
Lake Vancla: source of heating
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Calcite-gypsum terrigenous silt bands at the 55- to

60-centimeter level in the Lake Vanda core.

uall low lake levels. Uranium-thorium dates on the
carbnate phases associated with the gypsum layers
indi4ate an age of 13,600 ± 1,000 years for the 55-
cent meter level and an age of <2,000 years for the
15-cntimeter level. Confirmation of these ages awaits
the Itesults of further uranium-thorium and carbon-14
date currently being processed.
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Lake Vanda, Wright Valley, is remarkable in hav-
ing bottom temperatures of +25°C. in a region
where the mean air temperature is —18°C. Since the
discovery of these high temperatures by Armitage and
House (1962), several explanations have been put
forward. Armitage and House (1962) and Angino
et al. (1964) suggest that the high temperatures are
due to high geothermal gradients or to hot springs.

Wilson and Wellman (1962) refute heating by hot
springs on the basis of extremely horizontal isotherms
in the lake where the temperature is constant to
±0.1°C. for several kilometers. Hot springs are un-
likely in an area such as Antarctica because of the
great thickness of frozen ground and the consequent
lack of liquid groundwater. However, if a hot spring
did exist in the lake then it would be expected that
as the springwater entered the lake it would finger
into its appropriate density and spread across the
lake as a layer losing heat upward and downward and
cooling. In such a situation, horizontal isotherms
would be unlikely. Wilson and Wellman (1962) de-
veloped a theory of solar heating for Lake Vanda.
Their measurements of the solar energy transmissions
through the lake's ice cover showed it to be surpris-
ingly transparent to solar energy (6 percent of the
total solar energy passing through 3 meters of ice).

Wilson and Wellman (1962) also measured the
energy transmission through the water of the lake,
itself, and showed the water to be very clear; with
a half thickness of 14 meters, it has an absorbance
comparable to the clearest in the world. They showed
that solar heating could quantitatively explain the
high bottom temperatures of Lake Vanda. They con-
sidered that the temperature gradient's decrease with
depth could only be explained by heat being pro-
duced within the water, itself, by the absorption of
solar energy. The heat flow in the upper 30 centi-
meters of lake sediment was measured and it showed
that heat was flowing from the lakewater into the
lake sediments. This measurement only is of use in
determining the origin of heat in the lake provided
that a steady state situation can be assumed. For
example, if the lake suddenly cooled as a result of
the lake rising, or an increase in al .bedo of the lake's
ice cover, the solar heat energy transferred to the
bottom sediments would be conducted back into the
lake. Temperature gradient measurements in bottom
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sediments in such a situation would not imply high
geothermal gradient but rather something of the past
thermal history of the lake.

Ragotzkie and Likens (1964) studied the lake in
the summer of 1962-1963 and concluded, on the basis
of temperature gradient measurements, that the lake
was in part solar heated and in part heated by high
geothermal gradient. In contrast to the measurements
of Wilson and Wellman (1962), they claimed that
heat was flowing from the lake bottom into the lake
and measured gradients of the order of 15°C. per
meter; this is extremely high for even the most active
volcanic regions. It should be stressed that measure-
ment of temperature gradients in the sediments on
the bottom of a lake is not as simple as it first appears.
The problem is that in order to drive a measuring
instrument into the lake sediments, work must be done
and this heats up the surrounding sediments. The
measuring instrument must be left in the sediments
for a considerable period of time to allow the attain-
ment of thermal equilibrium before the true gradient
can be measured.

The Dry Valley Drilling Project in 1973-1974 of-
fered a unique opportunity to settle the question. A
deep hole was drilled through the sediments of Lake
Vanda and into the underlying rock. This hole was
sited near hole H on the map of Lake Vanda shown
in fig. 1 of Nelson and Wilson (1972). We were able
to place a multiple junction cop per- cons tantan
thermocouple (six junctions) into the hole with the
lower junction in the underlying basement rock at a
depth of 15.5 meters below the lake bottom and the
upper junction 0.5 meter below the lake bottom. A
Tinsley potentiometer was used to follow the emf
produced by the multiple junction thermocouple.
Measurements were made periodically over 7 weeks,
more than enough time for thermal equilibrium to be
established. The measurements showed that the bot-
tom of the hole was 0.48°C. colder than the bottom
of the lake. This gives an average gradient of
0.032°C. per meter. We have not been able to obtain
a representative sample of lake sediment in order to
measure its thermal conductivity, but on making the
assumption that it lies between that of water (1.4 X
10-3 calories per °C. per centimeter per second) and
granite (4.5 X 10 calories per °C. per centimeter
per second), we can compute that the central part
of Lake Vanda is losing heat downwards at a rate of
0.5 to 1.0 calories per square centimeter per second.

These results convincingly support the hypothesis
that the bottomwater of Lake Vanda is maintained
at high temperature by solar energy and this effec-
tively rules out a mechanism of heating by geothermal
heat flow. It also suggests that Lake Vanda has been
solar heated for some time. If temperatures could
have been measured at closer intervals down the drill

hole, information about the past thermal history of
Lake Vanda could have been obtained; perhaps this
can be done if more holes are drilled.
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Seismic profiles across the extension of
Wright Valley into McMurdo Sou ci
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During the 1973-1974 austral summer, a con inU-
ous seismic profiling survey was attempted to ceter-
mine sediment structure and minimum thicknes for
the western part of McMurdo Sound, where drill
holes are planned for late 1974 as part of the Dry
Valley Drilling Project. The only other data on sedi-
ment thickness in the sound are from the eastern side
by seismic refraction (Robinson, 1963) and by pro-
filing (Houtz and Aitken, 1973). Our survey used a
1,000-joule sparker operated from aboard u CGC

Staten Island. Operations and results are desc ibed
fully in Northey and Sissons (1974).

Noise and equipment problems resulted in oor
records for most of the two 12-hour tows, but two
sections of the record showed significant penetra ions
as the ship was east of the lower Wright Valley (fig.
1) in water that is about 500 meters in depth. The
records show a valley about 3 kilometers wide and
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