
Besides involvement in the drilling, we also were
interested in studying secondary minerals in the core
samples and evaporites found around the various sites,
as well as in collecting water samples as part of a
10-year study of sequential changes in chemical com-
position. Thin sections and the working up of geologi-
cal descriptions of the drill core and other related
samples were done at McMurdo's Thiel Earth Sci-
ences Laboratory by using an x-ray diffractometer, a
thin sectioning machine, a clay-size analyzer, and
related items (cameras, microscopes, etc.) that largely
were a Japanese contribution to the trinational (Ja-
pan, New Zealand and the United States) DVDP.

The following is a brief summary of our work.
Mi?leralogical studies. Secondary minerals and evap-

orites from core of holes 3, 5, and 6, and from areas
adjacent to the drill sites were examined by using an
x-ray diffractometer. Among samples collected from
around Lake Vanda, such minerals as gypsum, thenar-
dite, calcite, halite, sodium niter, and diopside were
found in varying concentrations and forms. Laumon-
tite, calcite, chlorite, prehnite, and magnetite also
were found in the dolerite veins on the eastern side
of Dais, suggesting a low grade hydrothermal meta-
morphism of the original rock. The presence of high
watef soluble salts such as halite and sodium niter in
the elevated areas, but not along the shore line, merits
speci1l mention.

The core produced a wide variety of results. For ex-
ample, in core from Lake Vida, minerals such as
aragonite, calcite, chlorite, gypsum, hydrous mica, and
laumontite were found. Their distribution varied with
aragonite being found only between 88 and 92 meters;
in the vicinity of the fault in the core, laumontite and
chlorite were most abundant from 77 to 86 meters and
at 90 meters, respectively. The presence of laumontite
and aragonite suggests either high water temperatures
or Ml + rich waters.

Stable isotope studies. Carbon, oxygen, and sulfur
stable isotopes from ice in the core samples, from
lakewater, and from evaporites were analyzed in an
attempt to precisely determine the salt origin.

8 180 of ice from hole 3 (Ross Island) gave results
of —34.2, —17.4, and —0.1 per mil at depths of 11.3,
111.75 and 330.1 meters, respectively. 8180 of ice from
hole 6 (Lake Vida) gave results of —34.4 and —32.0
per nil at depths of 10.63 and 121.56 meters, respec-
tively, indicating a fairly wide variation with changing
depths. From these results it is clear that ice from
shallower parts of hole 6 originates from surface
freshwater and that ice from the deepest parts of
hole 3 originates entirely from seawater.

On the other hand, 8180 values for Lake Vanda
water at varying depths ranged from —30.0 to —31.9
per mil, giving the lightest isotopic composition
(—. 31.9 percent) at a depth of 50 meters. At depths
below 50 meters, the 8180 values increase with depth

and the groundwater taken from the gravel layers of
the lake sediment (at depths of 72.2 and 75.0 meters)
gave 8180 values from —28.5 to —27.7 per mu; these
are larger than those for the water at the bottom of
the lake. These results suggest that most of the present
lakewater originates from freshwater, while deeper
sediment layers are still under the influence of sea-
water.

8S measurements of gypsum, of thenardite, and
of sulfate in the sediment from hole 4 core also were
taken. Abundant sulfate and carbonate concretions
found in the upper part of the gravel layers in the
core, beneath which were groundwater layers, gave
8S results from +20.5 to +21.1 per mu; a seawater
origin is suggested.

From the results of separate 8180 and 634S meas-
urements of surface salts, the surface sulfate minerals
were divided into three groups according to their
origins. The first, from the shores of Lake Vanda, are
those found in evaporites and originating from sea-
water S01 with 634S values ranging from +19.6 to
+20.9 per mil. The second group, taken from the
Dais, are those originating from hydrothermal action
and had values of + 17.2 to + 17.6 per mil. The third
was found in the gypsum layer under the soil near
Canopus Pond, with values of +14.1 to +14.4 per
mil.

Chemical composition of groundwater at Lake
Vanda. Also in connection with determining the origin
of salt in Lake Vanda water, groundwater from depths
of 72.2 and 75.7 meters was collected and analyzed.
From the results it seems that the concentration of
salt is greater and increases more rapidly with depth.
Also the chlorine ratio of the determined elements
appears to be almost the same, but the most significant
difference is the low sulfate content compared with
that of the water at the bottom of the lake. Further-
more, this seems to correspond with a gradual de-
crease with depth in the concentration of gypsum in
the sediment, determined in our mineralogical studies.

Hydrogeological studies in the
dry valleys

KEROS CARTWRIGHT,
HENRY HARRIS, and

MANOUTCHEHR HEIDARI
Illinois Geological Survey

Urbana, Illinois 61801

Hydrogeological investigations in the dry valleys
began in the 1973-1974 austral summer as part of the
Dry Valley Drilling Project (DVDP). Dr. Cartwright
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Sample
number	Date

1	11/17/73

2	11/20/73
3	11/21/73
4	11/25/73

5	11/25/73

1	12/2/73

2	12/2/73
3	12/2/73

Depth
(meters)

70.9-71.6

72.2
75.7-76.7
79.7-80.6

lake, 60 meters below
ice surface

3.8

0.5
pondwater (175

meters west of
hole 5)

was in the field from November 1 to December 13,
1973, during drilling at holes 4, 5, and 6, and Mr.
Harris was in the field from November 10, 1973, to
January 21, 1974, during drilling at holes 6, 7, and 8.

Hydrogeological investigations were made at all
sites. Observations, except at holes 4 and 5, were
limited to sampling water (ice) in the core. Chemical
analyses of these water samples are incomplete, and
there is little to report. Available data from holes 1 to
3, on Ross Island, suggest that pore water within the
rock changes from non-marine to marine in the Crater
Hill sequence (Treves and Kyle, 1973).

Drilling at Lake Vanda (hole 4) and at Don Juan
Pond (hole 5) produced considerable hydrogeological
data. These data show that groundwater flow systems
in the dry valleys are similar to those typically found
in and regions.

At Lake Vanda, groundwater was encountered in
several zones below the lake bottom. Samples of water
were obtained from four of these zones, and water
levels were obtained whenever practical. The glacial
sediment below the thin lake sediments (Cartwright
et al., in press, a) is the most permeable zone, and
most of the groundwater is moving in this acquifer.
The hydrogeological observations and the prelimi-
nary data on water chemistry suggest that Lake Vanda
is a recharge point in the local groundwater flow sys-
tem. As the water moves through the sediments below
the lake, salinity increases from 140,000 parts per

million .T1 the lake (Angino and Armitage, 196) to
approximately 250,000 parts per million 8 meters
below the lake bottom (table). Groundwater moves
westward from Lake Vanda basin and discharges into
Don Quixote basin, where the water evaporates., The
quantity of water leaving the Lake Vanda basin
through the groundwater flow system probably is only
a small percentage of water entering the lake. Most
water loss from Lake Vanda is through evaportion
and sublimation.

Don Juan Pond is the discharge area for another
flow system. Drilling ended at a shallow depth there
due to increasing groundwater pressure (Cartright
et al., in press, b). A strong upward pressure gradient
causes water to flow from the groundwater reservoir
into the pond. Water samples collected show that the
water decreases in salinity over the 3.83 meters drilled
(table). Although the origin of the groundwater is
uncertain, the water undoubtedly flows from the west
into the pond.

These data, and the data to be collected durinR the
1974-1975 austral summer, are to be used in a model
study using finite element methods on a high-speed
digital computer. This model, under development for
the Lake Vanda-Don Quixote system, will incorporate
varying levels of water in Lake Vanda, variable lithol-
ogy in the sediments, variations in water density and
viscosity, and water losses due to evaporation and
sublimation.

Wafer samples from Lake Vanda (hole 4) and from Don Juan Pond (hole 5).

Temperature	 Conductivity

	

when	 at
	sampled	*	 20°C.

	

(°C.)	pH	(micro-mohs)

Lake Vanda

	

4.4	6.3	169,500

	

8.0	6.3	224,000

	

12.2	6.3	238,000

	

17.0	6.6	236,000

	

13.2	6.4	92,000

Don Juan Pond

	

—7.0	5.3	312,000

0	4.7	348,000

	

6.0	3.7	408,000

Remarks

Sample muddy, effervesced
strongly when treated
with HCl.

Glacial gravel zone.

Part of the water may COme
from the underlying
granite.

pH was unstable, varying
between 3.5 and 7.0;
reading given is initial
value.

Same as sample 1, hole 5.

*Temperatures are not representative of formation temperature, but reflect time in drill pipe before sampling, temperature
around pipe, and original temperature.
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Preliminary temperature measurements
at DVDP holes 3, 4, 6, and 8

EDWARD F. PRUSS, EDWARD R. DECKER, and
SCOTT B. SMITHSON

Department of Geology
University of Wyoming- -	 Laramie, Wyoming 82071

Our field work during the 1973-1974 austral sum-
mer concentrated on temperature measurements at
Dry Valley Drilling Project (DvDP) holes 2 and 3
(McMurdo Station), at hole 4 (Lake Vanda), at hole
6 (Lake Vida), and at hole 8 (New Harbor). The
field work, conducted by Mr. Pruss and Dr. Decker,
wat done between November 1, 1973, and February 5,
1974, under National Science Foundation grant GV-
3717. What follows is a brief summary of pre-
liIT inary results.

Ji-Iole 2 was logged five times to a depth of 130
meers •during the first 11 days of November 1973.
Hcle 3 was logged 51 times between October 31, 1973'
anl February 6, 1974. Although drilling in hole 3
ended at a depth of 381 meters, our maximum depth
Of enetration ranged from 260 to 270 meters due to
ca ing or ice wedging within or near this interval of
th hole. Temperatures in hole 2 range from about
- 6.1° to about —12.9°C. over the 20- to 30-meter
mt rval of the hole. Temperatures in hole 3 range
from about —16.9°C., at a depth of 10 meters, to
about —7.3 0 C., at 270 meters. Temperature profiles
in both holes are consistent with two distinctly dif-
fe ent thermal gradients at depth: (1) a 30° to 33°C.

per kilometer gradient between 40 and 180 meters;
(2) an average gradient of about 42°C. per kilometer
between 180 and 270 meters. If the average gradient
between 180 and 270 meters is also a measure of the
average gradient in the units below, permafrost
could extend to a depth of about 440 meters beneath
the collar elevation of these holes. If, however, the
average gradient in the units below 270 meters is
similar to that observed between 40 and 180 meters,
then permafrost could extend to a depth approaching
500 meters. Future combined studies of thermal con-
ductivity and heat flow may allow the depth of
permafrost to be predicted to within ±20 meters.

From field and theoretical studies, Jaeger (1961)
strongly suggests that reliable (±5 percent) geo-
thermal gradients can be measured in the central por-
tions of a diamond-cored hole that has been tempo-
rarily or permanently abandoned for periods of 1 to
7 days. Although hole 3 first was logged 12 days after
drilling ended, our measurements in this hole tend to
support Jaeger's conclusions. For example, all of our
temperature-depth profiles at hole 3 exhibit remark-
ably similar geometry with the first (November 1,
1973) and last (February 5, 1974) sets of tempera-
ture measurements yielding least-squares gradients in
the 90- to 260-meter portion of the hole that differ by
less than 3 percent (35 versus 36.3°C. per kilometer).
Similar calculations based on shorter depth ranges
and other measurements at hole 3 over the same
period of time yield least-square gradients that agree
to within 4-8 percent. There also is good agreement
between the average gradients (31.8° and 30.1°C.
per kilometer) in the 40- to 130-meter intervals of
holes 3 and 2, although hole 2 was logged first about
50 days after it was cleaned to a depth of about 135
meters. It should be noted that some rotary drilling
was done above 80 meters in hole 3, and that large
amounts of circulation were lost during drilling. It is
possible, therefore, that the disturbances related to
drilling are not related to heat conduction alone and
that our speculations concerning the equilibrium
thermal gradients may have to be confirmed or
negated by additional temperature measurements dur-
ing the 1974-1975 field season.

Hole 4 was logged once before the stabilizer casing
was removed from the hole. Measured temperatures
at points in the lake (10 to 60 meters) range from
5.1° to 22.1°C.; temperatures in the sediments and
other units below (70 to 85 meters) range from 22.1°
to 24°C. The temperatures recorded within the lake
agree with previously published measurements by Wil-
son and Wellman (1962). Our data are consistent also
with their suggestion that strong convection occurs in
the lake between 17 and 38 meters; in particular,
the recent measurements at 20, 30, and 40 meters
range from 7.8° to 8.1°C. and determine a nearly
isothermal profile. Additional evidence for convection

MY–August 1974	 133


