
each site. The return of these materials, along with rock cores
drilled from outcrops and boulders, and their laboratory analy-
sis, constitute the principal activity of this project. Exposures
will range from 1 year to as much as 40 years.

These values are consistent with similar observations in Ice-
land in an area of high sand flux. There, abrasion results have
been successfully used to examine age relationships between
deposits of catastrophic floods (Malin and Eppler 1981-a, 1981-
b). As the results for the test sites in the ice-free valleys become
available, it should be possible to assess their usefulness in
dating glacial deposits.

M.C. Malin and D.B. Eppler conducted the field portion of
this study from 19 November 1983 to 24 January 1984, retrieving
materials deployed in 1982-1983 by M.C. Malin and S.
Williams. D. Michna ably performed the many sand and sample
measurements. We are especially indebted to the helicopter
pilots and crews of VXE-6, who provided considerable assis-

tance in site selection and experiment deployment. This re-
search is supported by National Science Foundation grant DPP
82-06391.
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localities in the two study areas. Rock samples were first exam-
ined megascopically. Representative samples were then se-
lected and studied in thin-section by optical petrography and
cathodoluminescence.

Within the study areas the metasediments are composed of:
• Amphibolites—biotite-plagioclase-hornblende and biotite-

diopside-plagiociase-hornblende;
• Gneiss—biotite-quartz-microcline-plagioclase and biotite-di-

opside-hornblende-plagioclase;
• Schist—quartz-plagioclase-biotite;
• Granofels—quartz-microcline-plagioclase and diopside-

quartz-microcline-plagioclase;
• Diopside granofeis with layers of

• Diopside-scapolite-plagioclase granofels, and
• Schist—plagioclase-diopside-biotite or corundum-micro-

cline-piagioclase-biotite;

Metasedimentary rocks were sampled at several locations in
Taylor Valley during the 1980-1981 and 1981-1982 field seasons
as part of a study of orbicular rocks. Studies by Dahl and Palmer
(1981, 1982, and 1983) indicate a genetic relationship between
metasediments and orbicules. The purposes of this investiga-
tion are to describe the mineralogy of the metasediments and to
estimate their temperature of metamorphism. This information
will help put constraints on models of orbicule formation and
will add to the understanding of the basement rocks in the
Taylor Valley area.

Taylor Valley is located in the Transantarctic Mountains ap-
proximately 80 kilometers northwest of McMurdo Station. In
Taylor Valley metasedimentary rocks occur in northwest-strik-
ing belts which are bounded by the Olympus Granite-gneiss
and the Larsen Granodiorite and dip steeply to the east. The
metasedimentary rocks were originally described as part of the
Skelton Group (Haskell et al. 1965) but are now considered to be
part of the Koettlitz Group (Skinner 1982, 1983).

Metasedimentary rocks were studied in two areas: (1) near
the Taylor and Calkin glaciers and (2) approximately 14 kilo-
meters to the east at Nussbaum Riegel. Figure 1 shows sampling

Figure 1. Generalized map of part of Taylor Valley, showing sample
locations of rocks included in this study.
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• Marble—tremolite-forsterite-phiogopite, tremolite-phiogo-
pite, phlogopite-forsterite-dolomite, and marble with local
concentrations of ilmenite, spine!, and phiogopite.
These mineral assemblages indicate upper amphibolite facies

metamorphism. Rocks of pelitic composition, which typically
contain more diagnostic assemblages, were not found in the
study area.

Mineral equilibria indicate that the presence of forsterite and
the absence of coexisting tremolite and dolomite can be used to
infer the occurrence of the following reaction:

	

dolomite + 11 tremolite	8 forsterite + 13 calcite
+ 9 carbon dioxide + water.

This reaction, experimentally calibrated by Metz (1976), is
shown in figure 2 as a series of lines at different mole fractions of
carbon dioxide.

Mineralogic evidence indicates that metamorphic conditions
proceeded to the high-temperature side of this reaction, with
tremolite and dolomite being consumed until one or both of
these reactants were depleted. Thus, the reaction suggests min-
imum peak metamorphic temperatures ranging from 575° ± 25°
C (at 2 kilobars of pressure) to 645° ± 25° C (at 4 kilobars of
pressure).
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Figure 2. Pressure/temperature diagram showing peak pressure/
temperature conditions (stippled area) attained during regional met-
amorphism in Taylor Valley. Superimposed univariant reaction
boundaries are experimental calibrations (Metz 1976) of the reac-
tion: tremolite + dolomite forsterite + calcite at differing mole
fractions of carbon dioxide (Xco). ("Kb" denotes kilobar, "°C" de-
notes degrees Celsius.)

The mineral assemblages found in the study areas do not
yield information about metamorphic pressure conditions. A
regional study by Lopatin (1972) suggests that metamorphic
pressures in the general area were on the order of 3-4 kilobars.
Lopatin places a lower limit on the metamorphic temperature
for the general area in the range of 630° C (at 2 kilobars of
pressure) to 690° C (at 4 kilobars of pressure) which is consistent
with the information from mineral equilibria.

The only geothermometric mineral-pairs available in the met-
asediments are calcite-dolomite and plagioclase-feldspar. Both
pairs recrystallize relatively easily and often record retrograde
temperatures. Compositions of coexisting plagioclase and mi-
crocline were determined by electron microprobe. Plagioclase
zoning, where evident, was found to be normal. Feldspar cores
were assumed to have equilibrated together and were analyzed.
These data were applied to the two feldspar geothermometer
formulated by Haselton et al. (1983). Resulting metamorphic
temperature estimates range from approximately 400° C to 700°
C. The lower estimates probably reflect temperatures of retro-
grade re-equilibration of the feldspars during cooling. The best
estimates of minimum peak temperature, plotted in figure 2,
range from 650° ± 50° C assuming 2-kilobar pressure, to 690° ±
50° C assuming 4-kilobar pressure. These results are in agree-
ment with the earlier estimates.

Field work was conducted during the period 1-19 January
1981, with the assistance of Donald Palmer and Gary Rogers
(Kent State University), JoAnne Danielson (University of Mas-
sachusetts), and Vladimir Samsonov (Research Institute of
Arctic Geology, Leningrad). We thank Rodney Feldmann and
Glenn Frank (Kent State University) for their field assistance
during the period 26 December 1981 to 15 January 1982. We also
thank VXE-6 helicopter crews for providing logistic support.

This research was supported by National Science Foundation
grant DPP 80-01743.
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Dry valley real-time telemetry
seismological project
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During the 1983-1984 austral summer, a seismic noise survey
was conducted in upper Wright Valley to determine the suit-

ability of the area for the installation of a modern seismological
station. Levels of the short-period seismic background were
measured with portable seismometers and recorded digitally
on portable battery-powered digital recorders. The data were
processed in the field using a small computer system to obtain
on-site estimates of the background noise levels. Further pro-
cessing of the data in the laboratory has established that the
short-period background noise levels are comparable to known
quiet sites in other parts of the world. Therefore, upper Wright
Valley should be an ideal location for obtaining high quality
seismic data in the future.

Logistic support provided through National Science Founda-
tion grant DPP 83-12710.
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geologic case hardening
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nor as they evolve during weathering we developed a method
to measure the hardness of the rock by determining its abrasion
resistance. The instrument is called an abrasion resistance hard-
ness tester (ARHT); a complete description will be given in a
forthcoming paper. Essentially, ARHT abrades the material by
means of a diamond coring bit turning slowly using a constant-
torque motor, under constant normal force (figure 2). The time
(t) required to abrade to a fixed depth, is measured and is
related to the abrasion hardness (H a) of the material by means of
this definition.

This 1983-1985 research project concerns the investigation of
the chemical and physical properties of geologic case hardening
and cavernous weathering in the antarctic dry valleys. The
1983-1984 activities involved (1) the design, construction, and
field operation of an instrument for measuring the abrasion
hardness of rock material and (2) sample collection and return
for laboratory investigations of the chemical and physical prop-
erties of weathered and unweathered materials.

The field group, consisting of Barclay Kamb (California In-
stitute of Technology), Peter Larson (Washington State Univer-
sity), and me, were in the field from December 6, 1983 to
January 16, 1984. We studied differential weathering in the
Labyrinth, Beacon Valley, Bull Pass, Taylor Valley, and Victoria
Valley.

Weathering varies overtime and from place to place. As a
result, outcrops can become case-hardened (the exterior hard-
ens) or core-softened (the interior softens) causing the common
morphology known as cavernous weathering (figure 1). It is
possible to determine the extent of the differential weathering
by determining the difference between the hardness of the
exterior surface and the hardness of the interior. To compare
these differences in physical properties of the interior and exte-

Ha =	x 10	
C = Ha (exterior)

Ha (interior)

where Ha = abrasion resistance hardness value
C = coefficient of relative hardening
F = drilling force, normal to surface (Newtons)
D = depth of drill penetration (meters)
t = drilling time (seconds)

For most rock materials, the abrasion resistance hardness
value is found to range from approximately 1 to 100. Values of
the coefficient of relative hardening greater than 1 indicate case
hardening or core softening.

The table gives some representative values of abrasion hard-
ness and the coefficient of relative hardening for weathered rock
material and, when possible, for unweathered material from the
study areas. For comparison, results from a tonalite in Baja,
California are included as well.

The data from the table demonstrate the differences between
case hardening and core softening in terms of absolute hard-
ness. For the Catavina tonalite and the Ferrar dolerite, even
though the hardness of the exterior has remained greater than
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