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As part of a study of geomorphic processes in the ice-free
areas of Victoria Land, solution etch pits occurring on dolerite
cobbles are being investigated in the Allan Hills and dry valleys.
The ultimate objective is to model the formation mechanisms of
these pits and use the calculated rates of development to deter-
mine the exposure ages of various ice-free surfaces in Victoria
Land. This article presents some preliminary results. Samples
were collected during the 1984-1985 field season and were
analyzed using a variety of techniques.

The pits are gravity normal, exhibit abundant evidence of
aqueous dissolution and alteration of primary minerals, and
range in size from less than a millimeter to several centimeters.

The etch pits are essentially closed aqueous systems, and the
chemistry of the aqueous phase and weathering products
should indicate whether or not water/rock interactions in the
Antarctic are in equalibrium or partial equilibrium.

Etch pits have a smooth, yellowish capillary coating deposi-
ted to varying degrees around the upper boundaries of the pits
and along areas connecting pits to one another. Immediately
underlying the pit is a thin zone, less than a millimeter, of
weathered dolerite, consisting of highly altered primary grains
with abundant hematite and amorphus products. X-ray diffrac-
tion gives only two extremely weak reflections at 3.34 Ang-
stroms (quartz) and 3.53 Angstroms (possibly vermiculite or
mixed-layer clays). JR spectroscopy identified quartz but is in-
conclusive for the phyllosilicate.

Whenever liquid water in within a pit, capillary action along
the rough pit-interior surface drives water up to the lower
boundary of the coating. This capillary action remains until
evaporation of water in the pit is complete. Microscopic exam-
ination of these yellow coatings indicates that they are areas of
deposition of material from solution.

The general composition of the coating is given in table 1. The
lack of sodium and low calcium, magnesium, and iron contents
in a material derived from such a basic rock as the dolerite is
remarkable. X-ray diffraction patterns of the coating are weak
and indicate poor crystallinity, but enough lines are present to
suggest illite and quartz as the major components. Infrared
spectroscopy gives positive identification of nonmixed layer
illite (90-100 percent illite) and quartz.

Under scanning electron microscope examination, the illite-
bearing coating consists of layers of microcrystalline material
with an average crystallinity of less than 100 Angstroms.
However, the coating has an extremely constant chemistry and
mineralogy throughout the capillary area. Table 2 gives four
compositions in a profile through the coating. Note the constant
aluminum/(potassium + magnesium) throughout the coating.
This constant composition is surprising in a poorly crystalline
material, formed by repeated evaporation of aqueous solutions
under antarctic conditions, indicating that the illite and quartz
(in the constant ratio of 2.2:1) are a result of partial or total

Al2O3	 18.5
Si02	63.1
K2O	 3.
Na20	 nda
MgO	 0.6
CaO	 0.5
FeO	 1.5
Ti02	0.8
SO3	1.7
H20	 9.3

Total	 99.5%

a "rid" denotes "below detection limits."

Note: This gives an illite formula of: K° 4Mg° 1 Al 2 1 Si33010(OH) 2 . The coat-
ing is an homogeneous mixture of 65 percent illite and 30 percent quartz
and amorphous silica, with several percent hematite and sulfate salts
unevenly dispersed within it.

equilibrium (Helgeson, Murphy, and Aagaard 1984) within the
etch pits during and after evaporation of the pit-filling water
under relatively nonvarying ambient conditions. Variations oc-
curring in calcium, sulfate, iron, and titanium, which are pres-
ent as trace phases of oxides and salts, suggest that these are not
part of the same partial equilibrium reactions as the silicate
phases.

Table 2. Specific chemistries of illite-bearing coatings

Oxide	 (%)	(%)	(%)	(%)

Al203	19.9	18.2	18.4	20.3
Si02	63.8	63.7	65.6	62.2
K30	 3.6	3.2	3.3	3.5
Na20	 nd	nda	nda	nda
MgO	 0.6	0.7	0.7	0.8
CaO	 0.4	0.6	0.5	0.1
FeO	 1.3	1.1	1.7	0.8
Ti02	0.2	0.7	0.2	<0.1
S03	0.4	1.9	0.3	1.4
H 206	(9.3)	(9.3)	(9.3)	(9.3)

Totals	99.5%	994%	98.9%	98.4%

Al/(K+Mg)'	4.7	4.7	4.6	4.7
Al/Sic	0.31	029	0.28	0.33

a "nd' denotes "below detection limits."
b Water analyses were performed on bulk sample giving an average water

content for the coating as a whole. Spacial variation in water content are
likely to be the greatest source of error and totals discrepencies in the
above analyses.

Aluminum (potassium + magnesium) and aluminum/silicon for an ide-
al" illite (Helgeson et al. 1969) are 4.2 and 0.56, respectively. All the
aluminum, magnesium, and potassium reside in the poorly crystalline
lute, whereas some of the silicon is in poorly crystalline quartz and
amorphous silica.
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Kaolinite, montmorillonite and mixed-layer clays, iron oxy-
hydroxides, bauxite minerals, and various silica minerals com-
prise the usual insoluble phases that form during weathering of
silicate material. Vermiculite forms as an intermediate product
from a variety of silicates, but nonmixed layer illite has not been
observed to form as a surface-weathering product directly from
solution, only as an intermediate product derived from initial
muscovite. The activities of potassium ion and silica are almost
never high enough in weathering environments to form dis-
crete illite, and the stability of montmorillonite/mixed-layer
clays is favored by the presence of exchangeable cations (so-
dium, calcium, and magnesium) and tetrahedral aluminum-
silicon polymerized chains remaining from feldspar break-
down. Therefore, conditions within the pit solutions during
evaporation must be fundamentally different from the more
temperate weathering environment, not only with respect to
temperature, but also solution chemistry.

The thinness of the material underlying the pits indicates that
pit growth is keeping pace with infiltration and alteration. This,
together with the indication of partial-equilibrium, allows a
preliminary estimate for the formation rate. Mass transfer of
material during hydrolysis of plagioclase can be roughly esti-
mated based on work by Helgeson, Carrels, and Mackenzie
(1969). To a first approximation, hydrolysis of plagioclase in the
underlying material results in the destruction of 0.3 gram of
plagioclase and precipitation of 0.002 gram of illite for every
1,000 grams of water. A 5-cubic-centimeter pit represents the
removal of approximately 10 grams of plagioclase. If the average

water flux experienced during growth of the pit is the present-
day average of about I gram per year, then at least 30,000 years
are required to form the pit.

Refinement of this first approximation requires recalculation
of the rates from Helgeson, Brown, and Leeper (1969) for the
dolerite under antarctic conditions, and direct measurements of
the water flux at these surfaces as well as the solution chemis-
tries of the water. It is expected that such refinement will length-
en the time required to form a 5-cubic-centimeter pit to more
than 100,000 years.

This work was supported by National Science Foundation
grant DPP 82-06391.
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Two-pyroxene granulites are very abundant as inclusions in
the Cenozoic volcanic rocks of the McMurdo Sound region. In
addition to plagioclase, these granulites contain orthopyrox-
ene, clinopyroxene, and either olivine, spinel, or garnet.
Hornblende, quartz, ilmenite, apatite, biotite, sanidine, or
scapolite are present in some of these inclusions, and in some
cases one of the two pyroxenes is absent. Garnet is rare and is
found only as corroded cores surrounded by fine- grained sym-
plectites of olivine, plagioclase, spinel, and orthopyroxene.
However, pseudomorphs of garnet, consisting of the above
symplectites, are more common. Locally, spinel shows evi-
dence of having reacted with pyroxenes to form symplectites of
olivine and plagioclase. Not uncommonly the mafics occur in

lenses or clusters. The red-brown to orange-red hornblende is
typically concentrated near the edges of these clusters but may
occur throughout as well. Several of the minerals in the two-
pyroxene granulites have a regionally restricted distribution.
Garnet and fine-grained garnet pseudomorphs occur only in
inclusions of two-pyroxene granulites which have been erupted
through the Transantarctic Mountains, whereas primary
olivine in inclusions of two-pyroxene granulites is restricted to
volcanics erupted in the Ross Embayment. Primary spinel is
largely absent from two-pyroxene granulites of the Ross Em-
bayment; however, spinel is abundant in inclusions from Black
Island in the Ross Embayment. The presence of nonprimary
spinel or olivine in coronas, symplectites, or intergranular glass
is not regionally restricted. Hornblende occurs in inclusions
from both the Ross Embayment and Transantarctic Mountains,
but is much more common in inclusions from the former.
Quartz occurs in a few Ross Embayment inclusions but is much
more common in Transantarctic Mountain inclusions.

Based on the experimental studies of a two-pyroxene-gran -
ulite inclusion from Australia by Irving (1974) and the miner-
alogy of the compositionally similar inclusions from Antarctica,
it is possible to define broadly the pressure-temperature condi-
tions under which the inclusions equilibrated. The presence of
garnet or spinel and the absence of coexisting primary olivine
and plagioclase in inclusions from the Transantarctic Moun-
tains indicate that these inclusions originated between 5 and 14
kilobars pressure (17-45 kilometers depth). If one assumes that
the volcanics were able to sample all sections of the crust (and
this appears to be a reasonable assumption based on the wide
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