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Abstract:  Sediment cores collected in and around the Ross Sea, Antarctica, are
described and discussed based on sedimentological data, such as visual descriptions,
sedimentary structures, magnetic susceptibility, sand contents, and water content.
On the Ross Sea Continental Shelf, the core sequences contain two lithologic units,
soft diatomaceous mud in the upper and compound glacio-marine sediments in the
lower. The lower lithologic unit suggests that highly ice-sheet influenced sedimenta-
tion existed in glacial times in the Ross Sea. The core sequences on the continental
slope and deep-sea basins off the Ross Sea comprise foraminiferal ooze, siliceous
mud, and terrigenous mud, sometimes with laminated parts. The laminated parts of
the core sequences suggest that strengthened bottom water influenced sedimenta-
tion, probably in glacial times. The sedimentary environment in the Late Quaternary
is reconstructed based on the core data.
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1. Introduction

Sediments and sedimentary processes of the sea bottom sediments around
Antarctica are very different from those around other continents and are influenced
more or less by the actions of ice sheets, glaciers, icebergs, and sea ice. In several
glacial times, continental ice sheet and sea ice-covered areas were conspicuously
extended. The sedimentary sequences around Antarctica record long-term
sedimentary environmental changes. The Ross Sea is situated south of the Pacific
Ocean; it is one of the major inlets of the Antarctic Continent and is bordered on the
south by the largest ice shelf in the world, the Ross Ice Shelf. Characteristics of
sediments and sedimentation in the Ross Sea were studied and discussed by several
authors based on the sedimentological, oceanographical and micro-paleontological
data (StersoN and Upson, 1937; Jacoss et al., 1970; CHriss and Frakes, 1972:
KELLOGG et al., 1979; ANDERSON, 1980, 1991; ANDERSON et al., 1984; EDWARDS et al.,
1987; DEMASTER et al., 1992; BRAMBATI ef al., 1994). In these studies, EDWARDS et al.
(1987)describedsedimentcoresamplesinthe westernRossSeaindetail,and ANDERSON et
al. (1984) discussed the sediment samples in the whole area of the Ross Sea.

In this paper, first the results of sedimentological analysis on core sediment
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samples in and around the Ross Sea are shown; next, the sedimentary processes and
sedimentary environment are discussed based on these data. As to the same samples
of this study, the heavy mineral provenances and their relation to sea surface currents
have already been discussed in separate papers (AGYINGI ef al., 1995; TOKUHASHI el
al., 1996).

2. Geomorphology and Bottom Sediments in and around the Ross Sea

The continental shelf of the Ross Sea is deep, up to 500 to 600 m deep on
average, and several banks and troughs are developed generally with a NNE-SSW
trend. These topographic features result from geologic structures of sedimentary
basins and glacial erosion in the Quaternary (DAVEY et al., 1987). The shelt break of
the Ross Sea occurs at relatively great depth (approximately 800 m); the greatest
depths on the shelf occur in its landward rather than seaward part (CHriss and
FraKES, 1972).

According to ANDERSON ef al. (1984) and McCoy (1991), the deeper (greater
than approximately 300 m) portions or basin floors of the Ross Sea Continental Shelf
are covered by muddy sediments (compound glacial marine sediments), whereas
shallower (above approximately 300 m) portions or bank areas of the shelf are floored
by coarser (sand and gravel) deposits (residual glacial marine sediments), reflecting
effective sediment sorting by bottom currents to a depth of up to nearly 300 m. The
muddy sediments in the deeper portions consist of terrigenous fine silt and clay, and
siliceous biogenic material containing poorly sorted ice-rafted debris. The continental
slope and deep-sea basins from the area off of the Ross Sea to the Dumont D’Urville
Sea are covered by hemipelagic muddy sediments, such as silt and clay.

3. Materials and Analytical Methods

The sediment samples in the Ross Sea Continental Shelf were collected during
TH91 and TH92 Antarctic Cruises conducted by the Technology Research Center,
Japan National Oil Corporation (JNOC), using R/V HAKUREI-MARU. The core
samples were taken by a gravity corer with an 11 cm diameter and a 5.4 m length.
Fourteen core samples are available for this study. Localities of samples are shown in
Fig. 1 and their location data are shown in Table 1.

On board, visual core description and smear slide observation, and brief analysis
of sand-size fraction were performed. Soft X-ray photography, magnetic susceptibil-
ity measurement, determination of water content and sand grain content were done in
the shore-based laboratory.

Soft X-ray photographs were taken on the one centimeter sliced sediment
samples. Magnetic susceptibilities were measured on one inch cubic samples
continuously throughout the core sequences using a Martison Type-2 susceptibility
apparatus in 0.47 kHz frequency mode. Water contents were measured for samples of
several cubic centimeters with a 10 cm stratigraphic interval using a syringe (OBA,
1983). Water contents, bulk wet density, and bulk dry density were calculated. Sand
contents were measured on the same samples as those for water content measure-
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Fig. 1. Sampling locations in and around the Ross Sea, Antarctica.

Table 1. Location data of the core samples in and around the Ross Sea, Antarctica.

Sample Location Water
No. depth Topography
(Latitude) (Longitude) (m)

GC1201  62°41'41"S  139°52'48"E 4058  Basin floor of the Dumont D’Urville Sea
GC1203  71°20'10"S  175°30'18"E 2224  Upper continental rise north of the Ross Sea
GC1204 77°25'15"S  175°28'12"E 662  Basin floor in the Ross Sea
GC1205 75°55'55"S  175°29'35"E 543  Basin floor in the Ross Sea
GC1206 73°44'33"S  175°30'48"E 580 Basin floor in the Ross Sea
GC1208 68°29'32"S  172°27'36"E 3405 Lower continental rise north of the Ross Sea
GC1301 64°49'45"S  145°01'00"E 3341 Basin floor of the Dumont D’Urville Sea
GC1302  62°29'07"S  144°59'30"E 2537  Lower continental slope of the Dumont D’Urville Sea
GC1303  77°26'46"S  161°11'03"W 672  Basin floor in the Ross Sea
GC1304 77°26'26"S  175°54'30"W 571 Basin floor in the Ross Sea
GC1305  77°26'23"S  169°46'28"W 570  Basin floor in the Ross Sea
GC1306 75°46'11"S  169°59'36"W 1450  Continental slope north of the Ross Sea
GC1307 72°31'04"S  175°27'54"E 527 Bank slope at the shelf break of the Ross Sea
GC1308 72°27'38"S  175°37'54"E 643  Bank slope at the shelf break of the Ross Sea
ments.

Micropaleontological and paleomagnetic analysis were performed on these core

samples (JNOC, unpublished data).
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4. Features of Surface Sediments in and around Ross Sea

Simplified lithologies of the core samples are summarized in Fig. 2. Core
penetration in the Ross Sea is very poor, because of consolidated sediments in most of
the sea bottom. The lithologies of the studied core sequences can be grouped into
three types based on the bathymetric features of sampling sites. They are the
continental slope—deep-sea basin type, continental shelf break type, and continental
shelf type. The first type includes Cores GC1201, GC1301, GC1302, GC1208,
GC1203 and GC1306; its core sequence is composed of pelagic and/or hemipelagic
sediments throughout the core. The second type includes Cores GC1307 and GC1308
and the sediments are characterized by the coarse sediments, such as coarse sandy
sediments with shell fragments. The third type includes Cores GC1204, GC1303,
GC1304 and GC1305, and contains two lithologic units, siliceous muddy sediments in
the upper and silty sediments with pebbles sometimes characterized by high
consolidation in the lower. Cores GC1205 and GC1206 are transitions between the
second and third types and the upper part of their sequences is composed of siliceous
mud, the same as those of continental shelf type, and the lower part is composed of
sandy silt and silty sand with pebbles and shelly coarse sand, the same as those of
continental shelf break type.

Brief descriptions of representative cores of three types are as follows (Fig. 3).

GCI1302 (continental slope—deep-sea basin type)

This core is composed of silty clay throughout the sequence with sandy silt in the
upper and lower parts. Laminations are developed in several parts of the core. The
laminations are observed as one millimeter to several millimeter thick bands on soft
X-ray photographs (Fig. 4E) and the grain sizes of the laminated parts are silt. Sand
contents are less than five percent except for the top and lower parts of the core, and
water contents are variable, between 30 and 120%. The terrigenous sand grains in the
core are thought to be ice-rafted debris because of their dispersed occurrence. The
age of this core is middle to late Quaternary because the lower part of this core
(deeper than 180 cm from the core top) is assigned to Rouxia isopolica Zone
(0.66-0.35 Ma) of the diatom zone of AkiBA (1982) (JNOC, unpublished data).

GCI1307 (continental shelf break type)

This core consists of sandy sediment. Shell fragments, barnacles, bryozoans,
foraminifers, and ostracods occur in the sediments. The sand content is high and
water content is low throughout the core. Silty sediments include pebble gravel and
are semiconsolidated. The preliminary result shows that the AMS 'C age of
foraminifers at 40-42 cm from the top is ca. 34000 yrs. B. P. (MuRrAaYAaMA, personal
communication).

GCI1305 (continental shelf type)

This core is composed of two lithologic units. The boundary exists at 90 cm from
the core top. The upper unit is siliceous clay and contains many diatoms. The lower
unit is semiconsolidated silt with pebble gravel, with remarkably low water content.
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Fig. 3. Three representative core sequences in and around the Ross Sea, Antarctica. Deep-sea basin off
Antarctic (GC1302), continental shelf edge of the Ross Sea (GCI1307), and inner part of the
Ross Sea (GCI1305). The legend of the lithologic columns is the same as that of Fig. 2.
In the sand content diagrams, black parts show >250 um grains, oblique lined ones 250-125
um grains, and dotted ones 125-63 um grains.
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Fig. 4. Soft X-ray photographs of representative samples. A; Homogeneous part of GCI204 (0-20 cm), B;
Homogeneous part with coarse sands of GCI1206 (65-85 cm), C; Muddy part with consolidated silt
fragments of GC1305 (104-124 cm), D; Highly bioturbated part of GCI203 (100-120 cm), E;
Laminated part of GC1302 (58-78 cm), and F; Laminated part with coarse sands of GCI1306
(225-245 cm). Vertical lengths of photographs are 20 cm.

The sand content of the upper unit is low and that of the lower unit is high. Magnetic
susceptibilities are correlated with sand content. The age of the upper unit is assigned
to Nitzschia kerguelensis Zone (0-0.2 Ma) of Akisa (1982); that of the lower unit
cannot be judged based on biostratigraphy because of the assemblage composed of
probable reworked diatoms (JNOC, unpublished data).

5. Sedimentary Environmental Change in the Late Quaternary

The sequences of the core samples in and around the Ross Sea show lithologic
changes. The lithology of the top of the sequences is considered to have been
deposited in the same sedimentary environment as the present.

In the Ross Sea, KELLOGG et al. (1979) recognized lithologic units in the
sedimentary sequence; the upper unit composed of diatomaceous mud is thought to
be of Holocene age based on the '*C dating of organic carbon. Moreover, DEMASTER
et al. (1992) recognized variable thickness and sedimentation rate of the upper unit on
account of the organic productivity and Holocene age for it. The lower unit is thought
to be the glacio-marine sediments in the last glacial time without precise age data
(KELLOGG et al., 1979; ANDERSON et al., 1991). We have no precise data as to the age
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of the lower unit of sediments in the Ross Sea, so we adopt the last glacial time for its
age estimated by KELLOGG et al. (1979), because the lower unit exists just below the
Holocene upper unit with no suggestion of an age gap. The upper unit consists of the
sediments deposited under high organic productivity of diatoms; small content of
coarse sand grains in the upper unit shows the contribution of iceberg transportation
of sand grains to the whole area from the continent, controlled by a surface current in
the Ross Sea (AGYINGI et al., 1995). The lithologies of the lower unit are variable and
complex in some places and they show generally high gravel content and
consolidation. These may include basal till and glacio-marine sediments under the ice
sheet covering most of the Ross Sea Continental Shelf in the last glacial time.
The sediments of the shelf break show coarser sediments, such as shelly gravelly
sands, and suggest sedimentation sorted by inflow currents into the Ross Sea. The age
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Fig. 5. Cartoon of sedimentary history of the Ross Sea area. A; Recent, B;
Retreating stage of ice sheet (early Holocene), and C; The last glacial time.
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(ca. 34000 yrs. B.P.) of the foraminiferal tests and the presence of semiconsolidated
silt in the lower part of Core GC1307 suggest the presence of both of an open marine
environment and strong influence of the ice sheet in the last glacial time.

The sediments of the continental slope—deep-sea basin are characterized by
hemipelagic muddy sediments with a variable amount of biogenic grains and
ice-rafted debris. The continental slope and deep-sea basin environmental change in
the Late Quaternary was discussed based on the nearby Weddell Sea by BonN et al.
(1994). The contour current was strengthened in the last glacial time. The laminated
silty clay in the core sequences of the deeper part of the studied area is thought to
consist of contourites formed by strengthened bottom currents in glacial times as in
the nearby Weddell Sea.

We show a cartoon of the sedimentary environments in the last glacial stage,
retreating stage of glacier, and the recent period, estimated based on the sediment
samples mentioned above (Fig. 5).

6. Concluding Remarks

The studied sediment core samples in and around the Ross Sea can be grouped
into three types, continental slope—deep-sea basin type, shelf break type, and
continental shelf type. In the sequences of all types, we can recognize lithologic
changes reflecting the sedimentary environment. On the assumption that the core top
lithology reflects the present sedimentary condition after the retreat of glaciers after
the last glacial time and that another distinct lithology below the core top lithology
shows the sedimentary environment of the glacial stage, we reconstruct the
sedimentary environmental change after the last glacier. At present, high biogenic
productivity, especially siliceous organism, is present and iceberg transportation of
terrigenous coarse sediments is also present in and around the Ross Sea. In the last
glacial time, most of the Ross Continental Shelf was covered by an ice sheet
continued from the continental ice sheet, and the sediments of deep-sea basins were
modified by strengthened bottom currents in some places.

We show the roughly estimated history of the sedimentary environment, and
propose a cartoon of the sedimentary environmental change from the last glacial stage
to Recent in Fig. 5. Precise age data of the sedimentary sequences are needed for the
further discussion of the sedimentary history of this area.

Acknowledgments

We express our sincere thanks to the on-board scientists and crew members
during TH91 and TH92 Cruises of R/V HAKUREI-MARU. We are grateful to Dr. T.
IsHiHARA, Technology Research Center, Japan National Oil Corporation, Drs. Y.
Oxupa and S. TokunasHI, Geological Survey of Japan, and Dr. M. MURAYAMA,
Hokkaido University, for their discussions and kindly help in the preparation of this
paper. We are deeply indebted to two reviewers, Emeritus Prof. T. Y OSHIKAWA,
University of Tokyo, and Dr. K. Moriwaki, National Institute of Polar Research, for
improvement of our paper.



126 A. NISHIMURA et al.

References

AgvInGl, C. M., TokuHasHI, S. and NisHIMURA, A. (1995): Heavy mineral compositions of surface
sediments in and around the Ross Sea, Antarctica. Taisekigaku Kenkyu (J. Sedimentol. Soc.
Jpn.), 41, 17-25.

AxiBa, F. (1982): Late Quaternary diatom biostratigraphy of the Bellingshausen Sea, Antarctic ocean.
Sekiyu Kodan Sekiyu Kaihatsu Gijutsu Sentd Kenkyu Hokoku (Rep. Tech. Res. Cent.,
J.N.O.C)), 16, 31-74.

ANDERsON, J. B. (1980): Sediments. Antarctic Sector of the Pacific, ed. by G. P. GLAsBY. Amsterdam,
Elsevier, 187-206 (Oceanographic Series, 51).

ANDERSON, J. B. (1991): The Antarctic continental shelf: Results from marine geological and geophysical
investigations. The Geology of Antarctica, ed. by R. J. TinGey. Oxford, Oxford Univ. Press,
285-334.

ANDERSON, J. B., BRAKE, C. F. and Mykgs, N. C. (1984): Sedimentation on the Ross Sea continental shelf,
Antarctica. Mar. Geol., 57, 295-333.

ANDERSON, J. B., KENNEDY, D. S., SmitH, M. J. and Domack, E. W. (1991): Sedimentary facies associated
with Antarctica’s floating ice masses. Geol. Soc. Am. Spec. Pap., 261, 1-25.

BonN, W. J., Furrterer, D. K., and GroBg, H. (1994): Quaternary sedimentation at the Antarctc
continental margin. Terra Antarct., 1, 319-320.

BraMBATI, A., CECCARONI, L., D’ONOFRIO, S., FANzUTTI, G. P., FINOCCHIARO, F., FRIGNANI, M., LANGONE,
L., Meuis, R., and RavaioLr, M. (1994): Paleoenvironmental influences from the Core Anta
91-30 (Drygalski Basin—Ross Sea, Antarctica). Terra Antarct., 1, 335-337.

Curiss, T. and FrakEes, L. A. (1972): Glacial marine sedimentation in the Ross Sea. Antarctic Geology
and Geophysics, ed. by R. J. Apie. Oslo, Universitetsforlaget, 747-762.

Davey, F. J. (1987): Geology and structure of the Ross Sea region. The Antarctic Continental Margin:
Geology and Geophysics of the Western Ross Sea, ed. by A. K. Coorer and F. J. DAVEy.
Houston, Circum-Pacific Council for Energy and Mineral Resources, 1-15 (CPCEMR Earth Sci.
Ser., 5B).

DEMASTER, D. J., DUNBER, R. B., Gorpon, L. ., LEVENTER, A. R., MoRrIsSON, J. M., NELsoN, D. M,
Nrittrouer, C. A. and SmitH, W. O., Jr. (1992) Cycling and accumulation of biogenic silica and
organic matter in high-latitude environments: The Ross Sea. Oceanography, 5, 146-153.

Epwarps, B. D., LEg, H. A., KarL, E., RemmniTz, E. and TiMotHY, L. A. (1987): Geology and physical
properties of Ross Sea, Antarctica, Continental shelf sediment. The Antarctic Continental
Margin: Geology and Geophysics of the Western Ross Sea, ed. by A. K. CoopPer and F. J. DAvEY.
Houston, Circum-Pacific Council for Energy and Mineral Resources, 191-216 (CPCEMR Earth
Sci. Ser., 5B).

Jacoss, S. S., Amos, A. F., and BRUCHHAUSEN, P. M. (1970): Ross Sea oceanography and Antarctic
Bottom Water formation. Deep-Sea Res., 17, 935-962.

KELLOGG, T.B., OsterMAN, L.E. and Stuiver, M. (1979): Late Quaternary sedimentology and benthic
foraminiferal paleoecology of the Ross Sea, Antarctica. J. Foramin. Res., 9, 322-335.

McCoy, F.W. (1991): Southern ocean sediments: Circum—Antarctic to 30°S. Marine Geological and
Geophysical Atlas of the Circum—Antarctic to 30°S, ed. by D.E. Hayes. Wahington, D.C., Am.
Geophys. Union, 37-46 (Antarct. Res. Ser., Vol. 54).

Osa, T. (1983): Importance of constant volume sampling for sediment core study. Kaseki (Fossils), 34,
33-40 (in Japanese with English abstract).

StersoN, H.C. and Upson, J.E. (1937): Bottom deposits of the Ross Sea. J. Sediment. Petrol., 7, 55-62.

TokUHASHI, S., AGYINGI, C.M. and NisHIMURA, A. (1996): Areal and vertical variation of heavy mineral
composition of the surface sediments, Ross Sea, Antarctica. Proc. NIPR Symp. Antarct. Geosci.,
9, 127-140.

(Received March 13, 1996, Revised manuscript accepted July 11, 1996)



