
Other aspects of our program included setting
up stratigraphy and sampling markers for various
analyses, including radioactive fallout, trace ele-
ments, microparticles, and stable isotopes.

N. Barkov, Arctic and Antarctic Research Insti-
tute, Leningrad (Soviet Union), participated in
these 1974-1975 studies.

335 meters to east at 1,027 meters to northeast at
1,474 meters.

In addition to the hole survey, all of the remain-
ing ice cores (approximately 300 meters) stored at
Byrd were recovered and sent to McMurdo for ship-
ment to the United States. Since there was not suf-
ficient time to prepare the cores for shipment and
load them on board the supply ship, the cores were
stored at McMurdo for shipment next season.

This work was supported by National Science
Foundation contract C-726.
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A survey to determine amount and direction of
inclination of the Byrd Station drill hole was con-
ducted in the 1974-1975 austral summer. The data
from this survey, when compared to similar data
obtained during drilling of the hole, provide infor-
mation for determining subsurface ice flow patterns
at this location.

The Byrd hole, originally drilled to a vertical
depth of 2,141 meters below the casing in 1968, is
now accessible only to a depth of 1,537 meters be-
cause sub-ice water upwelled into the hole, and the
drill was lost in 1969 during clearing attempts
(Hansen, 1970; Ueda, 1968). The survey was con-
ducted using a multiple-shot inclinometer, , which
was housed in a sealed chamber and lowered into
the borehole by an electrohydraulic winch located
in the Byrd Station main tunnel. The inclinometer,
which was actuated from the surface, photographi-
cally recorded the inclination magnitude and mag-
netic bearing. Measurements were taken from a
vertical depth of 1,474 meters to 91 meters near the
bottom of the hole casing, with measurement inter-
vals of 15 meters near the bottom and 30 meters
in the upper portion of the hole. Measurements -
below the 1,474-meter depth could not be obtained
since the inclination was beyond the range of the
multiple-shot instrument. Attempts to use another
instrument with a greater range were unsuccessful.

Other investigators have reported a complex ice-
flow pattern at Byrd Station (I. M. Whillans, 1975,
personal communications). Preliminary results of
our survey confirm this. The results indicate a pro-
gressively increasing velocity with depth, with the
direction of movement relative to the surface vary-
ing from southwest to 91.5 meters to northeast at
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EXPLANATION
Raised beaches

•
'Young" drift. In places composed
of erratics on bedrock

Figure 1. Index map of Ross	 Old* drift
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floored below sea level on continental shelves in the
Barents Sea, the North Sea, the eastern Norwegian
Sea, and the Arctic Ocean. Moreover, smaller seg-
ments were grounded off Alaska, British Columbia,
Greenland, Iceland, and the British Isles. Hence,
the former existence of grounded ice on antarctic
continental shelves should not be unexpected, par-
ticularly in view of the extensive ice sheet now
grounded below sea level in West Antarctica. In
fact, Hollin (1962) gave one theoretical reason for
the possible existence of grounded Late Würm ice
in the Ross Ice Shelf area. Denton and Armstrong
(1968) and Denton et al. (1970, 1971) later sug-
gested, based on evidence from the McMurdo
Sound region, that the Ross Sea was recently filled
with grounded ice. Further, Mercer (1968, 1972)
interpreted field data near the mouths of the Reedy
and Beardmore glaciers in terms of substantial
grounding of the Ross Ice Shelf.

An ongoing project to map and date moraines
deposited by a succession of grounded ice sheets
that filled McMurdo Sound continued during the
1973-1974 field season (Denton and Borns, 1974).

Surface contours of the youngest ice sheet to oc-
cupy the sound can be reconstructed from the dis-
tribution of its widespread moraines and drift.
Results show that the sheet in McMurdo Sound
was not fed by east antarctic ice dammed behind
the Transantarctic Mountains in the dry valley
region, nor by local glaciers, but rather by grounded
ice that flowed into the sound from an area to the
east and southeast that is now covered by the Ross
Ice Shelf. Denton and Borns (1974) pointed out,
however, that local grounding cannot be differen-
tiated from the presence of a widespread ice sheet
in the Ross Sea on the basis of evidence from
McMurdo Sound alone. In order to determine the
extent of grounded ice, field work in 1974-1975
was done on islands in the Ross Sea and on the coast
of northern Victoria Land (figure 1) from aboard
the USCGC Burton Island. Extensive (as opposed to
local) grounded ice would have affected these areas
that are far from McMurdo Sound.

Beaufort Island, about 24 kilometers north of
Ross Island, is composed of Late Cenozoic volcanic
rocks. Precipitous cliffs nearly encircle the island,
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and very steep slopes rise from these cliffs to an
ice-capped summit. Despite this rugged terrain, the
southwest portion of the island exhibits erratics and
raised beaches, both indicative of former grounded
ice. We found fresh erratics of granite and dolerite
up to 320 meters above sea level; this altitude is
minimum for ice that abutted the island, because
terrain higher than 320 meters appears too steep to
retain erratics. Raised beaches occupy a narrow
platform backed by steep cliffs that produce exten-
sive talus aprons over the uppermost beach ridges.
This topographic situation severely limits the alti-
tude to which raised beaches are exposed. Thus we
could measure only minimum uplift. The highest
continuous beach ridge occurs 3.1 meters above sea
level, whereas the highest beach ridge obscured
by talus may extend to as much as 9.9 meters above
sea level.

Franklin Island, in the Ross Sea about 125 kilo-
meters north of Ross Island, also is composed of
Late Cenozoic volcanic rocks and is ringed with
steep cliffs. Its top is relatively flat and largely ice-
covered. However, we examined several small, ice-
free areas that extend to altitudes of 300 meters
and found fresh granite, sandstone, and dolerite
erratics. The island's actual summit is about 20
meters above the highest erratic, but it is too steep
to retain erratics or drift. The height of the erratics
therefore affords only a minimum value of surface
altitude for the youngest grounded sheet. A plat-
form made up of subhorizontally bedded sand and
gravel occurs on the eastern side of the island. Steep
cliffs again fringe the platform and supply debris
that partly covers it. This situation severely limits
the height to which beach ridges occur. The north-
ern half of the platform exhibits raised beaches.
The highest continuous ridge is 7 meters above sea
level, although ridge segments may occur at higher
altitudes. The southern portion is covered with
debris from adjacent cliffs, and here distinct beach
ridges do not occur on the platform surface; an
exposure through the platform in a sea cliff, how-
ever, reveals a thickness of 19 meters of horizon-
tally bedded sand and gravel. The lower 13 meters
are gray and unweathered, whereas penguin re-
mains have made the upper 6 meters brown. The
lowermost penguin remains gave a carbon-14 date
of 5,340 ±70 years before present (QL-141), and
thus provided a minimum age for deglaciation of
Frankin Island by grounded ice. The uppermost
portion of this exposure reveals in cross section
the remnants of a possible beach that now is 18
meters above sea level and covered by debris from
nearby cliffs.

Terra Nova Bay, on the west coast of the Ross
Sea in northern Victoria Land, shows evidence of
at least two glaciations (figure 2). Drift of the
younger glaciation shows poorly developed soil,

exhibits hummocky topography, contains numer-
ous striated clasts, and lacks cavernous weathering
of clasts. Bedrock covered during this glaciation
commonly is striated and polished. On Tarn Flats,
well-preserved eskers are common (see also Skinner
and Ricker, 1968). Near the top of Inexpressible
Island and near Mount Gerlache, a thin mantle of
young drift overlies cavernously weathered granitic
bedrock. Fresh and striated glacial clasts rest on the
weathered surface and in some cases are lodged in
cavernous hollows. Moreover, the cavernously
weathered surface commonly is striated and pol-
ished. In the western portions of this field area,
young drift extends to more than 900 meters above
sea level, an altitude that is at least 180 meters above
adjacent ice surfaces. The upper limit of young
drift could not be determined here because the
higher terrain was too steep to retain glacial de-
posits. The upper surface of this drift, however,
can be determined in the Northern Foothills adja-
cent to Terra Nova Bay. Here the young drift ex-
tends to altitudes of about 320 to 360 meters, where
its upper limit is bounded by a sharp transition to
older drift that is characterized by cavernously
weathered granite and gneiss clasts, by lack of
striated clasts, by lack of constructional topography,
and by soil development. This older drift extends
up to an altitude of about 685 meters. In the North-
ern Foothills, peaks higher than about 685 meters
show no evidence of glaciation and are character-
ized by extensive cavernous weathering of granitic
bedrock.

The distribution of the young drift, as well as
the striation trends associated with it (figure 2), sug-
gest that the lower portions of the Reeves and
Priestley glaciers thickened considerably during
the last glaciation. Grounded ice flowing eastward
around and over Inexpressible Island was deflected
northward parallel to the coast of the Northern
Foothills. Deglaciation was accompanied by uplift,
for raised beaches up to 30.5 meters above sea
level occur at several localities between Inexpres-
sible Island and Campbell Glacier Tongue (figure
2).

Franklin and Beaufort islands afford rather com-
pelling evidence for recent grounded ice in the Ross
Sea. This evidence, when considered with similar
data of grounded Ross ice of recent age from
McMurdo Sound (Denton et al., 1970, 1971),
Beardmore Glacier (Mercer, 1974), Scott Glacier
(Katz and Waterhouse, 1970), and Reedy Glacier
(Mercer, 1967), suggests to us that a widespread
grounded ice sheet recently filled much of the Ross
Sea. Data from Terra Nova Bay do not indepen-
dently compel such a conclusion but are compatible
with it, for the thickening and northward deflec-
tion of ice probably were caused by a grounded
sheet in the Ross Sea. Reconstruction of surface
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Figure 2. Glacial geology of
the Terra Nova Bay region.

175°	 1800

ice contours from data points in all of these areas
suggests that the grounded sheet represented es-
sentially an expansion of west antarctic ice onto the
Ross continental shelf. At its maximum, of course,
this sheet was also fed by outlet glaciers from East
Antarctica that today drain into the Ross Ice Shelf
and Ross Sea. This interpretation is also consistent
with the studies of Mercer (1968, 1974), Mayewski
(1972), and Denton et al. (1970, 1971), which point
to little, if any, rise in the level of east antarctic ice
dammed behind the Transantarctic Mountains dur-
ing the last glaciation.

Several carbon-14 samples that will afford limit-
ing ages for recession of grounded ice from the
Ross Sea have been collected from Terra Nova
Bay, Franklin Island, and McMurdo Sound. Most
are being dated, and only some results are avail-
able. None has been corrected for the deficiency
of carbon-14 in antarctic marine waters. One date
from Franklin Island already has been mentioned.
Several others from the McMurdo region date the
upper limit of marine features. The foreset beds

of a delta at South River, near Marble Point, gave
dates of 6,350 ±60 and 6,430 ±70 carbon-14 years
before present (QL-46 and QL-72) on Adamussium
colbecki shells. These foreset beds appear to be
graded to the local marine limit of 12.5 meters.
Further, raised silt occurs up to altitudes of at least
7.5 meters in New Harbor, at the mouth of Taylor
Valley. Adamussium colbecki shell samples collected
from deposits that were in place at or near the
upper marine limit gave dates of 6,050 _t70  and
5,800 ±70 carbon-14 years before present (QL-137
and QL-138).

This research was supported by National Science
Foundation grant o pp 75-20044.
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Glacial geologic investigation
of upper Rennick Glacier region,

northern Victoria Land

P. A. MAYEWSKI*
Department of Geological Sciences
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Orono, Maine 04473

The 1974-1975 field season was spent investigat-
ing the upper Rennick Glacier area (figure) for (1)
the relationship between the glacial history of the
study area and the glacial histories already defined
for more southerly sectors of the Transantarctic
Mountains, (2) the history and dimensions of for-
mer fluctuations of the east antarctic ice sheet,
Rennick Glacier, and its tributaries, as recorded in
glacial deposits, and (3) the significance of this area
in paleoclimatic reconstructions of Antarctica and
the world.

* Present affiliation: Department of Earth Sciences, University
of New Hampshire, Durham, New Hampshire 03824.

The Rennick Glacier region was chosen because
(1) air photo inspection and flight reconnaissance
indicated that the area provides the best inland ex-
posure of glacial deposits in northern Victoria
Land, (2) Rennick Glacier is the largest outlet gla-
cier in northern Victoria Land and as such could
record the glacial history of several interconnected
ice masses, namely the east antarctic ice sheet, the
Evans Névé, Gressitt Glacier, and Canham Glacier,
and (3) unlike outlet glaciers farther south along
the Transantarctic Mountains it drains into the
open ocean and not into the Ross Sea. Drainage
into the open ocean allows Rennick Glacier to .re-
spond directly to east antarctic ice thickness changes
and to sea level changes. Rennick Glacier also pro-
vides a potentially wide avenue for the inland trans-
port of moisture at times when the ocean is ice-free.

Fieldwork was done over 59 days (from Novem-
ber 10, 1974, to January 7, 1975) by a four-person
motor toboggan party operating from two main
tent camps (figure). The party consisted of Sergei
Aleksandrovich Abakumov, Arctic Geological Re-
search Institute (Soviet Union), who conducted
bedrock investigations, John W. Attig, Jr., and
Robert D. Slocum, University of Maine, who as-
sisted in the glacial geology, and myself. Snow-
mobile traverses of 2 to 14 days were made from
the main camps, with duration depending on sur-
face conditions en route (figure). Although the
Alpine 440 ER Ski Doo snowmobiles proved ef-
ficient field vehicles, their gas mileage varies with
snow surface changes. This variation, combined
with a limitation as to quantity of fuel carried,
largely dictated routes and traverse times. Field
flights were made, courtesy of the U.S. Navy's
Antarctic Development Squadron Six (vxE-6), using
Lc-130 Hercules airplanes, and were shared with
N.Z. geological parties led by Malcolm Laird and
Roger Cooper.

Detailed glacial histories were determined for
several areas (figure) in the upper Rennick Glacier
area. Preliminary interpretation of results reveals a
history punctuated by four glacial episodes, with all
but the oldest two being separated by identifiable
periods of glacier recession. The glacial episodes,
defined by moraines, drift sheets, and erratics, were
differentiated in the field by (1) elevation, con-
tinuity, and distribution of glacial deposits, (2) litho-
logic and mineralogic components of the deposits,
(3) weathering of surficial clasts capping the de-
posits, and (4) directional indicators recording dif-
ferent flow paths of the ice masses responsible for
the deposition of the glacial materials.

Laboratory analyses are being made to differen-
tiate between soils developed on the various glacial
deposits. Once the glacial episodes are spatially re-
fined-, -ice surface reconstructions will be made. The
glaciaLevents and ice surface reconstructions then
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