> 
w p T3 cd cd £ TJ O cd O cd cd X3 O ^i cd cd q cd PI cd cd q cd 
cd cd •H •H cd 2 CD P 0 •H •ri cd 0 0 •ri •H 3 •ri cd P P 3 P 

PQ PH P P CO CSJ O esq P P « CS3 P P P s P CO 0 0 CO a 

rC in in CM O tn 0 CM CM cn cn CM in VO ^d- cn 00 CM in O CM 
^d- CM VO CM O VO in 00 T— vo CM CM in O CM cn cn cn T“ VO CM cn 

PÆ tn P- CM in D- CM in T— O P- ^^d- vo vo VO vo in C"~ O t> in vf 
CDw 
P 

CD 
T3 

CNJ CM CM CM CM CM CM CM CM CM CM CM ^— T“ T” T~ VO in in in 

3 O cn CM tn cn tn CM CM ^d- cn VO vo "M- 00 T“ in VO O 00 tn O 
■P--> v— in cn O in *sf ^d“ in CM CM tn cn — ^d“ cn in tn tn 0 
•H 1 • 1 1 l 1 1 1 1 • l 1 1 1 1 1 1 l 1 1 l 1 

ÏP- VO VO t> VO in in in in in in in cn CM CM CM T~ VO CM T— T— 

£ ’■M' ^d" •^d* ^d- ^4- ^d" "M" 
O 
Pi 

CD 
T3 
2 cn r- T~ CM CTN CM O r- O in cn in C- tn O 00 cn vd- O 00 
•P*~N T— CM CM T— O in X— •5— T“ T“ in O O in T-“ •«3- CM in 
•H CO 1 1 1 1 1 1 1 l 1 1 1 1 | 1 1 1 1 I 1 1 1 l 
-Pw cn O O O v— T“ T- v~ 0 0 O O O cn O O cn cn 00 00 cn 00 
03 in in in in in in in in in in in in ^d- m in **d“ ^d“ ^d- 
Pi 

00 cn cn vo 00 cn O ■*d- in vo cn in vo 00 
T~ T~ CM CM CM CM CM CM cn m tn cn ,,vf ^d“ ^d* in 

1 1 l 1 1 1 1 1 l 1 l 1 l 1 1 1 1 1 
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 •sd- t> 00 cn 
c- r*- 0 o- r- l> t> r- 0 t- c- r- t> t> r- c- P* t> VO VO vo vo 
VQ VO VO VO VO VO VO vo VO vo vo vo vo VO vo vo VO VO 1 1 1 1 

CD — r- r* T~ T—' T“ T— T“ r* x— T“ T~ V" r* V“* T~ T*” n— v— T“ T~ 
u 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 | 1 1 T— r— 
0 0 O O O O 0 0 O O O O O 0 O O O 0 O O O O O 
0 P Pi Pi Pi Pi Pi M P P Pi M M M Pi P M M M P PCS P P 



C
o
r
e
 
L
a
t
i
t
u
d
e
 
L
o
n
g
i
t
u
d
e
 
D
e
p
t
h
 
B
a
s
a
l
 
S
e
d
i
m
e
n
t
 
B
a
s
a
l
 
A
g
e
 

 
(_
Sj
 

(
W
)
 
 

L
i
t
h
o
l
o
g
y
 

 

R
C

1
1

-
7

1
 4

9
-
0
8
 5

7
-
2
5
 5

5
3
7
 S

a
n

d
y

 C
l
a

y
 U

. 
P

li
o

ce
n

e 
R

C
1

5
-
8

2
 5

2
-
2

4
 4

9
-
1

1
 3

2
9

2
 S

a
n

d
y

 C
la

y
 M

io
c
e
n

e
 

94 

CD 
CD CD CD CD CD CD 0 0 0 
PI CD Pi PS PI PI PS PI PI Pi 

Pi PI 0 PI CD CD CD CD 0 0 0 0 
cD CD O CD CD a O O O O O O O 
PI • O O • CD PI CD O • o O O O o o o o 
U HP O -P CD -P PI CD PI O -p *p -P -P -P CD -P -P •p -p 
<U CL) •H CQ PI CD CD a CD •H CD 0 CQ CQ CQ « CQ 0 0 

*P P CD P O o O P •H •H •H •H 0 •H •H •H •H 
CD CD O O •H O CD CD CD CD O 0 0 0 0 :d 
O’ 

O 
Î25 

• 
P 

O 
W 

O •H •H 
s 

• 
w 

O 
P £ P 

rH 
P 

rH P O 
W 

rH 
P 

rH 
P 

rH 
P 

rH 
P 

x* xJ 
Pi PI ?*> p| PI 

x3 rH 0 cD CD 
0 Pi rH 0 0 N CO CO 
tSJ CD 0 N 0 Td N o o CO > O Cs) o o • • 

x* o cD O O 3 o -p -P 
PS • Pi o CO Td O Td cD cD Td 
CD o 3 cd O PI o PI Pl •H •H PI CO PI cD PI • • cD PI PI cD P P cD 

b 5 t—1 •k PI xJ Td CO >% pi cO CO co 0 cD CO XJ cd x* id 0 cD cD cD cd S25 •k •k 
2 H 5S5 S 3 3 3 P P P S>s rH p >> >5 >> >> o o cD » S S o 1—1 O •k rH rH 1—| rH 
0 CO 0 •k •k 1—1 •k • rH rH rH rH o >> • 0 • o • • 0 • • g 0 0 0 0 

x* -P • 
b -p Td •H Td -P -P x* > -P o 3 > > > > 

i—! s cd X3 Td cD cD § H Q cD cD Td cD cD rH Pi cD CD CD CD *H CD *H CD 3 rH •H •H CD •H •H 3 Pi •H CD o Pi Pi u Pi 
CO CO P P O P CO CO CO P P S cd P O P cd cd cd cd 

in r— vO CM o O cn r*- VO in tn in CM CM 00 a\ <T\ CM oo cn T"“ 00 00 T“ CM 00 VO O VO vo cn tn C*~ in ^t 00 tn 
O C\J c*r 00 oo "H" VO T— o in T~ in o- O- in o cr> 
tn T~ T“ tn CM tn CM CM CM tn CM CM T- T- tn tn CM 

CM 
I 

O 

O vo in CM T— cn 
O CM O in CM 

1 1 1 l 1 i 
in tn 00 CM 00 
in -3- in 

00 vo o CM o 
o in tn CM CM tn 

1 l i 1 1 1 
cr\ CM tn tn CM 

in O vo VO 
CM ^— T“ T— tn CM o 

1 l 1 1 1 1 1 
CM CM 

00 o cn T— 00 
tn CM T~ CM o CM 

i 1 1 I 1 1 o ^— CM tn CM n in in in in in 

in tn 5— 00 00 v- r- 00 o o I 1 l i T“ T— 
in in VO 00 1 1 ^— X— t" ^— 00 00 o o o a t— 
P P p p > > 

o o vo cn in tn 
o o tn tn tn tn 

1 i i 1 l l l o X— CM CT\ cn 
in in in in in 

CM 
■ 

tn 
T“ CM vo O 

V” x— cn CT\ cn VO [> 
1 1 1 1 i 1 1 

00 00 CM CM CM X— 

— T— CM CM CM tn tn 
> > > > > > > 

O tn O tn 00 o t> in in T“ X— tn «3- tn 
1 l 1 1 1 i 1 O o o o cn CP> cn 

in in in in 

CM tn in MO <n O CM 
t> c— i> l> o 00 00 

1 l l 1 i 1 1 T" T— r* T“ T— 
tn tn tn tn tn tn tn 
> > > > > > > 



95 

and carbonate analysis (Cassidy et al., 1977). The Eltanin, 

Verna, and Robert Conrad cores have also been described, yet 

a less detailed and standardized classification scheme was 

used. During the course of this research, all cores were 

examined m eg a sc o pi c al 1 y and microscopically. Particular 

attention was given to cores which had been poorly described 

and those that were in a dessicated state. 

The surface sediment of the Maurice Ewing Eank 

basically consists of siliceous ooze (mainly diatoms and 

r a d io 1 a r i a n s ) , f o r am i n 1 feral ooze, and glacially derived 

terrigenous material. As stated earlier, the composition of 

the oozes has largely been controlled by the position of the 

Polar Front, which is presently situated over the MEB. The 

presence of both siliceous and calcareous ooze on the bank 

suggests that the Polar Front has fluctuated through time. 

In general, the calcium carbonate-rich sediments contain 

approximately 20 to 65 percent calcium carbonate (mainly 

tests of planktonic foraminifera) while the siliceous oozes 

aré characterized by 50? rad iolarians and between 0-30? 

diatoms (Malmgren, 1979 ). The lithologic composition of 

sand bodies and large rock clasts are indicative of 

ice-rafted detritus (IRD). Sand-sized fractions are 

composed predominantly of quartz and glauconite, with lesser 

amounts of feldspar. Gravel lithologies include shale, 

arkosic sandstone, basalt, granite, granodiorite , 

m e t a v o 1 c a n i c s , pumice, and manganese nodules. The rock 
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clasts have been described as granitic, volcanic, and 

metamorphic (Bornhold, 1 983). Studies by Plafker et al. 

(1977) indicate that the various lithologies of the IRD are 

compatible with both a South American and an Antarctic 

origin. A preliminary examination of samples used in this 

study showed this to be the case. Therefore, provenance 

studies for this area would be most difficult. 

A sediment lithofacies map of the Maurice Ewing Bank is 

presented in Figure 19. In general, the apex of the bank is 

dominated by deposits of foraminiferal ooze which contain a 

significant component (35-80?) of unsorted, ice-rafted sand 

and gravel. The flanks, however, are characterized by sand 

bodies in which glauconite and quartz are the predominant 

constituents, with smaller amounts of radiolarians, diatoms, 

and forams present. It must be pointed out that this 

sediment distribution map is very generalized and does not 

convey subtle differences in surface lithologies created by 

varied mixtures of pelagic and terrigenous material. 

Because sediments of the bank consist of mixtures of 

different pelagic and detrital components, compositional 

size sorting does not pose a problem. That is size sorting 

which results from high occurrences of particular size 

particles, such as foraminiferal tests, does not occur. 

The gravel/sand/mud ratios of all samples were 

calculated and are listed in Appendix II. The gravel 

content of surface samples is quite variable (0-50?), yet 
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Figure 19. Generalized surface sediment lithofacies map of 
the Maurice Ewing Bank. The abbreviations used 
are : 

(FDO) Foraminiferal Diatomaceous Ooze 
(FCS) Foraminiferal Glauconitic Sand 
(FO) Foraminiferal Ooze 
(FPS) Foraminiferal Pebbly Sand 
(FS) Foraminiferal Sand 
(GDCO) Glauconitic Diatomaceous Calcareous Ooze 
(GDS) Glauconitic Diatomaceous Sand 
(GFS) Glauconitic Foraminiferal Sand 
(GS) Glauconitic Sand 
(PGDS) Pebbly Glauconitic Diatomaceous Sand 
(PGS) Pebbly Glauconitic Sand 
(RGS) Radiolarian Glauconitic Sand 
(RS) Radiolarian Sand 
(SFO) Sandy Foraminiferal Ooze 
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the highest concentrations are found on the central portion 

of the bank. The percent sand and mud (silt and clay) in 

surface samples range from 35-90Ï and *1-60? respectively. 

The distribution of sand and mud on the bank is extremely 

variable and fails to show any coherent pattern. 

Sediment Transport 

Modes of sediment transport have been defined by 

various investigators (Visher, 1969» Middleton and Southard, 

1977; and others). The first of these is called traction. 

Traction transport is characterized by the relatively slow 

motion of sand-sized grains which move by rolling or sliding 

along the sediment surface and represent the initial 

movement of a particle. Vischer (1969) characterized this 

movement as surface creep. As a result, traction deposits 

are often associated with a residual bed. With increasing 

current velocity, grains move in short, low-trajectory hops. 

This process, known as saltation, results in well-sorted 

populations and represents efficient bed-load transport. 

Intermittent suspension is the process whereby particles 

move with longer traj ectorties, only periodically settling 

to the bottom. It is generally recognized that this motion 

is reserved for very fine sand and silt-sized particles. 

Lastly, fine silt and clay-sized grains moving entirely 

within the water column or sediment flow are said to be 

moving in suspension. Middleton and Southard (1977) suggest 
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that turbulence at the sediment-water interface has greater 

influence on suspending fine particles than does the 

velocity of bottom currents. In summary» traction, 

saltation, intermittent suspension, and suspension are the 

mechanisms involved in the transport and redistribution of 

sediment. As will be shown below, all four processes are 

active on the Maurice Ewing Bank. Additionally, data is 

presented which shows that there exists considerable overlap 

between these processes and that a given current is capable 

of simultaneously transporting particles of varying size in 

different transport modes. 

Given our understanding of sediment transport, grain 

size frequency curves of sand-sized material (-1.0 to 4.0 

phi) were examined in order to identify grain size 

populations on the MEB. Upon analyzing the data, it was 

found that the vast majority of samples represented discrete 

groups of sediment types characterized by unique grain size 

distributions. Figure IE provides the location of all cores 

described below. 

Group 1, termed a residual deposit, is one in which the 

very fine sand to clay-sized fractions (generally finer than 

3.00 phi) are either completely or partially absent from the 

bed. These deposits, composed of gravelly, fossil iferous, 

glauconitic sands, are unsorted and display no evidence of 

bottom transport. Frequency curves from samples of this 

type are presented in Figures 20A-D, and represent surface 
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Figure 20. Grain size frequency curves of residual deposits 
(Group I). 
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sediment of cores 1 1 76-9 , 1 678-M, 1678-36, and 1 67 8-*l 8 

respectively. The removal of fine sediment, as evidenced by 

sharp truncation points, and the poorly sorted character of 

these deposits are clearly evident. It was initially 

thought that the sharp truncation points coupled with an 

apparent lack of bottom transport modes indicated suspension 

of fine sediment within the water column. Yet, virtually 

all samples from the MEB and adjacent Falkland Plateau 

provide evidence for bed-load transport, implying bottom 

current activity. Therefore, it seems unreasonable to 

suggest that there exists discrete zones fully protected 

from bottom currents. The fact that these deposits provide 

evidence of winnowing and not bed-load transport may 

indicate that bottom currents are capable of removing the 

finer material but are not sufficiently strong to 

effectively initiate movement of coarser particles. 

Alternative explanations for the lack of bottom transport 

modes include a high sedimentation rate of IRD, which does 

not allow sufficient time for bed-load transport, or the 

presence of large amounts of binding matrix (silt and clay) 

which inhibits bed-load transport. The distribution of 

residual beds on the Maurice Ewing Bank is shown in Figure 

21. 
Group 2 is characterized by samples consisting of 

traction modes in association with residual beds. These 

deposits are similar to Group 1 in that they are gravelly, 
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Figure 21 Distribution of residual deposits (Group 1) 
on the Maurice Ewing Eank. 
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poorly sorted, and display sharp truncations at 2» 00 phi. 

However, the 2.00 to 3.00 phi grains are preferentially 

concentrated, providing evidence for bottom transport. 

Frequency curves of surface samples of cores V31-73» 

1678-43, 1678-2Ç, and EL9-2 are representative of this group 

and are shown in Figures 22A-D respectively. This group 

does not necessarily represent depositional products of a 

higher currrent regime, but rather one in which more of the 

binding matrix has been removed from the bed allowing for 

initial transport of grains (Singer and Anderson, 1984). 

The association of traction with a residual bed is not 

surprising since traction transport is a very slow process 

and represents initial particle movement. The distribution 

of Group 2 sediments on the MEB is given in Figure 23. 

Group 3 represents sediment types which contain 

well-sorted saltation populations. Surface sediment samples 

of cores 1678-51, 0775-43, FC15-85, and 0775-52 are 

representative of this group and the corresponding frequency 

curves are presented in Figures 24A-D. Of particular 

importance is that these modes are no longer associated with 

residual beds, thus indicating very efficient bed-load 

transport. Gravel content ranges from 0-6 percent. A range 

of grain size is evident between the saltation modes 

presented in Figure 24. Shifts to a coarser or finer 

saltation mode suggest that the size of the mode is velocity 

dependent. In general, however, sediments of this group 
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Figure 22. Grain size fr e quency c urves of traction 
popul ations in assoc ia tion with residual 
bed s (Group 2) • 

RES. s Resid ual Sed im en t 
TR. = Tract!' on Popul a ti on 
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Figure 23. Distribution of traction populations in 
association with residual beds (Group 2) 
on the Maurice Ewing Bank. 
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Figure 24. Grain size frequency curves of saltation 
populations (Group 3)* 

TR.s Traction Population 
SALT.= Saltation Population 
INT. SUSP.: Intermittent Suspension 

Population 
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display saltation modes at 2.75 phi and sharp truncations 

within the 3.00 to 3.25 phi range, suggesting rather uniform 

velocities over the MEB. Intermittent suspension and minor 

traction modes are often associated with the saltation 

populations, as evidenced in Figure 2M, The presence of 

intermittent suspension populations is best explained by 

higher concentrations of suspended material near the bottom. 

The surface distribution of this group on the KEB is 

pesented in Figure 25. 

Group is considered a transitional group. Surface 

sediment samples of cores 1678-27, 0775-57» 1678-1Ç, and 

V18-112 are representative of this type and are presented in 

Figures 26A-D respectively. As evidenced by the frequency 

curves, sediment types of this group generally contain 

saltation modes. However, associated traction and, in some 

cases, residual components suggest that saltation is just 

beginning or is occurring very slowly. These deposits may 

also indicate variability in bottom current velocities. The 

most important implication of this group, however, is the 

striking evidence that a given current is capable of 

simultaneously transporting sediment in different transport 

modes. The degree to which these modes are segregated is a 

function of the duration of that velocity. In some 

instances, however, episodic deposition of IRC can mask 

well-sorted saltation populations, thus giving the 
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Figure 25 Distribution of saltation populations (Group 3) 
on the Maurice Ewing Bank. 
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Figure 26. Grain size frequency curves for transitional 
deposits (Group 4). 

TF.s Traction Population 
SALT.s Saltation Population 
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appearance of a transitional phase. The distribution of 

this group on the MEB is presented in Figure 27. 

In summary, it is clearly evident that discrete groups 

of sediment types, based on transport modes, are present on 

the Maurice Ewing Bank. Several prominant features are 

noted. First, the majority of frequency curves for surface 

sediment samples display sharp truncation points between 

3.00 and 3.25 phi, regardless of the style of sediment 

transport. Clearly, the fine sand, silt, and clay are being 

removed from the beds and swept clear of the bank. The 

presence of fine tails in some samples suggest that the 

winnowing process is variable. It must be made clear that 

the truncation points do reflect the winnowing of fine 

material and are not functions of source. There are no 

natural truncations in glacial or glacial marine sediments 

(Anderson et al., 1980). Secondly, the distributions of 

sediment transport modes generally indicate residual type 

deposits on the apex of the bank while the flanks are 

characterized by well-sorted sand bodies. However, there is 

considerable overlap in the distributions which indicates 

that energy patterns over the bank are not clearly 

differentiated. 

During the course of megascopic examination of the 

cores, particular attention was given to the presence or 

absence of grading. Eased on visual observations and grain 

size analysis, several turbidite deposits were discovered on 
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Figure 27 Distribution of transitional deposits (Group 4) 
on the Maurice Ewing Bank. 
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the northern flank of the Maurice Ewing Bank. Figure 28 

displays the distribution of these deposits over the bank. 

Figure 2Ç represents frequency curves for cores 0775-1 and 

0775-42. Core 0775-1 consists of three units grading from a 

sandy gravel to a sandy foraminiferal ooze. Core 0775-42 

has two sections grading from a gravel to a radiolarian, 

glauconitic sand. Frequency curves for both samples show 

normal grading, as evidenced by improved sorting and fining 

upward sequences. 

Several piston cores from the western portion of the 

MEB contain sedimentary clasts. The composition of these 

clasts ranges from glauconitic sands to siliceous oozes. 

The presence of these clasts indicates the possibility of 

slump or debris flow deposits. The implications of 

mass-flow deposits on the MEB will be discussed in a 

subsequent chapter. 

Indirect Determinations of Current Velocities 

In conjunction with identifying the various styles of 

sediment transport on the Maurice Ewing Bank, a major goal 

of this study was to determine past and present energy 

regimes acting on the bank. The method used in 

accomplishing this task was that of relating grain size to 

current velocity, as has been done during the course of 

experimental flume studies. The Maurice Ewing Bank is 

ideally located to act as a test case in applying previously 
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Figure 28 Distribution of turbidite bodies on the 
Ewing Bank» 

Maurice 
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Figure 29 Crain size frequency 
represented by cores 
grading and improved 

curves of turbidite 
0775-1 and 0775-42. 
sorting upwards. 

bod ies 
Note 
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generated flume data to the deep-sea environment. It is 

unique in the respect that terrigenous material has reached 

the bank as poorly sorted ice-rafted detritus and 

subsequently left to the influence of circumpolar currents 

to winnow, sort, and redistribute this glacially derived 

sediment. In this light, the KEB can be considered a 

"natural flume". Styles of sediment transport have already 

been identified over the bank, and indirect determinations 

of corresponding current velocities will greatly enhance our 

understanding of past and present energy regimes acting 

within the region. 

The use of sediment texture to interpret past and 

present oceanographic current regimes must be prefaced with 

an understanding of those conditions by which sediment 

erosion and entrainment occurs. Numerous investigators 

(Mavis, 1935, 1937; Nevin, 1946; Moss et al., 1980; and 

others) conducted flume experiments to identify and define 

those conditions by which initial sediment transport occurs. 

Numerical relationships between grain size and critical 

shear stress or current velocity were established. The 

well-known studies of Shields ( 1936) and Hjulstrom ( 1939) 

resulted in curves which relate grain size to current 

velocity (Hjulstrom curve) and shear stress (Shield’s 

curve). Although these curves are widely accepted, their 

use for the marine environment characterized by unsorted 

sediment is limited as their studies were based on 
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distributions of generally well-sorted, spherical grains. 

At best, distributions which fall into a relatively narrow 

range of grain sizes were used. Until recently, work with 

unsorted beds had not been conducted. 

Recent work by Singer and Anderson ( 1 984) has greatly 

enhanced our ability to extend laboratory generated flume 

data to the marine environment. Their flume experiments 

involved the use of unsorted sedimentary beds, similar to 

the glacially derived material which blankets the seafloor 

surrounding Antarctica. Different sediment transport modes 

were measured for varying particle sizes and current 

velocities. In this fashion, current velocities associated 

with initial and efficient transport of a given size 

particle were determined. Additionally, the role of 

biological mixing in controlling ultimate grain size 

distributions was examined. Presented below is a brief 

summary of the Singer-Anderson study. 

Several flume experiments, or "runs", were conducted 

with both mixed and unmixed beds. Without any alteration of 

the bed by mechanical mixing, virtually no sediment motion 

was observed for velocities below 16 cm/sec. A limited 

amount of very fine sand, silt, and clay-sized grains were 

observed on a collection tray within the flume. With 

simulated biological mixing, it was shown that a residual 

bed containing little silt and clay could be formed at low 

current velocities. Analysis of a water column sample 
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showed that fine silt and clay-sized material were in 

suspension at a current velocity of 2 cm/sec. With 

increasing current speeds, and the removal of the fine 

matrix, sand-sized material began to move in traction or 

saltation. It was noted that the size of particles carried 

in suspension did not increase with greater current speeds, 

indicating that very low velocities are able to maintain 

fine material in a free stream. This is supported by 

theoretical information which suggests that velocities of 

less than 4 cm/sec are required to maintain silt and clay in 

suspension (Elatt et al., 1980). 

Results of the Si n g e r - A n d e r so n study indicate that 

efficient transport of sand-sized material can only occur 

once the fine matrix has been removed from the bed. 

Furthermore, their results indicate that variations in the 

efficiency by which sand-sized material is transported is 

largely dependent upon mixing and the amount of matrix 

material present in the parent bed. 

The data from the Singer-Anderson study is presented in 

Figure 20. The various curves represent the minimum 

velocities necessary to erode and transport sediment which 

has been subjected to simulated bioturbation. Two fields of 

sediment transport were identified based on the dominant 

mode of sediment transport at measured velocities. The 

fields are: bed-load and intermittent suspension/suspension. 

The lower line of the bed-load transport field indicates 
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Figure 30. Velocity curves reflecting the minimum velocity 
necessary to erode and transport sediment from 
mixed beds (after Singer and Anderson, 1584; 
modified by Anderson, in press). Two main 
fields of sediment transport are identified: 
Bedload and Intermittent Suspension/Suspension. 
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initial movement of grains as characterized by the transport 

mechanism of traction. This involves very slow movement, so 

the traction mode is commonly associated with the residual 

bed. Also presented is the Kevin curve. Note the close 

agreement for initial movement of this curve and the 

Singer-Anderson curve. Kevin measured velocities at which 

particles of a given size first moved. 

The bed-load field defines the velocities at which 

saltation occurs and results in well-sorted populations 

which are not associated with residual beds. The upper 

limit of bed-load marks the transition where particles begin 

to move in intermittent suspension and/or suspension. As is 

evident, suspension is generally reserved for very fine 

sand, silt, and clay-sized particles. Thus, different 

transport modes can be recognized from total grain size 

distributions, and velocities can be assigned to these data 

regardless of the mode of transport. 

Using the Singer-Anderson curve (Figure 30), current 

velocities were assigned to all surface samples using 

sediment transport modes and truncation points identified 

from frequency curves. Frequency curves from various 

sediment groups outlined earlier in this chapter, along with 

assigned current velocity values, are presented in Figure 

31. The lowest velocities (8-10 cm/sec) observed on the 

bank are associated with the residual lag deposits of Group 

I. Although these sediments do not provide evidence for 
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Figure 31» Representative grain size frequency curves with 
assigned velocity values for Groups 1-4. Group 
1 samples are residual beds whose finer 
components (less than 3 phi) have been winnowed. 
Current velocities of 8-10 cm/sec are required 
to winnow this size material at the seafloor. 
Truncation points were used to assign the 
velocity range. Current velocities assigned to 
Croups 2-*l were based on the dominant mode of 
sediment transport and truncation points. The 
highest current speeds (10-15 cm/sec) are 
generally associated with well-sorted saltation 
populations. 
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bottom transport, velocity determinations were made on the 

basis of truncation points. As stated earlier, the partial 

absence of fine material from the residual beds may either 

be due to winnowing at the seafloor or suspension of fine 

sediment within the water column. Velocities of 8-10 cm/sec 

were assigned to this sediment type assuming that the fine 

sand to clay-sized material was winnowed at the bed (Fig. 

20). If the partial absence of 2*00 phi and finer sediments 

is due to suspension within the water column, then 

velocities of up to 12 em/sec may be required (Fig. 30). It 

is impossible to know which of these mechanisms is more 

prevalent. Therefore, a velocity range of 8-13 cm/sec may 

be more applicable for these deposits. The highest current 

speeds (10-15 cm/sec) are associated with well-developed 

saltation populations. Variations within this velocity 

range are due to shifts of dominant transport modes and 

truncation points. Figure 32 presents the distribution of 

velocities over the MEB. Although there are subtle velocity 

differences between sediment types, it is clear that a 

fairly constant energy regime of 8 to 12 cm/sec exists over 

the Maurice Ewing Bank. It was initially hoped that a 

velocity profile could be developed for the bank. However, 

the uniform velocities indicate that differential zones of 

current intensity are not present. 

Current velocities were assigned to all down-core 

samples in order to investigate the history of bottom flow 
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Figure 32 Distribution of velocity values on the 
Ewing Bank. 
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over the Maurice Ewing Eank. Previous studies (Ciesielski 

et al,, 1982) postulated causal relationships between 

glacial conditions, intensification of circumpolar currents, 

and bottom scour. The time span represented by the sand 

bodies on the bank (generally PIio-Pleistocene) is indeed 

one in which major glacial episodes occurred in Antarctica 

and southern South America (Mercer, 1976, 1977; Kennett, 

1977; and others). Therefore, if the inferred pulses and 

waning events of the ACC during this time were linked to 

glacial and interglacial episodes respectively, then these 

events should be recorded in the sedimentary record. 

Current velocities for several down-core samples are 

presented in Figure 33» The cores are representative of the 

bank and clearly indicate that there has been little 

variation in current velocities since PIio-Pleistocene time. 
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Figure 33. Current velocities assigned to down-core 
samples. 
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DISCUSSION 

Sediment Transport 

The styles of sediment transport occurring on the 

Maurice Ewing Bank were determined by recognizing distinct 

grain size populations within surficial and down-core 

sediment samples. Five groups of sediment types were 

identified: residual beds, traction deposits in association 

with residual beds, well-sorted saltation populations, a 

transitional group, and turbidites. The composite surface 

distribution of all groups is presented in Figure 34. 

Sediment transport on the flanks of the bank is dominated by 

saltation (circles). Veil-sorted sand bodies, consisting 

predominantly of quartz, glauconite, and siliceous 

microfossiis, provide evidence for this transport process. 

The apex and north-central portion of the bank is dominated 

by residual lag (squares) and traction (triangles) deposits. 

Sediment lithologies of these two groups consist of 

foraminiferal ooze, pebbly sands, and foraminiferal, 

glauconitic sands. The transitional group 

(cros sed-circ1es) , characterized by weakly developed 

saltation modes, predominate on the western flank. 

Glauconitic sands with varying amounts of radiolarians and 

diatoms constitute this group. All turbidite bodies 

(diamonds) are located on the northern slope. 

140 
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Figure 34. Composite distribution of all surface sediment 
types on the Maurice Ewing Bank. The various 
groups represented are: saltation populations 
(circles), residual deposits (squares), 
traction populations in association with 
residual beds (triangles), transitional 
deposits (crossed-circles), and turbidites 
(diamonds). 
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A common trend in all sediment types is that the fine 

sand, silt, and clay-sized particles are largely absent from 

the beds. Evidence for this is provided by the presence of 

sharp truncations, generally at 2.00 phi, within grain size 

distributions. Initial speculation existed as to whether 

this fine material was winnowed at the seafloor or simply 

carried in suspension within the water column. The 

identification of bed-load transport (traction and saltation 

modes) on the Maurice Ewing Bank, however, is indicative of 

bottom current activity. Current suspended sediment over 

the bank, in the form of a benthic nepheloid layer, and 

bedforms recognized from bottom photographs provide 

additional evidence for bottom current transport. 

Therefore, currents capable of winnowing fine sediment are 

present at the benthic boundary layer, although it is not 

unreasonable to suggest that a certain amount of this fine 

material has not been deposited, but rather carried in 

suspension within the water column. It is known, however, 

that, fine material from the water column can be carried to 

the seafloor in the form of pellets. This might imply, 

therefore, that the absence of most of the fines from the 

MEB results from winnowing at the seafloor. Nonetheless, 

most pellets are equal to very fine sand to coarse 

silt-sized particles which can remain in suspension. 

The data presented and discussed clearly indicates that 

the sandy sediments on the Maurice Ewing Bank have been 
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eroded, winnowed, sorted, and redistributed by a number of 

different transport mechanisms. The products of this 

erosion on the bank range from poorly sorted, residual sands 

and gravels to well-sorted current derived sediment. 

Current velocities over the bank are sufficiently strong to 

winnow fine sediments. The presence of turbidites on the 

northern flank suggests that sand-sized material is being 

transported to this area and subsequently moved downslope 

due to o v e r s t e e pe n ing or undercutting by strong impinging 

currents. A micropaleontologic examination of several cores 

from the bank, including turbidite deposits, indicate that 

the central portion of the MEB is indeed the source area for 

the turbidites (Casey, per comm.). This area of the bank is 

characterized by a variety of sizes within foraminifera and 

radiolaria populations. Similar species of microfauna along 

with a wide range of sizes are present within the turbidite 

bodies (Casey, per comm.). This data provides supporting 

evidence for the transport of sand-sized material to the 

northern flank of the bank. However, the presence of 

truncation points within the fine sand-sized range in 

virtually all turbidite bodies indicates that the northern 

flank is not a depocenter for the fine sand, silt, and clay 

winnowed from the bank. 
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Inferred Bottom Velocities 

Present and past energy regimes acting on the Maurice 

Ewing Bank were determined utilizing a newly derived 

velocity curve, relating grain size to current speeds, and 

physical oceanographic information. This data, in 

conjunction with textural analysis of sediment samples, 

provides valuable insight into the sed imen to 1ogic 

environment and paleoceanographic history of the MEB. 

The previously generated flume data of Singer and 

Anderson (1984) clearly demonstrates that glacially derived 

sediment, which is poorly sorted and cohesive, can be 

eroded, sorted, and re-deposited by currents with 

considerably less velocity than originally thought. Their 

studies indicate that the important cog in this process is 

the effect of biological mixing within the sediment. 

Bioturbation essentially acts to disrupt cohesiveness, 

reduce compaction, and prevent armouring of sedimentary 

beds. Without mixing, current velocities greater than 20 

cm/sec would be necessary to erode, sort and redistribute 

glacial marine sediment. Many studies utilizing 

radioisotopes to investigate vertical mixing have been 

conducted. Most notable, perhaps, are the studies by 

DeMaster ( 1982) and Turekian et al. ( 1 978) which centered on 

the distribution of Lead-210 in marine sediments as a 

particle tracer. These investigators observed mixing to a 

depth of 8 cm within sedimentary beds and attributed this to 
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the action of benthic organisms. Numerous studies have 

shown that organisms are capable of entraining particles 

into the free-stream and r e - s ub j eeting them to currents 

(Nowell, et al., 1980; and others). 

Using the method of Singer and Anderson C1SS^)» current 

velocities were assigned to all surface samples from the MEB 

and adjacent environs (Fig. 35). Although subtle 

differences exist between velocities assigned to the various 

groups of sediment types, as outlined in the previous 

chapter (Fig. 31)* a fairly uniform range of 8-12 cm/sec is 

clearly evident. The distribution of these velocities over 

the bank (Fig. 32) suggests that there are no differential 

zones of scour. Examination of microfossils from samples on 

the bank do imply, however, that the current intensity may 

be slightly greater on the western, southern, and eastern 

flanks of the bank (Casey, per comm.). In contrast to the 

wide range of microfossil size on higher elevations of the 

bank, the radiolaria and forams contained in samples from 

the flanks are more uniform in size, indicating better 

sorting. 

Singer and Anderson (1984) demonstrated velocity 

relationships to particle sizes moving by different 

transport mechanisms. They further showed that the style of 

transport is largely dependent upon the efficiency by which 

the bed has been mixed. The 8-12 cm/sec velocity range 

identified for surface samples, and the variations in grain 
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Figure 35 Plots 
d epth 

of inferred current velocities versus 
at which samples were collected. 
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size populations on the MEB are best explained by these 

factors. Additionally, the percent mud content for surface 

(fig. 26) and down-core samples is extremely variable, 

providing further evidence that grain size populations on 

the bank are largely dependent upon the amount of binding 

matrix material which is thought to be controlled by the 

extent of biological mixing. 

Since the matrix content of samples is largely 

controlled by benthic activity, bottom photographs were 

studied in order to determine the distribution of benthic 

organisms over the bank. The patchy mud distribution 

suggests that benthic activity may be quite variable. 

Although bottom photographs show evidence of benthic life, 

such as tracks, trails, and burrows, the lack of adequate 

coverage prohibits conclusive remarks concerning the density 

of organisms in any given area. Both the richness of 

benthic life as well as a patchiness of bottom assembladges 

have been observed, however, in other areas of the Southern 

Ocean (Hedgpeth, 1Ç71). 

The activity of bottom dwellers in the area of the 

Maurice Ewing Eank are thought to have the most pronounced 

effect on the sediment. Filter feeders do not efficiently 

rework or entrain bottom sediment. Studies by Rhoads and 

Young ( 1970) in Buzzards Bay have shown that deposit feeders 

attain higher densities on soft, muddy substrates while 

filter or suspension feeders are largely confined to sandy 
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Figure 36 Distribution of percent mud content for surface 
samples on the Maurice Ewing Bank. 
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or firm mud bottoms. They suggest that bottom stability and 

food sources may be the predominant factors in controlling 

this trophic-group separation. 

Sandy bottoms, with low mud content, seem to imply that 

sediment reworking has been concentrated in these areas, 

indicating higher densities of benthic organisms. However, 

an interesting question exists concerning the relationship 

between muddy substrates and the apparent densities of 

benthic life on the bank, given the premise that bottom 

feeders prefer muddy sediment. Nonetheless, a possible 

explanation for this paradox does exist. It seems 

reasonable to suggest that deposit feeders seek areas of 

fine-grained organic muds containing abundant food supplies. 

However, once these areas have been reworked and fine 

sediment entrained for removal by bottom currents, the 

bottom dwellers migrate to other areas rich in mud content, 

leaving behind a sandy bottom. After reworking a new area, 

they again move to muddy regions. Assuming a uniform 

sedimentation rate over the bank, the once reworked areas 

may have been replenished with mud, allowing the deposit 

feeders to return to previously visited regions. In this 

fashion, one would expect to see a revolving patchiness as 

organisms migrate to areas of higher mud content allowing 

reworked bottoms to again accumulate fine-grained sediment. 

Physical oceanographic data, in the form of temperature 

versus depth profiles and geostrophic velocity profiles. 
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were used to spatially locate the MEB within the Antarctic 

Circumpolar Current system. The MEB is situated in the 

Polar Frontal Zone. This is a transitional area, 

characterized by variability of certain physical properties, 

between the Subantarctic and Polar Fronts. Geostrophic 

velocity profiles constructed from hydrographic stations 

over the bank indicate current speeds on the order of 5-10 

em/sec, which is in reasonable agreement with velocities 

derived from the grain size data (8-12 cm/sec). This is in 

sharp contrast to the greater speeds observed for the 

Subantarctic and Polar Fronts. 

Bottom photographs and nephelometer profiles from the 

vicinity of the Falkland Plateau were previously used to 

infer the strength of energy regimes acting within the 

region (Ciesielski, 1978). Current velocities on the order 

of 10-30 cm/sec were determined for this region based on the 

presence of bed forms, such as ripples, and a distinct 

benthic nepheloid layer. Studies by Middleton and Southard 

(1977) show, however, that velocities of less than 4 cm/sec 

are able to effectively suspend fine silt and clay. 

Therefore, a benthic nepheloid layer need not imply strong 

bottom currents. Furthermore, high velocities are normally 

assigned to rippled beds. Pipples are formed via the 

saltation process which can effectively operate at 

velocities much lower than 20 to 30 cm/sec. Ciesielski 

( 1 978 ) assigned a bottom current velocity range of 10-30 
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cm/sec to cores from the Falkland Trough due to the presence 

of rippled beds and the absence of fine material. Referring 

to Figure 35, cores RC15-82, RC1C-8, and V18-108 are from 

the Falkland Trough, and a 10-12 cm/sec velocity range is 

inferred. The surface samples of these cores consist of 

well-sorted glauconitic sands. 

Implications For Studies Of Deep-Sea Environments 

Sediment distribution patterns and textural parameters, 

such as mean grain size, sorting, and skewness, have been 

used in many deep-sea environments to interpret the 

paleoceanographic record (Huang and Watkins, 1977; 

Ledbetter, 1979; and others). The data presented in this 

study clearly points to the limitations of using such an 

approach. 

Singer and Anderson (198*1) report that the efficiency 

of biological mixing is indicated by the presence or absence 

of a fine tail in size frequency curves. The extent of fine 

material influences mean grain size and skewness. 

Therefore, misinterpretations with regard to current regimes 

can occur if total grain size distributions are ignored. 

Moreover, they suggest that variations in current velocities 

should be based on the mean size of grain populations that 

were transported in the same mode. 

Sediment distribution on the Maurice Ewing Bank is one 

in which the gravel, sand, silt, and clay concentrations 
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vary in a rather random fashion, and grain size parameters 

fail to show any coherent pattern. Values for mean grain 

size, sorting, and skewness are presented in Appendix II. 

However, total grain size data, examined in light of 

transport modes and current velocities, along with 

oceanographic data, indicate a constant energy regime acting 

on the bank. 

Current velocities were asssigned to all down-core 

samples in order to investigate the history of current flow 

over the bank. As evidenced in Figure 33, little variation 

in circumpolar currents has occurred since PI io-Pleistoeene 

time. A markedly different picture is drawn if mean grain 

size and standard deviation (sorting) values, for example, 

are used to investigate changes in current velocities. Mean 

grain size and sorting values, along with the dominante mode 

of sediment transport, are plotted for cores C775-43 and 

0775-52 (Fig. 37). There are clear variations in mean grain 

size and sorting that could be interpreted as changes in 

current velocities. As evident,•however, the dominant grain 

size populations remain remarkably constant for both cores. 

Variations in IRD accumulation rates and fine matrial cause 

shifts in mean grain size, and can mask otherwise 

well-sorted sediment. Therefore, variations in 

paleovelocity records derived from textural parameters must 

be considered with caution. The constant velocities 
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Figure 37. Plots of mean grain size, standard deviation 
(sorting), and dominant transport modes for 
down-core samples of cores 0775-43 and 
0775-52. 
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observed for PI io-Pleistocene to Recent sediments support 

this contention. 

Paleoceanographic Implications: The Maurice Ewing Bank 

In light of the data presented in this study, a 

re-examination of the previously inferred depositional and 

erosional history of the Maurice Ewing Eank is needed. 

Results from this study clearly suggest that there have been 

no significant changes in bottom current velocities over the 

bank since PI io-Pleistocene time. The inferred pulses and 

wanning events of the ACC, as determined from the presence 

of biostratigraphic hiatuses in the sedimentary record 

(Ciesielski et al., 1982), are problematic when viewed from 

the grain size data, current velocities, and hydrographic 

information presented in this study. 

Studies by Ciesielski et al. (1982) suggest that a 

causal relationship exists between glacial conditions, 

current intensification, and bottom scour. Although their 

studies attributed the hiatuses to either current scour or 

non-deposition, analysis of their data indicates that what 

is truly inferred is bottom erosion. Three major hiatuses 

or unconformities were identified: upper Cilbert to 

mid-Gauss (mid-Pliocene), Gauss-Matuyama boundary, and upper 

Matuyama to lower Brunhes. However, study of Ciesielski’s 

hiatuses within several cores shows that the disconformities 

are not uniformly correlatable, implying a non-uniform time 
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surface. If non-deposition was the true cause of the 

hiatuses, then it would be reasonable to assume that a 

layer-cake stratigraphy would be observed. This is not 

evident, and, thus, the hiatuses have to be considered 

bottom erosional events. 

Assuming that the disconformities represent erosional 

events, bottom currents would have to scour the bank between 

depths of 1500-2500 meters, and at velocities greater than 

20 cm/sec (the velocity required to erode cohesive sediment; 

Hjulstrom, 1939). Current velocities assigned to down-core 

samples Indicate that speeds of this magnitude did not exist 

during PIio-Pleistocene time. Moreover, had the Polar Front 

migrated northward in response to glacial conditions in 

Antarctica, current velocities at the seafloor would not 

have been sufficient to cause considerable erosion of the 

bank. Geostrophic profiles from the Drake Passage indicate 

speeds of less than 10 cm/sec for depth of 1500-2500 meters. 

Although this data reflects present conditions, it is 

assumed that these velocities have been fairly constant 

through time. Additionally, had erosion actually occurred, 

a lag deposit should have formed given the fact that the IRD 

flux to the bottom in this region during PI io-Pleistocene 

2 
time averaged 25-35 mg/cm / 1 000y (Eornhold, 1983). The 

upper Gilbert to mid-Gauss hiatus spans approximately 1 

m.y., and given an average sedimentation rate of 1 m/m.y. 

and a 5? IRD content, an armoured surface, a few centimeters 
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thick, capable of halting erosion would be formed after 

approximately 50 cm of sediment was eroded. If erosion had 

occurred within the water column, as suggested by Ciesielski 

et al. ( 1 982), a 50 cm lag would be expected. Many of the 

hiatuses identified by Ciesielski et al. (1982) fall within 

stratigraphic units which do not contain lag deposits. 

Given the IRD flux to this region during the Pleistocene, 

lags would have to form if circumpolar currents were 

scouring the bank. 

An alternate explanation to bottom erosion and the 

subsequent creation of hiatuses is suggested by the abundant 

occurrence of soft sedimentary clasts which are largely 

composed of glauconite and ice-rafted quartz grains. Grain 

size frequency curves of the clasts suggest a lag/traction 

type of deposition. The presence of these clasts within 

pelagic units, containing virtually no IRD, causes some 

concern as to their origin. It seems unreasonable to 

suggest deposition of rounded clasts under lag/traction 

current conditions (Wright, per comm.). Furthermore, it is 

highly unlikely that the relatively strong bottom curents 

active at that time could vary so significantly as to allow 

for in-place deposition. Ciesielski et al. (1982) suggested 

that the sedimentary clasts on the MEB were formed by 

moderate current flow and subsequently rolled down the 

flanks. Slumping and debris flow transport, however, 

provide the only plausible explanation for the occurrence of 
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these clasts within pelagic units. The presence of 

mass-flow deposits on the bank has already been documented 

by the identification of turbidites. 

Seismic reflection profiles from the MEB, provided by 

La m o n t-Do h e r t y Geological Observatory, were examined to 

identify evidence for slump deposits. Although some chaotic 

bedding was observed within deeper stratigraphic sections, 

no slump deposits were identified at the surface. This in 

part may have been due to the very poor resolution of the 

seismic data. 

Since slumps move as coherent masses and debris flows 

display laminar flow, the time stratigraphy of the section 

need not be altered. Many of the hiatuses identified are 

situated within the apparent mass-flow deposits. However, 

misinterpretations concerning the existence of hiatuses 

could result from mass-flow deposits. The source material 

on the bank spans Miocene to PI io/Pleistocene time. 

Therefore, mass-flow deposits of different ages and from 

different sources could separate sediments which were 

deposited in place. In this fashion, the time stratigraphy 

of the sedimentary units would be artificially altered. 

A plausible hypothesis for the Maurice Ewing Eank is 

that during P1 i o-P 1 e i s t o c e n e time, IRD accumulation 

increased markedly. After the fine material had been 

winnowed from the sediment, armouring occurred which 

prevented further erosion. Tectonic activity in the area 



163 

most likely initiated mass movement, allowing clasts, 

composed of ice-rafted material, to be incorporated into the 

underlying pelagic oozes as they flowed down slope. 

Ice-rafted gravels and sands were still accumulating during 

this time and were redistributed over the bank and across 

the surface of mass-flow deposits by moderate bottom 

currents. 

Paleoceanographic Implications: The Argentine Basin 

The uniform winnowing of fine sediment from virtually 

every sector of the Maurice Ewing Bank prompted 

investigation into the limits of sediment dispersal. The 

task of estimating the amount of sediment removed is a 

difficult one due to the variations in the thickness of 

strata across the bank. Ciesielski and Wise (1977) suggest 

that thickness variations of strata can be attributed to 

fluctuations of the Polar Front which have caused unequal 

sedimentation rates above and below the CCD. 

Middleton and Southard (1977) have shown that very fine 

sand and coarse silt is maintained in suspension by currents 

with velocities in the range of 1-13 cm/sec. If this size 

material is being eroded from the bank by sustained 

currents, the fines should be transported into the Argentine 

Pasin given our understanding of current flow direction over 

the bank. Therefore Argentine Basin cores were examined in 

order to determine the occurrence of 3-5 phi material. This 
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exercise provided some estimate as to sustained current 

strength and was an additional method of examining the 

problem of relating CPDW velocity fluctuations to climatic 

infl uences. 

It was previously shown that the maximum velocities to 

have influenced sedimentation on the Maurice Ewing Bank are 

in the range of 8-12 cm/sec. At these velocities, sediments 

finer than 3 phi are suspended, as is clearly indicated by 

the paucity of this size and finer material on the bank. 

Once suspended, sediments are transported orders of 

magnitude more rapidly than by bed-load transport, and even 

very fine sand (3 phi) can travel hundreds of kilometers in 

a matter of weeks if sustained velocities exceed 13 cm/sec. 

Figures 38A-B illustrate the relationships between phi 

size, sustained velocities, and distance traveled. Figure 

38A is a plot of phi size versus the mean velocity required 

for suspension. For suspension to occur, the mean velocity 

must be approximately 12 times the settling velocity (Blatt 

et al., 1 980 ). Large threshold velocities are observed 

between 1 and 3 phi sizes. It is interesting to note, 

however, that the curve flattens considerably in the 3 to 5 

phi range, suggesting that this size material is more 

sensitive to subtle velocity changes. 

The. ability of sustained velocities to transport 3 to 5 

phi material considerable distances is shown in Figure 38B. 

The distance of 100 kilometers was chosen since it 
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Figure 38. Plot of phi size versus mean velocity required 
for suspension (A). Relationship between 
sustained velocities, size of material 
transported, and distance travelled (E). 
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represents the distance from the Maurice Ewing Eank to the 

Argentine Easin cores used in this study. Given a current 

velocity of 20 cm/sec, for example, 3-5 phi material can be 

transported 100 km in 6 days. The travel time for any 

distance can be calculated using the simple equation of 

T=D/V x 10“5# At 10 em/sec, 3»5-5 phi material can reach 

100 km in 12 days. A velocity of 10 em/sec is not 

sufficient to suspended 3 phi material. At 1 cm/sec, 5 phi 

material can reach the basin in 116 days. The information 

displayed in the squares represents the time needed for fine 

sediment to settle through a 3000 meter thick water column 

and the distance travelled during settling. The value of 

3000 meters was chosen since it represents the average 

thickness of water between the MEB and Argentine Basin. The 

settling and subsequent deposition of 3-5 phi material will 

occur once current velocities have diminished and are no 

longer able to suspend particles of a given size. For 

example, a velocity of 13 cm/sec is required to suspend 3 

phi material. With currents wanning to 10 cm/sec, this size 

material will settle through the 3000 meter thick water 

column in 3 days and will travel 28 km. With velocities 

further reduced to 7 cm/sec, 3»5 phi material will settle in 

5 days and travel a distance of 29 km. The settling time 

through the 3000 meter thick water column was calculated 

using the equation T= thickness of water/settling velocity x 
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10“**. The distance traveled while settling was calculated 

using the equation D=T(settling time) x V. 

This data suggests that if velocities of 8-12 cm/sec 

persist for periods of 8-17 days, coarse silt scoured from 

the MEB will be transported to the north a distance of 100 

km (Fig. ?8B). Thus maximum sustained velocities can be 

examined. Therefore, the flux of very fine sand and coarse 

silt to the abyssal floor of the Argentine Basin would vary 

if maximum sustained velocities over the bank ranged from 

8-12 cm/sec, and given the slow rates of sediment 

accumulation in the basin, be recorded. With this in mind, 

the Argentine Basin cores were examined to determine if 

there have been long term < 10** years) fluctuations in the 

flux of very fine sand and coarse silt. 

The cores from the southern part of the Argentine Basin 

consist entirely of alternating sequences of clay and sandy 

clay. Sand/silt/clay ratios were calculated every 10 to 15 

centimeters for Robert Conrad cores 11-67» 11-68, and 11-69 

(Fig. 18). Total grain size analyses were conducted at 50 

cm intervals. Results of this analysis indicated the 

presence of discrete sand units. The most striking evidence 

for this is presented in the percent sand versus depth in 

core plot of core RC11-67 (Fig. 29). Four sand spikes are 

clearly evident. The fact that these sand peaks appear 

within sandy clay units suggests that these once distinct 

S3nd bodies have undergone homogenization by bioturbation. 
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Figure 39. Plot of percent sand versus depth in core for 
Robert Conrad core 11-67 from the Argentine 
Ba s i n . 



O' 

1 

2 

3- 

4 

5 

6 

7 

8 

9 

10 

11 

% SAND 

170 

RC11 -67 



171 

It was initially thought that these sand units were derived 

from the bank and might reflect episodic scour events. 

However, size frequency curves (Fig. 40), representing the 

sand packages of Core RC11-67t provide evidence for bottom 

transport and winnowing of very fine sediment (3 phi and 

finer) on the deep seafloor, not settling from suspension. 

This information might suggest that the scoured fines from 

the MEB have either settled out in the basin and were 

subsequently eroded by bottom currents, or strong surface 

currents exist which have not allowed for deposition of this 

material. It is believed that Antarctic Bottom Water moves 

as a strong westward-flowing boundary current in this area 

(Gordon, 1Ç67). It seems reasonable to suggest, therefore, 

that the sand spikes represent pulses of increased AABW 

flow. The bed-load transport modes illustrated in Figure 40 

indicate bottom current velocities on the order of 10-12 

cm/sec. These velocities are capable of winnowing fine 

material from the beds. This data alone provides only 

speculative clues as to the fate of the fine material 

scoured from the bank. 

Figure 41, however, presents data which has important 

implications with regard to the dispersal of fine material 

from the MEB. ' Plotted are the percentages of coarse silt in 

the 4-5 and 5-6 phi size range for Robert Conrad core 11-67. 

The amount of 4-5 phi sediment averages just 2-3* in all 

samples, including the pronounced sand peaks. We know that 
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Figure HO. Grain size frequency curves representing sand 
units of Robert Conrad core 11-67. 
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4-5 phi material can be suspended by velocities of less than 

H cm/sec (Fig. 28A), and that with a sustained velocity of A 

cm/sec would reach the sites of the Argentine Easin cores in 

approximately 30 days (Fig. 38B) . The amount of 5-6 phi 

material averages approximately 15?. With a sustained 

velocity of 1 cm/sec (Fig. 38A), this size material would 

reach the basin in 116 days (Fig. 38B) . Although the time 

needed for the very finest of particles to reach the basin 

under low current velocities, as shown in Figure 38B, is 

great, the probability that currents are sustained at low 

velocities is greater than for higher velocities. 

This data has important implications in terms of the 

paleoceanographic history of the area. Current velocities 

on the order of 20-30 cm/sec have been inferred for this 

region during times of Pleistocene glacial episodes in 

Antarctica (Ciesielski et al., 1582). Assuming sustained 

velocities, fine sand to clay-sized material would reach the 

basin in a matter of days. The virtual absence of 3-4 phi 

sediment from the Argentine Easin cores suggests that 

sustained velocities, even on the order of 4-13 cm/sec 

(required mean velocity for suspension of this size 

material) were not present. It is evident that this size 

material most likely did not reach the basin. It must also 

be mentioned that the absence of 3-4 phi sediment from the 

Argentine Easin cores does not reflect a source problem. 



177 

Virtually all sizes of particles on the MEB have been 

available for sediment transport. 

The velocities of 8-12 cm/sec assigned to the MEB 

represent m ax im um velocities. The importance of examining 

the amount of fine material contained within the Argentine 

Easin cores is that it provides an estimate of duration of 

any given current velocity. The relatively low amounts of 

4-5 and 5-6 phi material coupled with a rather uniform 

distribution of this sediment down core suggests that coarse 

silt scoured from the bank most likely did not reach the 

Argentine Basin sites. If strong currents had caused 

considerable erosion of the bank, as has been postulated for 

times of Pleistocene glacial episodes, then I would expect 

to find greater quantities of this material in the Argentine 

Basin. Deployment of current meters in many areas of the 

Southern Ocean as well as in the Argentine Basin has shown 

that most oceanic current velocities are sustained for only 

very short periods of time. This implies that the fine 

material would have to settle at some point. Even if 

current velocities of 20 cm/sec were sustained for a period 

of 6 days, 3 phi sand should be present in these Argentine 

Easin cores. 

The data presented and discussed clearly suggests that 

bottom current velocities during the PIio-Pleistocene were 

at no time sufficiently strong to cause considerable erosion 

of the Maurice Ewing Bank. Surface and down-core grain size 
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distributions suggest only moderate bottom flow. Moreover, 

the absence of significant quantities of fine sediment in 

the Argentine Basin cores suggests that, although the 

velocities may have been strong enough to transport even 

very fine sand to the basin, the currents were not of long 

enough duration to transport significant quantities of this 

fine material to the area. This information refutes the 

previously inferred causal relationship between glacial 

episodes, current intensification, and bottom scour. 

Additional sampling from the Argentine Basin, along 

with some information concerning the original grain size 

distributions of the material being scoured from the MEB and 

an estimate of how much winnowing occurs in the Argentine 

Basin, would help to futher test this model for fine-grained 

sediment dispersal. 
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CONCLUDING REMARKS 

Grain size analysis of deep-sea sediment samples, 

indirect determinations of current velocities, and 

hydrographic data provided the basis for this sedimentologic 

study of the Maurice Ewing Bank. The major conclusions are 

as follows : 

1. Modern sediment distribution is controlled by 
bottom currents, surface currents, and is modified 
by mass-flow processes. 

2. Sediment types can be defined based on unique grain 
size distributions. 

3. Indirect determinations of current velocities for 
surface samples suggest a uniform energy regime of 
8-12 em/sec over the bank. These moderate 
velocities are supported by geostrophlc velocity 
profiles. 

4. Current velocities assigned to down-core samples 
indicate no major fluctuations in circumpolar 
current intensity since PIio-Pleistocene time. 
Sim ilar results were obtained from examination of 
Arg entine Basin cores. 

5. The previously J Inferred pul ses and waning events of 
the Antarctic Circumpola r Cur r ent, which have been 
causally linked to glaci al and interglacial 
episodes in South America and Antarctica, are 
refuted by the results of this study. 

6. The identification of mass-flow deposits on the 
MEB provides an alternate explanation for the 
depositional and erosional history of the MEB since 
Plio-Pleistocene time. 

This study has conclusively shown that the application 

of grain size distributions to identify styles of sediment 

transport and current velocities at the benthic boundary 
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layer, along with physical oceanographic data, can yield 

meaningful Information in terms of the sed imentolog ic and 

pal eoceanog raphic history of deep-sea environments. This 

analytical approach is particularly useful for regions which 

are characterized by deposition of poorly sorted, 

glacially-derived sediments and where the dynamics of 

circumpolar currents are poorly understood. 

Additionally, the results of this study demonstrate 

that misinterpretations regarding current velocities may 

result when statistical parameters, such as mean grain size, 

are used as indicators of fluctuations in bottom current 

velocities. Similar conclusions can be drawn concerning the 

use of bottom photographs and nephelometer profiles to infer 

the relative strength of bottom energy regimes. 

Perhaps the most important implication to emerge from 

this study, however, is the need to use a multi-discipline 

approach to accurately investigate sedimentologic and 

paleoceanographic environments in the deep ocean. Tectonic 

events, glacial conditions, fluxes of ice-rafted detritus, 

shifts in the Polar Front, pelagic sedimentation, and 

circumpolar currents have all played an integral role in 

influencing the depositional environment of the MEB. 

Misinterpretaions can result if all controlling agents are 

not considered. It is hoped that this study will encourage 

similar research to be carried out in deep-sea environments. 
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APPENDIX I 

In accordance with the RUASA method, each original 

sample was mechanically separated into gravel, sand, silt, 

and clay fractions. Initially, five to ten grams of each 

raw sample were thoroughly dried and weighed. The sample 

was then wet sieved through a 63 micron sieve to separate 

the gravels and sands from the finer components which were 

collected in a plastic beaker. The fraction coarser than 63 

microns was dried; the sands and gravels were subsequently 

dry sieved and weighed separately. The silt and clay 

fractions were allowed to settle in the beaker for several 

hours, after which the material was rinsed into a decanting 

tube. Water was added and the tube was shaken and allowed 

to stand for 8 minutes and 22 seconds for decanting at 6 

phi, after which the fine silts and clays were siphoned off. 

Repeated applications of this procedure occurred until the 

water remained clear. The remaining coarse silt fraction 

was allowed to completely settle for several minutes. The 

water was siphoned off and the sediment was removed from the 

tube to be dried and weighed. The percent of fine silt and 

clay removed during the decanting process was calculated by 

subtraction of the gravel, sand, and coarse silt fractions 

from the original total sample weight. 

A 1.0 to 1.5 gram sand-sized sample was split from the 

total sand fraction and introduced into the large tube via a 

tray upon which the sand was spread uniformily with a thin 
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layer of calgon solution. The coarse silt material was 

introduced directly into the small tube from a vial 

containing .2 to .3 grams of the material along with 

approximately 40 ml of water. The fine silt and clay 

fraction was analyzed in the hydrophotometer for relative 

weight percent. 
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APPENDIX II 

SEDIMENT TEXTURAL DATA 

(Textural data for grain sizes between -1.0 and *1.0 phi) 
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CORE DEPTH 
(cm) 

4-5 
1 4-15 
24-25 

14-15 
29-30 
4 4-45 

5-6 
15-16 
25-26 
35-36 
45-46 
55-56 
65-66 

2-3 
5-6 

14-15 
24-25 
34-35 
4 4-45 
55-56 
64-65 

* 74-75 
84-85 
94-95 

2-3 
12-1 3 
1 9-20 
30-31 
39-40 

APPENDIX II 

G$S$M M-PHI ST. DEV. SKEWNESS 

0:79: 21 

CORE EL6-2 

2.54 .58 
2:83: 15 2.23 .58 — 
3:72: 25 2.26 . 66 - 

0: 32: 68 

CORE EL6-3 

3.35 .83 
0:23: 77 3.67 . 38 - 

0:22! 78 3.76 .29 - 

5:51: : 44 

CORE EL6-8 

2. 15 .76 ♦ 
2:56: : 42 2. 06 .67 ♦ 

1 9:45! : 36 1.93 .69 + 
4:73: : 23 1.89 . 62 + 

32:43: : 25 1.73 .83 - 
24:4e: : 28 2.07 .68 ♦ 
40:27: : 33 1.71 .98 - 

3:55 42 

CORE EL9-2 

2.21 1.04 
0:48 52 2. 19 .98 - 
1:69 30 2.02 .97 - 

2:71 27 1.75 1.13 - 
5:69 26 1.96 1.05 - 

19: 66 15 1.66 1. 11 - 

10: 62 28 1.94 1.00 - 
3: 65 32 2. 09 1.00 - 

6:58 36 2. 11 1.00 - 

7:51 42 2. 46 1.08 - 
2:54 44 2. 34 1.09 - 

0:58: : 42 

CORE EL9-3 

2.44 1.07 
3:69: ! 28 1.94 1.02 - 

0:68: : 32 2.23 .85 - 

7: 64: : 29 1.99 1.03 • 

11:56: : 33 1.82 1.13 - 



198 

CORE DEPTH G:S:H M-PHI ST. DET. SKEWNESS 
(cm) 

CORE EL9-3 (cont .) 

51-52 23:55:22 1.81 1.04 
59-60 7: 59:34 2. 23 1.02 » 

69-70 2:49:49 2.42 . 82 » 

80-81 0: 49:51 2. 38 1.01 » 
90-91 0:47:53 2. 29 1.02 
99-100 5:58:37 2.03 1.03 - 

CORE EL9-4 

9-10 0:55:45 2.48 . 82 —„ 

3 9-4 0 1: 49:50 2. 54 1.08 • 

70-71 4: 46: 50 2. 67 .77 • 
99-100 1:39:60 2.69 . 84 • 

131-132 0:47:53 2.63 .73 - 

159-160 0:48:52 2. 42 1.07 
1 90-1 91 9:44:47 2.39 . 1. 14 - 

CORE ELI1-32 

9-11 0:92:8 2.84 .32 + 

CORE EL11-3* 

0-5 0:31:69 2.79 .64 - 

CORE EL11-35 

5-8 0:78:22 2.20 .57 ♦ 

CORE 0775-1 

2-3 0:34:66 3.52 . 81 + 
12-13 0:88: 12 3. 14 . 34 + 
1 9-20 0:90: 10 2. 84 .50 ♦ 
24-25 0:90:10 2.53 .51 + 
29-30 0:90: 10 2.23 . 46 + 
34-35 5:87:8 1.94 .57 0 
4 4-45 26: 62: 12 1.83 .79 + 

CORE 0775-42 

4-6 0:91:9 3.04 .30 ♦ 
13-15 1:88: 11 2.07 . 61 ♦ 
23-25 1 6:64:20 1.38 .98 ♦ 
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CORE DEPTH G:S$M M-PHI ST. DEV. SKEWKESS 
(cm) 

CORE 0775-43 

9-10 0:89: 11 2. 42 .73 
3 9-40 10:73: 17 2. 00 .92 
69-70 2:86: 12 1.92 .88 
99-100 3:76:21 2.48 .85 

129-130 1:87:12 2. 31 .82 
159-160 0:72:28 2.65 .83 •• 

179-180 0:72:28 2.56 .80 • 

CORE 0775-52 

5-7 2:90:8 2. 11 . 44 ♦ 
1 6-18 1:83: 16 1.98 .59 
25-27 2:86: 12 1.72 . 62 » 

3*1-36 1:79:20 1.88 .69 
4 3 —** 5 5:79: 16 1.78 .67 
5 4-56 6:77:17 1.66 .68 
64-66 11:70: 19 1.72 .75 - 

CORE 0775-53 

2-3 6:43:51 2.66 .90 
12-13 1:51:48 2. 11 .96 » 

24-26 0:85: 15 1.88 .85 M. 

34-36 0:84: 16 1.94 .79 
4 4-46 10:75: 15 1.73 .87 
5 4-56 9:76: 15 1.82 . 96 
64-66 6:79: 15 1.94 .86 
74-76 9:68:23 2.20 .87 
85-87 27:49:24 1.83 1.00 * 

CORE 0775-54 

2-3 0:52:48 2.76 .82 
12-13 1:53:46 2.55 .86 — 

22-23 0:81: 19 2.25 .98 — 

32-33 13:72: 15 2. 38 1.01 « 

42-43 4:75:21 2. 35 .94 » 

54-56 8:62:30 2. 43 1.16 » 

64-66 6:68:26 2.52 . 98 
73-75 0:67:33 2.55 1.01 « 

85-87 0:48:52 2.88 .89 — 

93-95 0:56:44 2.58 1.08 - 
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CORE DEPTH GtS:M M-PHI ST. DEV. SKEVNESS 
(cm) 

2-3 7ï 58! 35 

CORE 0775-57 

2. 13 1.24 
12-13 3: 38! 59 2. 35 1. 19 « 

1 9-21 11:50! 39 1.21 1. 15 • 

29-31 21:52: 27 1.37 1.09 « 

33-35 15:52: 33 1.34 1. 16 « 

44-46 36:27: 37 1.24 1.05 + 

54-56 17: 48: 35 1. 18 1. 18 ♦ 

4-6 23:62! 15 

CORE 1176-9 

1.62 1.00 
14-16 21:60! 19 1.62 1.25 - 

ft-6 0:62: : 38 

CORE 1176-10 

2. 52 .77 
12-15 1:82! ! 17 2. 11 .84 » 

24-26 7:75: : 18 1.88 .83 « 

34-36 11:76! ! 13 1.66 .96 - 

4 4-46 12: 69! ! 19 1.75 .85 « 

54-56 8:79! ! 13 1.38 1.06 - 

70-73 43: 27: 30 1.67 .98 - 

79-81 1:78! ! 21 2.04 .94 - 

4-6 3:79 18 

CORE 1176-12 

2. 14 .86 
14-1 6 5:82 13 2.05 .90 - 

24-26 2:82 16 2. 18 .83 • 

34-35 9: 60 31 2.05 .94 - 

4 4-45 7: 62 31 1.98 .90 * 

54-55 15:60 25 1.85 .88 - 

63-65 22: 45 33 2.07 . 97 - 

74-76 7:73 20 2.07 . 87 - 

84-86 2:67 31 2. 03 . 94 - 

94-96 2:72 26 2.08 .87 - 

2-3 0: 10! : SO 

CORE 1678-18 

3.45 .93 
14-15 0:50! ! 50 3.08 . 64 - 

24-25 0:87! ! 13 2. 38 .70 - 

3 7-3 8 1 6:74! ! 10 1.65 .70 - 
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CORE DEPTH G:S:M M-PHI ST. DE?. SKEWNESS 
(CB) 

CORE 1678-18 (coot.) 

*19-50 22:53:25 1.41 .88 ♦ 
79-80 26:38:36 1.49 .91 + 
99-100 0:90: 10 1.45 .56 ♦ 

109-110 28: 64:8 1.07 . 66 
124-125 56:36:8 .96 .77 + 
149-150 47:45:8 1. 18 . 80 ♦ 
165-166 30:63:7 1.04 .77 ♦ 

CORE 1678-19 

2-3 1: 66:33 2. 15 .90 _ 

7-8 4:80: 16 1.62 .91 « 
17-1 8 6:81: 13 1.77 .81 - 

CORE 1678-21 

2-3 2:74:24 2.48 .84 
9-10 8:66:26 2.46 .93 - 

1 9-20 10:67:23 2. 68 . 86 - 
29-30 8:42:50 2.94 .90 - 

CORE 1678-23 

3-5 18:67: 15 1.28 .94 + 
11-13 3:84: 13 1.55 .72 + 
23-25 37: 37:26 1.51 .84 + 

32-34 27:«7:26 1.61 .91 ♦ 
3 9-4 1 0:84:16 1.63 .74 ♦ 
51-53 0:84:16 1.49 .84 + 
59-61 2:93:5 1.06 . 60 + 
69-71 0:95:5 1.27 .56 + 
79-81 0:92:8 1.66 .66 + 

CORE 1678-26 

4-6 0:80:20 1.89 .87 —, 

12-14 2:79: 19 1.84 . 90 - 

1 9-20 17:57:26 1.93 .90 - 

25-26 0:60:40 1.96 . 91 - 

33-34 0:71:29 1.88 .84 - 

CORE 1678-27 

4-5 9:79:12 1.50 .83 
14-15 17:67: 16 1.25 .78 - 
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CORE DEPTH G:S:M M-PHI ST. DEV. SKEWNESS 
(cm) 

CORE 1678-28 

2-3 10:42:48 1.99 1 . 11 
5-6 8:56:36 1.76 .92 + 

13-1 * 50:17:23 1.66 1 . 00 + 
59-60 1:58:41 2.26 .85 - 

69-70 6:57:27 2. 34 .83 - 

169-170 0:67:33 2.55 . 60 - 

179-1eo 0:77:23 2.78 .52 + 

CORE 1678-29 

2-3 42: 44: 14 2. 02 .97 - 

CORE 1678-30 

2-3 2:74:24 2. 10 .98 
4-5 0:67:33 2. 01 .94 - 

14 — 15 1:78:21 2.C8 .89 - 

24-25 4:80: 16 1.82 .96 — 
34-35 16:72: 12 1.95 1 .00 

CORE 1678-34 

2-3 2: 65:33 1.78 .90 
7-8 11:74:15 1.81 .81 - 

17-1 8 1:78: 21 1.82 . 82 — 
27-28 20: 64: 16 1.76 .81 - 

CORE 1678-35 

4-6 6:82: 12 2.29 .76 
14-1 6 0: 83: 17 2.22 . 90 - 
24-26 6:75: 19 2.22 .76 

CORE 1678-36 

1-3 26-63-1 1 1.90 .91 - 

CORE 1678-41 

1-3 16:72:12 1.68 . 98 ri 

5-7 35:55: 10 1.71 .90 - 

CORE 1678-43 

4-6 40:56:4 1.46 .97 
14-16 53:29:8 1.43 .94 - 
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CORE DEPTH G:S*M H-PHI ST. DEV. SKEWNESS 
(cm) 

CORE 1678-45 

2-4 10:85:5 1.72 .75 - 

CORE 1678-46 

2-4 40: 45: 15 1.35 .84 - 

CORE 1678-48 

1-3 37: 59:4 1.31 .78 
5-7 36:60:4 1.35 .79 - 

CORE 1678-51 

2-4 2:92: 6 2. 58 . 50 
7-9 1: 52:7 2.72 .51 - 

12-14 2:94:4 2. 43 .57 - 

17-18 2: 70:28 1.98 .68 + 

21-23 19:77:4 .84 .58 ♦ 
25-27 39:57:4 .55 .76 + 

CORE RC15-82 

4-5 0: 84: 16 2.24 .75 
14-15 12:73: 15 1.34 1. 12 ♦ 
24-25 12:69: 19 1.78 .90 - 

34-35 40: 45: 15 1.87 .99 - 
4 4-45 41:42: 17 1.84 .98 - 
54-55 8:52:40 1.83 .54 - 
64-65 46:34:20 1.67 . 95 - 
74-75 1 5: 4?:36 1.70 1.02 - 
84-85 20:49:31 1.73 .96 ♦ 

CORE RC15-85 

1 0-1 1 0:42:58 2.90 .75 
20-21 0: 34:66 3.01 .71 + 

CORE RC15-137 

4-5 0:70:30 1.90 . 60 + 
14-15 0:68:32 1.89 . 60 ♦ 

CORE RC16-111 

2-3 0:41;59 2.63 .93 
1 0-1 1 0:41:59 2. 94 .74 - 
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CORE DEPTH G:S :M M-PHI ST. DEV. SKEWNESS 
(cn) 

CORE FC16-111 (cont.) 

18-19 0: 551 45 2.64 .77 
24-25 0! 76, 24 2.59 .77 - 

CORE RC18 -8 

Ç-10 6 79 15 2. 45 . 60 
39-40 4 48 48 2.40 .84 — 
69-70 13 40 47 2.54 .96 
99-100 0 40 60 2.84 .69 « 

129-130 0 34 66 2.65 .89 — 

159-160 0 30 70 2. 90 .74 + 
189-190 0 45 55 2. 89 .65 ♦ 
219-220 0 51 49 2.85 .67 + 
249-250 0 47 53 2.81 . 36 
279-280 0 40 60 2.97 .65 + 
309-310 0 48 52 2.96 .33 
324-325 0 34 66 3.24 .48 + 
499-500 0 13 87 3.70 .66 - 
509-510 0 16 84 3.87 . 16 « 
519-520 0 15 85 3.89 . 15 - 

529-530 0 17 83 3.69 .89 - 

CORE V18- 104 

2-3 84i : 9s * 7 1.93 .97 
9-10 3: : 51 : : 46 1.98 1.04 « 

1 9-20 12: : 51 : : 37 1.69 .99 ♦ 
29-30 17: : 49: : 34 1.67 1.05 ♦ 
34-35 71 : : 16: : 13 1.71 1.07 « 
4 4-45 31! : 40: : 29 1.72 .90 ♦ 
54-55 28: : 40: : 32 1.67 .99 + 

CORE V18- 108 

10-1 1 0: : 30: : 70 2.72 .66 » 
20-21 0: : 47: : 53 2.55 .96 — 
30-31 0: : 61 : : 39 2. 33 . 69 • 

CORE V18- 112 

10-1 1 3: : 66: : 31 2. 05 . 88 «■> 

14-15 1: : 76: ! 23 2. 13 .93 * 
20-21 1: : 73 ! : 26 1.81 .77 - 

25-26 t ! 
•J * : 67: î 30 2. 00 .91 - 
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!0RE DEPTH G:S:M M-PHI ST. DEY. SKEVNESS 
(en) 

CORE V18-112 (eont.) 

30-31 8:68:24 1.80 .77 
35-36 4:73:23 1.84 .72 » 

*10-4 1 10:69:21 1.54 .82 » 

45-46 12: 60:28 1.48 .87 - 

CORE ¥18-113 

10-1 1 16:66: 18 1.34 .85 - 

CORE ¥22-92 

2-3 0: 74:26 2. 01 .91 mm 

12-13 0: 69:31 2. 32 .79 - 

22-23 0:78:22 2. 08 . 80 « 
29-30 0:76:24 1.88 .81 • 

59-60 42:51:7 1.61 .84 - 
89-90 10:75: 15 1.97 .90 - 

119-120 0:66:34 2. 03 1.03 • - 
144-145 0:60:40 2. 07 1.03 - 

CORE ¥22-9* 

10-1 1 0:42:58 2. 45 . 82 _ 

25-26 0: 62:38 2. 41 .91 • 
54-56 0:45:55 2. 15 1.07 • 
85-86 4:53:43 2. 49 .99 « 

115-116 4:67:29 1.67 1.03 - 

CORE ¥22-96 

4-5 1 8:60: 22 2.01 .89 
14-15 57:35:8 1.23 .96 ♦ 

CORE ¥31-69 

2-3 0:85: 15 2.82 .47 ♦ 
9-10 0:89:11 2.78 . 35 ♦ 

60-61 13: 48:39 2. 10 .91 - 

90-91 0:93:7 1.92 .65 - 

CORE ¥31-70 

5-6 2:71:27 1.98 . 63 w 

25-26 0:94:6 1.49 .48 + 
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CORE DEPTH CsSsH M-PHI ST. DE¥. SKEWNESS 
(C«> 

CORE I V31-70 (eont. ) 

40-4 1 45: 45: 10 1.40 .98 
55-56 7:84:9 1.60 .54 — 

70-71 34:60:6 .87 .98 + 

CORE V31-72 

2-3 40: 47: 13 1.97 1.04 _ 

12-13 10:63:27 2. 20 1.04 mm 

22-23 1:61:38 2.63 .95 - 

32-33 0: 30:70 2. 49 .98 - 

CORE ¥31-73 

2-3 50:42:8 1.86 1.07 
8-9 44: 44: 12 1.89 1.00 « 

1 5-1 6 2: 51: 47 2.36 .91 * 
23-2»» 1: 33:66 2. 42 . 98 - 

CORE ¥31-75 

5-6 0:70:30 2. 12 .96 
20-21 2:75:23 1.77 .79 
35-36 7: 81: 12 1.40 .90 - 
50-51 2: 82: 16 1.74 .87 - 
61-62 0:87: 13 1.67 . 89 - 

CORE ¥31-76 

1 0-1 1 3: 66:31 2. 16 1.03 
25-26 1:76:23 2. 32 1.07 - 
40-41 1:73:26 2.28 1.05 - 
55-56 3:67:30 1.91 .65 - 
65-66 8:68:24 1. 16 . 81 + 
80-81 4:73:23 1. 15 .96 + 
95-95 10:69:21 1.09 . 90 + 

110-111 12: 60:28 1.09 .89 ♦ 

CORE ¥31-79 

5-6 0:81: 19 2.47 .61 
1 5-1 6 0:91:9 1.57 .47 + 
2 5-2 6 35:58:7 .52 .58 ♦ 
35-36 74:20:6 1.20 1.09 - 
45-46 50:31: 19 1.02 . 90 + 
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CORE DEPTH G:S:M H-PHI ST. DE?. SKEWNESS 
(cm) 

CORE ¥31-80 

5-6 0:81: 19 1.87 .84 ♦ 
30-31 4:83: 13 1.70 . 64 - 

CORE ¥31-82 

22-23 0:70:30 2.96 .39 + 
30-31 0:77:23 2.71 .40 4- 

40-41 3: 81: 16 1.84 .75 - 
50-51 2: 81: 17 1.76 .62 + 

60-61 1: 87: 12 1.31 .65 4- 

70-71 28: 62: 10 1.00 .83 + 
80-81 58:35:7 1. 10 . 96 «f 

90-91 58: 37:5 1.30 1.00 ♦ 
100-101 48:43:9 1.17 . 98 + 
110-111 48: 45:7 1.37 1.01 ♦ 
120-121 33: 55: 12 1. 10 .89 4* 


