
Finally, for petrographic studies, thin-section nomen-
clature was done on the number 1 bore hole samples ob-
tained from the first drilling of the Dry Valley Drilling
Project, and identification of the secondary minerals in
the cavities of these samples is in progress.

Field party members were the author (December 23,
1972, to January 23, 1973) and Dr. Yoshio Yoshida,
University of Hiroshima, Mr. Shu Nakaya, University of
Hokkaido, and Mr. Takeo Hashimoto, Japan Analytical
Chemical Research Institute (December 2, 1972, to
February 1, 1973).
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In conjunction with field geophysical studies of vari-
ous sites proposed for the Dry Valley Drilling Project
(McGinnis et al., 1972a), C. W. Keighin and G. L.
Oberts collected water samples from lakes and streams
in the dry valleys, December 10 to 30, 1971. Water was
collected in Nalgene bottles that had been cleaned with
distilled water and rinsed with the water that was col-
lected. One of the two samples from each site was acidi-
fied prior to sealing and shipping to the United States.
The water samples were analyzed under the direction of
N. F. Shimp at the Illinois Geological Survey using
atomic absorption methods, flame emission for Na+
and K+, EDTA titration for Ca+2 and Mg+ 2, and

gravimetric precipitation methods for SO2 , C  , and
HCO. Results are presented in Oberts (1973).

Don Juan Pond, a shallow, saline, closed lake in
Wright Valley, is a unique ecological and geochemical
system and is discussed here. It is a potential drilling site
for the Dry Valley Drilling Project (McGinnis et al.,
1972a). The pond has been studied previously with re-
gard to its physiochemistry (Tetrow et al., 1963; Toni
and Ossaka, 1965; Oberts, 1973), microbiology (Cam-
eron et al., 1972; Morelli et al., 1972), resistivity and
seismicity (McGinnis et al., 1972b) and possible anal-
ogy to Martian soils (Horowitz, 1971; Horowitz et al.,
1972). The pond is essentially a calcium chloride brine
explained as a bittern derived from either trapped ma-
rine water or evaporated fresh stream water.

Thermodynamic calculations based on available pH
and Eh measurements (Cameron et al., 1972; Meyer
et al., 1962) (fig. 1) coupled with the chemical anal-
yses in Oberts (1973) and appropriate thermodynamic
equations relating solubility, activity, and ionic concen-
trations clearly indicate that the water in Don Juan
Pond is 4 orders of magnitude undersaturated with cal-
cite (primarily because of the low pH) and slightly
undersaturated with gypsum.

Because of these relationships of apparent Ca+2
solubility, we plotted the log of calcium concentration in
parts per million against the log of other selected con-
stituents in parts per million (fig. 2). This diagram per-
mits an evaluation of the proposed marine and fresh-
water models. In addition, we plotted the compositions
of mineral phases observed in Wright Valley.

For a mixing model, tielines would connect the two
(or more) end members of the mixing. Water from
Don Juan Pond cannot be explained by mixing fresh,
marine, or any other normal waters. Evaporation to near
dryness must account for the observed chemistry. For
any evaporation mechanism, points representing an evap-
orating body of water move towards the upper right
corner along a 45-degree line. Conversely, dilution with
pure water moves the loci of points downwards towards
the left along a 45-degree line.

Evaporation of seawater to the same calcium concen-
tration as observed in Don Juan Pond leads to excessive
amounts of all elements. This immediately suggests re-
moval of evaporite minerals as a control on the ob-
served water chemistry. In the seawater model, removal
of thenardite or mirabilite to control excess sulfate,
halite to remove excess sodium, and antarcticite to ad-
just excess chlorine leads to negative amounts of calcium
in a theoretical Don Juan Pond.

To a first approximation, chlorine could have entered
Don Juan Pond in stream water now feeding the pond.
This model assumes that calcium has been retained
quantitatively in the water because of calcite and gypsum
solubility. Except for sulfate, which is depleted from
the theoretical Don Juan Pond (280,000 versus 180
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parts per million), most of the elements that we plotted
obey this model. In the case of the stream water model,
only thenardite or mirabilite with minor amounts of
impurities are necessary to balance this mass calculation.

If Wright Valley were filled with seawater at one
time to the top of the lowest topographic divide (Ted-
row et al., 1963), and permitted to evaporate to near
dryness, a blanket of evaporite minerals consisting of
halite and thenardite 2.8 meters thick would be in
Wright Valley; a freshwater model generates a theo-
retical thickness only 1.0 centimeter thick. Because the
soils in Wright Valley are highly alkaline, it is reason-
able to assume that the smaller amount of salt could be
dispersed throughout the 50-meter thickness of unfrozen
ground around Don Juan Pond (McGinnis et al., 1972b).

Considering water chemistry, inferred mineralogy,
and mass balance models for evaporation, we conclude:

(1) The sources of elements in the water in Don
Juan Pond are streams similar in composition to those
presently feeding Don Juan pond.

(2) Evaporation of this water under low pH had the
effect of stabilizing calcium in solution with respect to
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Figure 1. Distribution of Eh-Ph measurements of natural aqueous
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calcite and gypsum. The moderate Eh has the effect of
stabilizing transition metals in solution.

(3) The salts that crystallized from this water con-
stitute a quantitatively minor amount of the valley fill,
but appreciable thicknesses may occur locally, such as
under Don Juan Pond.

(4) Seawater could not have been a significant con-
tributor of elements to the basin forming Don Juan
Pond.

This model indicates that thin beds of sulfate-bearing
salts may occur under Don Juan Pond. However, the
predominant lithology is probably porous sand and silt
with interstitial saline, sulfate-bearing water.

Evaluation of our data, model studies, and relation-
ships of other lake basins in the dry valleys (Vanda,
Vida, Fryxell, and glacial streams) will be presented
in a later publication.
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The bottom of McMurdo Sound (fig. 1), a natural
trap for terrestrial and marine sediments, will be drilled
in one or more locations in 1974-1975 as part of the
Dry Valley Drilling Project. The drill rig, on a plat-
form on sea ice, can core sediment through 300 meters
of water to depths in the order of 1,500 meters below
sea level.

On the basis of seismic refraction profiles and Bouguer
gravity anomalies, Robinson (1963) suggests McMurdo
Sound is underlain by volcanic ash and tufaceous de-
posits, or altered basalt, ranging in thickness from 0.5
kilometer near the southern tip of Hut Point Peninsula to
2.0 kilometers in the vicinity of the proposed borehole
site in McMurdo Sound (fig. 1). The sedimentary layer
has an average p-wave velocity of 3.1 kilometers per
second and is underlain by a high velocity basement hav-
ing a mean velocity of 4.79 kilometers per second. Rob-
inson did not observe a lower velocity sediment above
the 3.1 kilometers per second material, but this could
have been masked because the refraction profiles were
made from floating ice, which has a velocity of about 3.7
kilometers per second.

Surficial sediments collected in four grab samples for
the present study indicate that the bottom in the vicinity
of the proposed drill site consists mainly of very fine-
grained sand. Some clay sized particles were present in
addition to granitic and basaltic pebbles 1 to 2 centi-
meters in diameter.

In preparation for the drilling, a fathometer study of
western McMurdo Sound was made from USCGC North-
wind during the 1972-1973 field season. Three north-
south profiles were made, beginning 8.3 kilometers east
of the northern end of the Strand Moraine on the south
and extending northward to the northwest off Gneiss
Point. A profile, on a one-to-one scale, is shown in fig.
2. A fathorneter chart crossing two submarine valleys is
shown in fig. 3. Although the valleys appear sharp and
V-shaped on the chart, when drawn to scale they appear
broad and well rounded. The valleys are cut 183 to 274
meters (100 to 150 fathoms) below adjacent uplands
and are interpreted here as being glacially scoured, the
southerly one being due to an expanded Ferrar Glacier,
with the more northerly and much deeper and broader
valley being caused by an expanded Taylor Glacier. Low
rises flanking the south sides of both valleys are inter-
preted as being lateral moraines deposited when the sub-
marine valleys were being cut. Both valleys, especially
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