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Dry valley real-time telemetry
seismological project

N. A. ORsINI

U.S. Geological Survey
Albuquerque Seismological Center

Kirtland Air Force Base
Albuquerque, New Mexico 87115

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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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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Figure 1. Photograph of a core-softened erratic of the Vida granite from Taylor Valley exhibiting extensive cavernous weathering. The width of
the frame is 2 meters.

Abrasion resistance hardness tester field results

Abrasion resistance	Coefficient of
Sample and location	hardness value	relative hardening

Catavina tonalite,
Baja, California

Exterior	 1.7 ± 0.6
Interior	 0.7 ± 0.4	 2.3
Fresh tonalite	 41.4 ± 2.5

Ferrar dolerite,
Labyrinth, Antarctica

Exterior	 43.8 ± 8.3
Interior	 11.9 ± 2.1	 3.7
Fresh dolerite	 64.5 ± 9.7

Ferrar dolerite,
Victoria Valley, Antarctica

Exterior	 28.0 ± 2.4
Interior	 7.9 ± 0.5	 3.5
Fresh dolerite	 64.5 ± 9.7

Beacon sandstone,
Farnell Valley, Antarctica

Exterior	 7.3 ± 0.5
Interior	 2.9 ± 0.8	 2.5
Fresh sandstone	 6.0 ± 0.3

Vida granite,
Bull Pass, Antarctica

Exterior	 45.6 ± 3.1
Interior	 23.0 ± 3.5	 2.0

Vida granite,
Taylor Valley, Antarctica

Exterior	 25.3 ± 1.5
Interior	 18.4 ± 1.3	 1.4

Figure 2. (Left) Photograph of the abrasion resistance hardness
tester (ARHT) developed to measure the hardness of brittle materials.
The instrument stands 100 centimeters high and weighs 15
kilograms.
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that of the interior, the absolute hardness of both has decreased
with respect to the initial value, to an extreme degree in the
tonalite and only moderately in the dolerite. This variety of
differential weathering is best described as core softening. Most
of the differential weathering occurring in crystalline rocks is of
this type.

On the other hand, the Beacon sandstone exhibits case hard-
ening in the classical sense, (Conca and Rossman 1982), in
which the crystallization of a secondary cement (silica) at the
surface during weathering has increased the absolute hardness
of the exterior above the initial value, while the interior's hard-
ness has decreased. Most of the case hardening occurring in
clastic rocks, especially sandstone, is of this type.

Although abrasion hardness varies greatly among the dif-
ferent areas, the values of the coefficient of relative hardening

remain fairly low, with the dolerite at the high end and the
granitic rocks at the low end.

The hardness results and detailed chemical study of the re-
turned samples will be used to construct models for the onset
and development of differential and cavernous weathering in
and environments.

This work was supported by National Science Foundation
grant DPP 82-15121.
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Between November 1983 and January 1984 we examined
McMurdo Volcanic Group rocks at Mason Spur and on the
northern slopes of Mount Discovery. The volcanic stratigraphy
was established and samples were collected for geochemical
analysis and potassium-argon (K-Ar) dating.

Mount Discovery (2,681 meters elevation) is a prominent
central volcano situated approximately 70 kilometers southwest
of McMurdo Station. Previous work has been limited to a few
geochemical analyses (Goldich et al. 1975; Kyle 1976; Stuckless
et al. 1981) and a K-Ar age determination of 5.44 ± 0.14 million
years on a sample from near the summit (Armstrong 1978). We
investigated an area on the north-northeast side of the moun-
tain extending from 1,700 meters elevation to the summit. The
summit dome is comprised of phonolite flows, and intercalated
lahars and tuff. This sequence is overlain by a thin welded
pyroclastic flow and loose pumice near the upper limit of out-
crop. Younger parasitic basanite cinder cones have been
erupted at all altitudes, including the highest outcrops near the
summit. Phonolite flows forming the dome are completely bur-
ied by innumerable basanite cinder cones and lava flows below
2,000 meters. However, the abundant presence of phonolite
inclusions in some of these basanite lavas suggests that the
phonolite sequence is more widespread at depth.

Mason Spur is located 25 kilometers southwest of Mount
Discovery. No previous investigations are known from this
area. Mason Spur comprises a 15-kilometer-long, 1,000-meter-
high, south-facing bluff which affords good exposures. A se-
quence of more than three peralkaline trachyte flows are inter-

calated with pyroclastic flows, airfall, and undifferentiated tuffs
and breccias. These deposits dip gently to the north. Intrusions
of peralkaline trachyte similar to the flows form stocks, dykes
and breccia dykes. These have caused widespread hydrother-
mal brecciation, and leaching and propylitic alteration, es-
pecially in the volcanoclastic rocks. Petrologically similar rocks
cropping out in the Lake Morning area, 20 kilometers to the
north, have K-Ar ages of 14.6 to 18.7 million years (Kyle and
Muncy in preparation).

The top of the peralkaline sequence is marked by an irregular
unconformity which extends the whole length of Mason Spur
and has over 600 meters of topographic relief. Weathering of the
underlying rocks, dyke truncation, and the pronounced to-
pography carved into massive lava flows suggests this uncon-
formity represents a significant time span. No evidence was
found to indicate a glacial origin for the unconformity.

The peralkaline rocks at Mason Spur appear to be the ero-
sional remnant of a major subvolcanic intrusive complex. Al-
though no radiometric age determinations have been made, the
field evidence suggests the area is at least Miocene and there-
fore represents one of the oldest known eruptive centers in the
McMurdo Volcanic Group.

Thick phonolite flows, in places intercalated with lahar de-
posits and thin airfall tuff beds, overlie the unconformity on the
older peralkaline rocks. A change to basanitic volcanism is
marked by a lapilli tuff without a significant time break. A
phonolite tuff ring at least 2.5 kilometers in diameter was
erupted shortly after the onset of basanite volcanism. Several
phonolite flows underlie a 1-kilometer-wide exogenuous dome
that marks the center for this uppermost phonolite sequence.

A basanite pillow lava, tuff ring, tuff cone deposit near the
base of the basanite sequence is evidence that water was pres-
ent, at least locally, at the onset of basanitic volcanism. Subse-
quently, subaerial basanite lava flows and cinder cones were
erupted from numerous overlapping centers located along the
present day outcrop, during a period of intermittent glacial
erosion. The most recent activity formed a line of small spatter
cones that are unglaciated and essentially unweathered. They
appear to represent some of the youngest basanite volcanism in
the McMurdo Volcanic Group.

This research was supported by National Science Foundation
grant DPP 82-18493.
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