
suggesting that terrestrial ages of more than 500,000 years
are fairly common. Unfortunately, in any single object a
low value of "'Al also can result simply from the object
receiving a relatively short exposure to cosmic rays. Statis-
tically that phenomenon is rather rare, but it cannot be
ruled out for individual cases. To distinguish between these
two effects, a measurement must be made on at least one
other isotope having a different half-life. The two best can-
didates are chlorine-36 (T1 12 = 300,000 years) and man-
ganese-53 (T 1 /2 = 3,700,000 years). Chlorine-36 ( 36C1) can
be measured very sensitively by the newly developed
method of accelerator spectrometry and manganese-53
("Mn) is detectable by radio-chemical neutron activation
analysis. Cl and "Mn analyses carried out by the La Jolla
group (Nishiizumi et al. 1980) have confirmed long terres-
trial ages for ALHA77007* and ALHA77272 (600,000 to 700,000

* Meteorites are identified by official numbers assigned by the
Antarctic Meteorite Working Group.

years) as well as ALHA77278 (400,000 years). At least one
other case of low 26Al, ALHA76008, clearly is due to short
exposure in space, however; thus, caution must be used in
computing terrestrial ages from 'Al data alone.

By the end of 1980 we expect to have data on 150 to 200
selected samples. With that large a data base we should
have a fairly clear picture of the terrestrial age distribution
of antarctic meteorites.
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Magnesium carbonate and
magnesium sulfate deposits on

antarctic meteorites
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More than 300 meteorite specimens were collected at the
Allan Hills (approximately 76°S 159°E) during the 1977-78
field season. Seven of them have white evaporite deposits
on their surfaces or in cracks. X-ray diffraction patterns and
scanning electron microscope (sEM) energy dispersive anal-
yses show that the white deposits consist chiefly of hy-
drated magnesium carbonates and magnesium sulfates (see
table). The deposits are not restricted to any one variety of
meteorite: They occur on 7 different classes of stony mete-
orite (5 ordinary chondrites, chemical groups H3, H4, H5,

L3, and L6; 1 carbonaceous chondrite; 0; and 1 achondrite,
a ureilite). None of these specimens is of the carbonaceous
class (Cl) that normally contains traces of carbonates or
sulfates.

Only two of the specimens show any substantial degree
of iron-oxide staining, a universal indicator of the degree of
terrestrial weathering in meteorites. Magnesium salts are
rarely observed on meteorites. Of the many specimens col-
lected by Japanese field parties near the Yamato Mountains
(approximately 71 OS 35°E) before 1975, only one was par-
tially covered with a carbonate, nesquehonite (Yabuki,
Okada, and Shima 1976). The distribution of evaporites on
the samples collected during 1977-78 varies from specimen
to specimen. Small, isolated mounds of white material are
arranged in a band, which may once have marked the snow
or water line, around the ureilite (AuiA77257). On sample
ALI-1A77003 the salts are confined mainly to a large crack
beneath the fusion crust. The carbonaceous chondrite
(ALHA77307) has surface deposits of epsomite concentrated
in and near polygonal cracks in the crust (see figure).

The sources of the elements and processes leading to
formation of the evaporites are problematical. Some of the

Evaporite deposit, on antarctic stony meteorites

WeatheringClass

	

	 Evaporite
type

Achondrite, Ureilite	 A	 Hydromagnesite
Chondrite, C3	 A	 Epsomite
Chondrite, H3	 A	 Leonhardite
Chondrite, H5	 A	 Amorphous
Chondrite, L6
	

A/B	 Nesquehonite
Chondrite, H4	 B	 Gypsum; Nesquehonite
Chondrite, L3	 C	 Not determined

Meteorite

ALHA77257
ALHA77307
ALHA77003
ALHA77294
ALHA77231
ALHA77262
ALHA7714O

Mg4(OH)2(CO3)3. 3H20
MgSO4 . 71-120
MgSO4 . 41-120
Mg-carbonate
MgCO3 . 3H20
CaSO4 . 21-120

• Weathering type is based on degree of iron-oxide staining: A, essentially unweathered; B, intermediate; C, severely weathered.
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Epsomite deposits distributed along polygonal cracks in the
fusion crust of carbonaceous chondrite (C3) ALHA77307.
(NASA photograph S-78-37236)

white deposits formed while the meteorites lay on the ice-
cap; the salts are clearly visible in photographs taken in the
field. Others are not apparent in in situ photographs and so
must have formed after the specimens were collected. Once
or twice white filaments have been observed "growing" on
meteorites as they thawed in the curatorial laboratory at
Johnson Space Center in Houston. In all cases, meltwaters
derived from antarctic snow and ice (small quantities of
which are often enclosed with meteorites in the teflon col-
lecting bags) must wet the stones and percolate through
cracks. Do these waters leach magnesium, sulfur, or carbon
from the meteorites? Or do they carry some or all of these
elements in solution? The most common minerals in stony
meteorites are magnesium-rich silicates, olivines, and py-
roxenes. These silicates generally resist alteration until the
oxidation of iron is well advanced; then they form hydrated
magnesium silicates and oxides, neither of which have
been identified in the specimens examined in this study.
Troilite (FeS) is the main sulfur-bearing mineral in mete-

ontes, but, unlike terrestrial pyrite (FeS 2), troilite is ex-
tremely resistant to weathering. Two of the specimens
contain carbon; one of them (ALHA77257) is encrusted with
a carbonate, the other (ALHA77307) with a sulfate. It seems
probable that the carbonate radical (CO 3) in the salts de-
rives not from the meteorites but from CO2 in the antarctic
atmosphere. The sulfate radical (SO4) occurs in antarctic
aerosols and may be precipitated on the snow and ice.
There is, however, no likely airborne source of magnesium,
so possibly both the magnesium and the sulfur come from
the meteorites. Whether their components are meteoritic or
terrestrial, a question remains: Why do so few of the speci-
mens have the encrustations?

Some terrestrial cobbles and ventifacts in the Allan Hills
region have light-colored encrustations, chiefly on their
undersides where they rest against soils. There are signifi-
cant differences between the evaporites on the meteorites
and the deposits on the terrestrial samples that have been
studied in this laboratory. The encrustations on the terres-
trial rocks consist almost entirely of gypsum, with traces of
calcite and illitic clay. No magnesium carbonates or sulfates
have been identified to date; nor have any chlorides or
nitrates been identified such as those described in antarctic
soils by Claridge and Campbell (1977).

In an effort to deduce the probable sources of the evapo-
rites, arrangements have been made for measurements
of carbon, oxygen, and sulfur isotopes in the meteorite
encrustations.

The meteorites were collected by a field party led by W.
A. Cassidy, University of Pittsburgh, under National Sci-
ence Foundation grant DPP 76-23046. I wish to thank Karen
Motylewski for making SEM photographs and energy dis-
persive analyses of the evaporites.
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