
calcite is associated with greenish to white-colored opaline
chert.

Elephant Moraine is forming at the present time by ablation of
sediment-laden ice that underlies it. Ablation rates are being
monitored by 150 wooden dowel rods implanted into the ice
within the moraine and in the blue ice surrounding it. Prelimi-
nary measurements indicate an average summertime ablation
rate of 13.3 ± 0.9 millimeters every 30 days within the moraine
and 17.3 ± 1.1 millimeters every 30 days in the blue ice areas.
The difference is attributable to the protection of the ice from the
catabatic winds by the sediment cover of the moraine. Annual
ablation rates are expected to be less than these summertime
values.

Clasts were seen within the ice at many locations. Excavations
of these clasts suggest that they are aligned along flow lines of
the ice which intersect the surface at about 40°. This observa-
tion, combined with the observed ablation rate, permits an
estimate of the age of the Elephant Moraine. The calculation is
based on the assumptions that the ablation rate is approximately
equal to the vertical iceflow velocity component and that the age
of the moraine is given by its length divided by the horizontal
velocity component. On this basis, the age of the Elephant
Moraine is approximately 30,000 ± 6,500 years. The apparent
youth of the moraine combined with the local topography of the
ice sheet suggest that the Elephant Moraine may be forming
because a significant decrease in the ice thickness allowed irreg-
ularities of the bedrock surface to interfere with the normal flow
pattern of the east antarctic ice sheet in this area. The sediment-

laden ice that underlies the moraine is therefore interpreted as
basal ice, an interpretation that suggests that the blue ice areas
surrounding the moraine may expose a cross-section of the east
antarctic ice sheet.
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helping hand. Last, but not least, we thank the pilots and crews
of the aircraft who took us into the field and brought us back.
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Thermoluminescence of sandstone
clasts of the Elephant Moraine
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Thermoluminescence (TL) offers a potential means of deter-
mining the age of the Elephant Moraine (76°17'34.910"S
157020'04.944"E) described by Faure and Taylor (Antarctic Jour-
nal, this issue). Previous studies on a variety of TL-emitting
minerals (e.g., Wintle and Huntley 1982) have demonstrated

* Present address: Brookhaven National Laboratory, Upton, New York 11973

that TL is affected by exposure to solar radiation. In principle, a
moraine's solar exposure history can be determined from the
magnitude of solar-induced TL effects exhibited by clasts at
various locations within the moraine. The Elephant Moraine
appears to provide a favorable setting to test the feasibility of
this approach because clasts of sandstone emerge from the ice
and are exposed to sunlight during their transport on the ice
sheet surface. Reported here are the initial results of TL

measurements on three such clasts from different locations
within the moraine.

Sandstone clasts were collected from the "little moraine"
which lies just east of the main Elephant Moraine body and
north of the camp location (figure 1). This segment of the mo-
raine appears to be forming as clasts emerge from ice at its
southern end and travel northward as the ice sheet flows. Thus,
clasts found at the southern end of the moraine are expected to
have experienced less sunlight exposure than those at the north
end. Three sandstone clasts at different distances from the
present southern tip have been measured (see figure 1 for
locations); E (southern tip a few centimeters below the ice sur-
face); D (11 meters north of E); and F (975 meters north of E). The
positions of the samples suggest that F received more sunlight
than D whereas E received none.

About 5 milligrams taken from the exterior of each clast were
heated from room temperature to about 500°C and the intensity
of the emitted light as a function of temperature was recorded,
the so-called "natural glow curve." The aliquots were subse-
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Figure 1. Map of the Elephant Moraine showing survey lines and the
location of the "little moraine" north of camp on the east side of the
Elephant Moraine.

quently irradiated with beta-particles from a strontium-90
source and the artificially induced TL glow curves were meas-
ured. The natural IL intensity was then expressed in terms of
"equivalent dose," or ED., defined as (natural TL/artificial TL)
times laboratory dose. E.D. is useful in the present application
because variations in natural TL due to effects other than IL

sensitivity differences are of interest.
A comparison of the natural glow curves shows that the low-

temperature thermoluminescence of the exposed samples, F
(975 meters) and D (11 meters), is significantly enhanced com-
pared to that of the unexposed sample, E (no sun) (e.g., figure
2). The exposed samples also exhibit enhanced E.D. at the same
temperature (about 275°C) indicating that the TL increase is
unrelated to any difference in IL sensitivity between the spec-
imens. However, the E.D. of F (975 meters) is less than that of D
(11 meters) in apparent contradiction to the assumed exposure
model. A possible explanation for the discrepancy is that clast F
was initially exposed within the moraine rather than at the
southern end and therefore received less sunlight than D.

These initial results strongly suggest that sunlight has in-
creased the thermoluminescence of sandstone clasts within the
Elephant Moraine. Additional research is required, however, to
test the feasibility of accurately evaluating the sunlight exposure
times from the magnitudes of the observed enhancements.
There are three principal complications. First, the TL
enhancement calibration curve (i.e., TL versus sunlight ex-
posure time), determined by taking an interior (sunlight
shielded) fragment and exposing it to sun for various times, is
expected to be different for each specimen and may vary with
incident spectrum. The relationship between exposure in Ant-
arctica and exposure at the laboratory site must be quantified.
Second, sandstone is a reasonably opaque rock and sunlight
attenuates rapidly with depth. Grains from very near the sur-
face of clasts must be used and the precise depth of the par-
ticular grains measured must be known. If erosion has oc-

Temperature, C

Figure 2. Natural thermoluminescence glow curves showing the
enhancement of low-temperature thermoluminescence caused by
exposure to sunlight. ("m" denotes "meter." "TL" denotes
"thermoluminescence:')

Figure 3. Variation of the equivalent dose (ED.) in rads with tem-
perature in °C indicating an increase in (ED.) caused by exposure to
sunlight of samples D and F compared to E which was still embed-
ded in the ice at the time was collected. ("TL" denotes
"thermoluminescence:')
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curred, this shielding depth may not have been constant. Third,
specimens whose orientation has not changed during the ex-
posure history must be identifiable.

We repeat the acknowledgement of Faure and Taylor in this
issue. This research was supported by National Science Foun-
dation grant DPP 83-14136.
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Magnetic model studies of volcanic
cones in the ice-free valleys of

southern Victoria Land
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Ground magnetic profiles were made across 11 volcanic cones
in the Taylor and Wright Valleys region (Ervin and Wolf 1977) as
part of the Dry Valley Drilling Project. Nine of the cinder cones
are located at four sites in Taylor Valley: Mount Coates, Mount
J.J. Thomson, Sollas Glacier, and Nussbaum Riegel. One out-
crop is in Wright Valley near Goodspeed Glacier, and the last
one is near the head of the Meserve Glacier located in the
Asgard Range between the two valleys.

In addition to the magnetic measurements, hand samples of
the volcanics were collected at each site. Four of the samples
were taken from rocks that appeared to be in place, so the tops
were marked to permit determination of the polarization
direction.

One objective of the ground survey was to look for the pres-
ence of "feeder pipes" that might be the source of the outcrop.
While many of the profiles exhibited the highly fluctuating field
commonly encountered in association with surface volcanics,
some of the profiles had fields of sufficient regularity to suggest
the presence of deeper, more coherent sources. Therefore, the
best three of these were selected for model analysis.

The first model was constructed for a 200 gamma anomaly in
Wright Valley. This is a small exposure on the floor of the valley
near Goodspeed Glacier. The anomaly is reproduced by a small
model only 13 feet across and 25 feet thick, with a susceptibility
contrast of 0.0036 centimeter-gram-second units, which is in
agreement with laboratory susceptibility measurements made
on hand samples from the site. The small dimensions of the
anomaly source and its location within the sediments on the
valley floor suggest that the volcanic rock is not in place, but is
probably a glacial erratic.

The second cone modeled was on the side of Taylor Valley,
next to Sollas Glacier. This is a reversely polarized anomaly
(Pederson et al. 1981) whose modeled source is 85 feet long and
40 feet thick, with an apparent susceptibility of 0.009 cen-
timeter-gram-second units. This is intermediate to the 0.002
and 0.0022 centimeter-gram-second units determined for two
hand samples collected at this site. The relative thinness of the
source suggests that the profile did not cross the feeder for this
cone, and the precipitous location of the cone on the wall of
Taylor Valley precluded additional profiling. However, the mag-
ma undoubtedly arose along a fault at the edge of the valley and
is therefore "in place."

The profile adjacent to the Meserve Glacier revealed the most
interesting model. The cone is located on the west side of the
glacier. The model indicates the presence of multiple intrusions,
with normally polarized rocks in the northern part of the out-
crop and reversely polarized rocks in the southern part. The
polarization change also corresponds to a color change from all-
black, normally polarized rocks to a reddish tint for the reverse-
ly polarized rocks. In addition, the model indicates a single
feeder for the southern rocks, but two channels for the northern
rocks.

Two of the top-oriented samples were collected at the Mes-
erve site. One of these shows reverse polarization, while mea-
surements on the other are indeterminant. The other two sam-
ples show normal polarization. One of these is from the vicinity
of the Rhone Glacier and the other from near Sollas Glacier, but
not from the cone that was modeled.
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