
manganese, X = 336 parts per million (range of
214 to 571 parts per million); iron, X = 2.52 per-
cent (range of 1.91 to 3.70 percent). Gold was
found in two of the suspensates.

No comparative data on the geochemistry of
sediments, suspended or deposited, exist for the
immediate study area, but ferromanganese
material at a depth of 90 meters from 50146'S.
67°28'W. is reported to contain high concentra-
tions of nickel (1.10 percent) and copper (0.80
percent). Compared to the limited published
data on the geochemistry of mineral fractions of
suspended sediments, our numbers are certainly
of the correct order of magnitude. The presence
of gold was unexpected, however.

One presence of gold is from our sample 6
(53 025'S. 67 035'W.) at a suspensate depth of 65
meters where the bottom is at 68 meters. This oc-
currence is exciting because it may be related to a
known land source and open up a new
geochemical prospecting technique for relatively
nearshore regions: use of suspensates. The sam-
ple site is located southeast of Bahia San Sebas-
tian. In 1891, gold was commercially extracted
by panning at El Paramo, on the north side of the
bay. A spit extends from the northeast extremity
of the bay to the south-southeast, thus indicating
the longshore current movement direction; if the
Coriolis force has any influence, the current will
be somewhat deflected more to the southeast.
Our suspended sediment data indicate movement
to the southeast as well. It is quite possible, then,
that the gold found in the suspensate derives from
the El Paramo area source.

Therefore, if the physical oceanographic pa-
rameters of a general study area are known (cur-
rent direction and velocity, for example) as well
as aspects of marine geology (such as mineralogy
of the suspensates and their relation to geological
material on land) and coastal morphology, it
may be possible to assign a potential source area
to geochemically anomalous suspended matter
and project a land geochemical exploration pro-
gram for that area.

During Hero cruise 76-4 (Siegel et al., 1976)
enough suspended matter was collected to carry
out relatively complete geochemical prospecting
analyses along with mineralogy and other scien-
tific data. We hope to do the same for the western
shore zone of the Antarctic Archipelago.

This research was supported by National
Science Foundation grant DPP 73-09317.
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Floor of the Ross Sea and adjacent
oceanic provinces
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The submarine relief of the Ross Sea and its
northern neighboring ocean floor are an integral
part of the morphology of the southern oceans
and the genetic history of Antarctica and its con-
tinental margins. To delineate periantarctic sea-
floor morphology south of 60°S., we have com-
pleted several bathymetric charts and geomor-
phic studies (Vanney et al., 1972; Vanney and
Johnson, 1976 and in press), working westward
from the Antarctic Peninsula. Recent work in-
cludes a series of four bathymetric charts and a
physiographic chart of major sea-bed features of
the Ross Sea. The area considered extends
southward of 60°S. and from 155°E. to 140°W.
The figure is the southwestern chart of the series.
The remaining charts will be elsewhere (Vanney
andJohnson, in preparation).

Data sources. For oceanic areas, bathymetric
data have been compiled from the sounding
master sheet collection of the Defense Mapping
Agency (Hydrographic Center). Most of the data
were taken from aboard icebreakers and support
vessels of the U.S. antarctic program. Data from
the Soviet research vessel Ob, R/V Conrad of
Lamont-Doherty Geological Observatory, and
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USNS Eltanin under the National Science Foun-
dation (NSF) were also utilized. Coastal and land
contours were taken from Naval Oceanographic
Office charts.

The chart of Ross Sea bathyrnetry by Hayes
and Davey (1975) represented a remarkable ad-
vance in the delineation of major bathymetric
features to 3,000 meters in depth between
160°W. to Victoria Land. This map is too
limited in areal extent, however, to determine
the submarine canyons of the continental
margin, and this prompted us to extend their
studies.

Chart compilation. The depths have been cor-
rected from Mathews' tables (1939) for variations
of velocity of sound in sea water. Navigational
controls for route positioning and traverse den-
sities have naturally been variable in view of the
data's diverse origins. Large areas are still almost
devoid of depth data, whereas they are in excess
along the sea route from Christchurch, New
Zealand, to McMurdo Station, Antarctica.

In each case, however, an effort has been made
to obtain accurate plotting of position and depth
from all the bathymetric data available. Isobaths
have been drawn at 200-meter intervals.

Chart features. The continental shelf is broad
and deep and its southern embayment is oc-
cupied by the largest ice shelf in the world, the
Ross Ice Shelf. The rocky and narrow inner shelf
presents a contrasting morphology with a rough,
irregular sea floor. The shelf troughs are
remarkably wide and deep, especially along the
border of the rocky nearshore zone of Victoria
Land (JOIDES, Glomar Challenger basins). In
places, depths as great as 1,000 meters have been
reported. This is also the case in the northwest-
southwest basins off Marie Byrd Land.

A series of elevations form such marginal
banks as Pennell and Ross, with Iselin Bank as a
continuation delineated by the 1,000-meter con-
tour. The bank surfaces are relatively flat-floored
or smooth at depths of 400 to 600 meters with ir-
regularities consisting of hills and an elongated
crest. The bank/channel system is also present
beneath the ice shelf, principally south of Ross
Island (figure).

In contrast to the adjacent Bellingshausen-
Amundsen Basins (Vanney and Johnson, 1976
and in press), the striking difference is the nar-
rowness of the continental rise. The gently
graded rise is indented by some canyon systems
coursing toward the lower flanks of the mid-

Bathymetry of the
southwest portion of the
Ross Sea. Depths are in
corrected meters (Mat-
thews, 1939). Cruise tracks

are shown as dots.
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oceanic ridge. Also remarkable is the absence of
abyssal plains in this sector, and thus the regional
sea-floor morphology is a very significant inter-
ruption between the Amundsen (E) and the
Wilkes (W) abyssal plains (figure).

We plan to complete the series of charts to in-
clude the entire antarctic continental margin and
adjacent sea floor south of 60°S. within the next
year.

We are grateful for the valuable assistance of
the Defense Mapping Agency Hydrographic
Center, and of Dennis E. Hayes of Lamont-
Doherty Geological Observatory, Columbia
University.
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McMurdo Sound sea-level changes
in the last 50,000 years
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Well-known marine terraces lie as high as 23
meters in elevation on the McMurdo Sound
coasts. In the McDonald Beach (77°15'S.

166°21'E.) vicinity of Ross Island, rounded peb-
bles can be seen up to 28 to 30 meters in eleva-
tion, possibly marking a higher former sea level.
Additional evidence of relatively recent sea-level
changes comes from the distribution of tide
crevasses on and close to the northeast coast of
Brown Peninsula (78°05'S. 165°25'E.) and from
the nature of the deltas in the lower Salmon
Glacier valley (77°58'S. 164'05'E.).

A typical tide crevasse appears on the ice sur-
face as an elongated hollow bordered by two
parallel ice ridges covered by till; it contains some
remnant marine organisms. A group of tide
crevasses, the original pattern of which is de-
formed by the ice shelf movement, can be traced
for 5 to 10 kilometers seaward from the northeast
coast of Brown Peninsula (Miagkov, 1972). Their
position on the floating ice gives witness to the re-
cent rise in sea level. The magnitude of this rise
could be determined if we knew the water depth
there.

Another group of crevasses, superimposed on
the first ones, is active now. This group includes
three or four crevasses, located on the McMurdo
Ice Shelf within a 250- to 1,000-meter-wide strip
extending seaward from the shore. It too suggests
a recent rise in sea level. The adjacent slope's
steepness suggests that the rise was no more than
20 meters. It possibly was 15 meters, coinciding
with the depth of submerged terraces discovered
along the Ross Island shore by John Oliver,
Scripps Institution of Oceanography (oral com-
munication, December 1975).

A third group of three or four well-preserved
tide crevasses is parallel to the shore and has shell
fragments at the bottom. This group is up to 40
meters above sea level.

A horizontal strip also relatively rich in shell
fragments stretches along the northeast shore of
Brown Peninsula at an altitude of about 90
meters. This level in some places is accentuated
by a bench in the slope profile and a change in
the petrographical composition of the till cover.
These 90-meter features possibly correspond to
tide crevasses older than any described above.

All these groups of tide crevasses, with dif-
ferent stages of preservation and correspondingly
different ages, suggest the following changes in
sea level: (A) the lowering from not less than 90
meters to a level conforming to the depth of the
sound beneath the crevasse on the McMurdo Ice
Shelf, farthest from shore, (B) the rise to 40
meters, (C) the next lowering to possibly -15
meters, and (D) the current rise marked by the
youngest crevasses on the McMurdo Ice Shelf.

The magnitude of the first lowering may be
specified further using the results of a study of the
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