Geology of DVDP holes 6, 7, 8, and 9
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I relieved Dr. S. B. Treves as Dry Valley Drilling
Project (DVDP) project scientist on December 8, 1973.
Early season scientific objectives had been completed
and field operations were less than one week behind
initial schedule. Drilling at the Lake Bonney site had
been postponed until the 1974-1975 season. Thus
modified, field operations for the rest of the season
accomplished most objectives. The field crew, supervised by Mr. Leon Oliver, drilled at Lake Vida (hole
6), at Lake Fryxell (hole 7), and at New Harbor
(holes 8 and 9). What follows is a summary of preliminary findings from these holes.
Lake Vida. This site in Victoria Valley was cored
to investigate the permafrost layers in excess of 300
meters in thickness. Continuous coring with excellent
recovery at hole 6 began on December 10 and ended
on December 20 after completing scientific objectives.
A fully cased and diesel fuel filled hole to 305.8 meters
is being monitored for heat flow by Dr. E. R. Decker,
University of Wyoming. This hole may remain open
for access of geophysical equipment for many years.
Continuous diamond drill coring with 98.9 percent
recovery (diesel fuel was the circulating medium), at
the west end of hole 6, recovered three lithologic sequences. Dr. Hajime Kurasawa, Japan Geological
Survey, and Dr. Yoshio Yoshida, Hiroshima University, prepared the preliminary geologic log. The 10.5
meters of permafrost sands and gravels near the surface represent deposits derived from glacial action and
reworking. The individual units within this interval
may represent two of the oldest of four glacial advances in this valley. Biotite granite gneiss in the basement is correlated with the Olympus granite gneiss
and exists to 155.96 meters. Above a fault at 88 meters,
this gneiss is massive; below 88 meters the gneiss is
cut by meter-thick tongues of massive biotite granite,
passing into massive granite at 155.96 meters. The
massive granite is correlated with the Vida granite.
Ice occurs in fractures within all units in the core.
Temperature measurements were made to the bottom
of hole 6.
Lake Fryxell. Coring in the permafrost glacial
sands and gravels at hole 7 in Taylor Valley ended
before reaching site objectives. Continuous coring began on December 26 and ended on December 30.
Caving and downhole drilling complications caused
by the calcium chloride and water circulating medium
forced abandonment of the hole at 11.12 meters after
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recovering only 2.9 meters of permafrost gravel identified by Mr. Henry Harris, University of Illinois.
New Harbor. Continuous coring at hole 8, at the
mouth of Taylor Valley, began on January 7, f974,
and temporarily ended on January 23, 1974,
at 157.5 meters. Initial use of calcium chloride drilling
fluid to 36.3 meters resulted in poor core recovery.
Diesel fuel was used to drill to 157.5 meters, and to
redrill on an angle the first 38.7 meters (hole 9),
resulting in nearly complete core recovery. Drilling
ended with NQ rod (63.5 millimeter core diameter),
and rod was left as casing and was filled with diesel
fuel. High torque and circulation problems caused
stoppage of the NQ rods. The hole may be reentered
with BQ rod (47.5-millimeter core diameter) and
deepened to meet scientific objectives; this operation
tentatively is set to take place in September. Mr.
Michael Chapman-Smith, Antarctic Division, N.Z.
Department of Scientific and Industrial Research, 'and
Mr. Paul Luckman, Victoria University, Wellingon,
New Zealand, report that hole 8 intersected interbedded sand and gravels with some mud down to 66
meters, and then till with interbedded sands to 147
meters. Hole 8 bottomed in interbedded sand and
gravels. Marine pecten shells (Adamussium colbecki)
were identified at 20 meters in depth; at greater
depths foraminifera were found. The hole 8 core
particularly is valuable; it makes possible the correlation of a terrestrial glacial record with the marine
record. The entire section is permafrost.
All DVDP core, both from the 1972-1973 and the
1973-1974 seasons, has been returned to the United
States for distribution. Core from Ross Island (holes
1 to 3) and crystalline basement from hole 6 (Lake
Vida) was shipped frozen to Northern Illinois University. All core from hole 4 (Lake Vanda), from hole
5 (Don Juan Pond), from holes 8 and 9 (New Harbor), and sediments from Lake Vida have been
shipped frozen to Florida State University.

Japanese activities in DVDP, 1973-1974
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Eight Japanese, including two laboratory technicians, participated in 1973-1974 field activities of the
Dry Valley Drilling Project (DVDP) from mid-October
1973 to mid-February 1974. Japanese researchers were
present at each of the season's dry valley drill sites:
hole 4 (Lake Vanda), hole 5 (Don Juan Pond), hole 6
(Lake Vida), and hole 7 (Lake Fryxell), and hole 8
(New Harbor).
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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 composition. Thin sections and the working up of geological descriptions of the drill core and other related
samples were done at McMurdo's Thiel Earth Sciences 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 (Japan, New Zealand and the United States) DVDP.
The following is a brief summary of our work.
Mi?leralogical studies. Secondary minerals and evaporites 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, thenardite, calcite, halite, sodium niter, and diopside were
found in varying concentrations and forms. Laumontite, calcite, chlorite, prehnite, and magnetite also
were found in the dolerite veins on the eastern side
of Dais, suggesting a low grade hydrothermal metamorphism 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 example, 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 M l + 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, respectively, 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
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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 seawater.
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 measurements 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 seawater 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. Furthermore, this seems to correspond with a gradual decrease with depth in the concentration of gypsum in
the sediment, determined in our mineralogical studies.
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Hydrogeological investigations in the dry valleys
began in the 1973-1974 austral summer as part of the
Dry Valley Drilling Project (DVDP). Dr. Cartwright
131

