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ABSTRACT

Marvin, Ursula B., and Glenn J. MacPherson, editors. Field and Laboratory Investigations
of Meteorites from Victoria Land and the Thiel Mountains Region, Antarctica, 1982-1983 and
1983-1984. Smithsonian Contributions to the Earth Sciences, number 28, 146 pages,
frontispiece, 86 figures, 14 tables, 1989.—This monograph describes the meteorite collecting
activities of the United States Antarctic Search for Meteorites (ANSMET) expeditions of the
1982-1983 and 1983-1984 field seasons. Descriptions and classifications are given of most
specimens collected during the 1982-1983 season and some of those collected in the 1983-1984
season. Articles are included reviewing topics such as Antarctic achondrites, carbonaceous
chondrites, meteorite weathering under polar conditions, trace element contents of Antarctic
metcorites in comparison with those found elsewhere, and the meteorite pairing problem. One
chapter describes the crystalline fabric of the ice surrounding a meteorite discovered emerging
at the surface. The Appendix lists all ANSMET specimens classified as of June 1984, in
numerical order for each locality and by meteorite class. The Appendix also includes a tentative
list of paired specimens.
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FRONTISPIECE.—The emerging meteorite, ALH82102. Left: The meteorite sitting in its enclosing ice after the
block had been sawn in half. Right: A thin section of the enclosing ice shown in cross-polarized light. Flatiened,
horizontal ice crystals curve upwards toward the mold of the meteorite at top left of the photo. (Both photographs

are at the same scale.)




Field and Laboratory Investigations
of Meteorites from Victoria Land
and the Thiel Mountains Region, Antarctica,
1982—-1983 and 1983-1984

1. Editors’ Introduction

Ursula B. Marvin and Glenn J. MacPherson

This is the fourth publication in the Smithsonian Con-
tributions to the Earth Sciences series to present the results of
the yearly United States Antarctic Search for Meteorites
(ANSMET) expeditions to Antarctica. This issue describes the
1982-1983 and 1983-1984 ficld seasons in Victoria Land (at
about 76°77’S, 159°E) and in the Thiel Mountains region,
which lies nearer the South Pole at about 85°86'S, 90°W
(Figure 1-1). It includes chapters describing and classifying the
meteorites collected in these two seasons, and giving overviews
of topics such as the range and character of Antarctic
achondrites and carbonaceous chondrites, studies of meteorite
weathering under polar conditions, and discussions of the
difficult problem of pairing—identifying which specimens are
fragments from the same meteorite fall. The first meteorite
caught in the act of emerging at the surface of the ice is
described, as is the crystalline fabric of the ice surrounding it.
Appendix Table A lists all meteorites classified through June
1984 in numerical order for each locality; Appendix Table B
lists specimens in consecutive order by meteorite class; and
Appendix Table C lists those groups of paired specimens that
are generally agreed upon at the present time. Paired groups
should always be regarded as tentative because new analyses
may identify specimens that do not belong to a group or
additional specimens that do.

The numbers and main categories of meteorite specimens
collected in the 1982-1983 and 1983-1984 secasons are listed

Ursula B. Marvin, Smithsonian Astrophysical Observatory, Mail Stop
52, 60 Garden Street, Cambridge, Massachusetts 02138. Glenn J.
MacPherson, Department of Mineral Sciences, National Museum of
Natural History, Smithsonian Institution, Washington, D.C. 20560.

in Table 1-1. Total numbers and aggregate weights of
specimens of each meteorite class are given in Appendix Table
B. The aggregate weights are of interest because of the inherent
intractability of the pairing problem. We are unlikely ever to
obtain secure counts of the number of falls of each meteorite
class represented on the Antarctic stranding surfaces, and so
we cannot compare numbers of Antarctic falls with those in
the rest of the world. We can, however, obtain aggregate
weights and, allowing for the vagaries of discovery, gain a
general idea of how relative proportions of meteorite classes
in the Antarctic collections compare with those found
elsewhere.

The system for naming Antarctic meteorites was changed
in 1982 by the dropping of a letter (A, for example) to designate
the collecting expedition. When the system was originally
adopted, some members of the Nomenclature Committee
looked forward optimistically to a time when two or more
expeditions, from different countries or organizations, might
visit an area such as the Allan Hills during the same season.
They foresaw the need for a letter (A, B, C) to identify each
one. Hence, letters and numbers in a name such as ALHA76001
were chosen to indicate place, expedition, year, and specimen
number: ALH (Allan Hills), A (Expedition A), 76 (1976), 001
(Specimen 1). In practice, however, meteoriticists viewed the
expedition letter as incomprehensible and unnecessary. It has
been dropped for all meteorites collected after the 1981 season;
thus, the first Allan Hills specimen of 1982 was ALH82001.

The ANSMET program is governed by an interagency
agreement between the National Science Foundation, the
Smithsonian Institution, and the National Aeronautics and



TABLE 1-1.—Numbers of classified meteorite specimens collected in the
1982-1983 and 1983-1984 (in parentheses) seasons.

Locality Ordinary Carbonaceous
chondrites  chondrites Achondrites  Irons

Allan Hills 39 (77) 4(3) 2(3)
Elephant Moraine 16 (183) 3) 1(15) 3)
Pecora Escarpment 25 1 3
Thiel Mountains* 14 2
Taylor Glacier 1
Inland Forts 1

*Thiel Mountains includes specimens collected at the Davies and Moulton
Escarpments.

Space Administration. At the request of the scientific
community, procedures (based on those used for lunar samples)
were adopted for collecting specimens by sterile techniques
and keeping them frozen until they are processed in
nitrogen-filled cabinets at the Johnson Space Center at
Houston. Details of the field and laboratory procedures are
outlined in the first publication in this series (Marvin and
Mason, 1980). In order to distribute research samples quickly
and widely, all newly classified specimens are described in the
Antarctic Meteorite Newsletters,; these are mailed, on request,
to investigators throughout the world. Any scientist wishing
to obtain samples may submit a request, describing the
proposed research and the numbers, weights, and types of
samples required, to the Mecteorite Working Group, a
commitiee with a rotating membership responsible for
monitoring the program and allocating samples. Requests for
the Antarctic Meteorite Newsletter or for research materials
should be addressed to the Secretary, Meteorite Working
Group, Lunar and Planetary Institute, 3303 NASA Road 1,
Houston, Texas 77058.

The Antarctic Meteorite Working Group meets twice each
year, usually in April and September. Each issue of the
newsletter publishes dates of meetings and deadlines for
requests. Sample requests are weicome from all qualified
scientists and are considered on the basis of their merit
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regardless of whether a scientist is funded for meteorite
rescarch. The allocation of Antarctic meteorite samples does
not in any way commit a funding agency to support the
proposed research.

For references on Antarctic meteorites, see the earlier
publications in this series (Marvin and Mason, 1980, 1982,
1984) and the computerized lists of publications from the
Antarctic Meteorite Bibliography, which may be obtained on
request from the Lunar and Planetary Institute, 3303 NASA
Road 1, Houston, Texas 77058. The Antarctic Meteorite
Bibliography references articles in Meteoritics, in the annual
proceedings of the Lunar and Planetary Science conferences
at Houston, the symposia on Antarctic Meteorites held by the
National Institute of Polar Research in Tokyo, and numerous
other sources.

Libraries of polished thin sections are maintained in
Washington, D.C., Houston, and Tokyo for the use of visitors
who wish to make microscopic examinations. To obtain
meteorite samples collected by parties sponsored by the
Japanese Antarctic Research Expeditions, or to use the thin
section library in Tokyo, contact Dr. Keizo Yanai, Curator, at
the National Institute of Polar Research, 9-10 Kaga 1-chome,
Itabashi-ku, Tokyo 173, Japan. To use the thin section library
at the Johnson Space Center at Houston, contact the Secretary
of the Meteorite Working Group at the address given above.
To use the thin section library at the National Museum of
Natural History, Smithsonian Institution, Washington, D.C.
20560, contact Roy S. Clarke, Jr., Curator.
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FIGURE 1-1.—Outline map of Antarctica showing sites of meteorite finds. Chance discoveries of four meteorites
were made before deliberate searches began in 1973: Adelie Land, 1912, by Douglas Mawson; Lazarev, 1961,
by a Soviet Union field party; Thiel Mountains, 1962, and Neptune Mountains, 1964, by U.S. field teams. The
first concentration of different types of meteorites was found in 1969 on a blue icefield near the Yamato
Mountains by Japanese scientists, who have since found thousands of specimens in the regions of the Yamato
and Belgica mountains. ANSMET teams, working out of McMurdo Station, have found about 2000 specimens
at the Allan Hills and other sites from Darwin Camp to Elephant Moraine and in the Thiel Mountains region.
Individual meteorites have been found near Purgatory Peak, at Inland Forts in the Wright Dry Valley, and on
the Taylor Glacier. These last two sites lie a short distance south of Purgatory Peak, too close to be distinguished
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2. The 1982—-1983 Antarctic Search for Meteorites
(ANSMET) Field Program

William A. Cassidy

Introduction

During December 1982 and January 1983, the ANSMET
program ficlded three teams. One made reconnaissance
searches in the Thiel Mountains (85°15’S, 91°00"W)-Pecora
Escarpment (85°38'S, 68°42'W) area to locate previously
unknown stranding surfaces (see Chapter 3). The second team
carried out systematic searches and made meteorite recoveries
at known concentration sites such as the Allan Hills (76°43'S,
159°40’E) and Elephant Moraine (76°11°S, 157°10’E). The
third team remeasured and extended a previously set triangula-
tion grid at the Allan Hills (see Chapter 4). The bilateral
collecting effort was designed to insure recoveries this season
and in future years. The Allan Hills party collected meteorites,
as had been expected, and the reconnaissance party located new
stranding surfaces, as had been hoped.

The Allan Hills-Elephant Moraine Excursion

Members of this group were Vagn F. Buchwald of the
Instituttet for Metallaere Danmarks Tekniske Hojskole at
Lyngby, Denmark, Tony Meunier of the United States
Geological Survey at Reston, Virginia, Carl Thompson, an
alpinist from Methuen, New Zealand, and the writer. Three of
us sct out by helicopter for the Middle Western Icefield
(76°50°S, 158°26’E) where the lunar meteorite, ALHA81005,
had been found the year before. Because of a lack of surface
landmarks, however, we were unable to identify that icefield
with certainty and landed, instead, at the Allan Hills Far
Western Icefield (76°54’S, 157°01’E). This site is beyond the
permitted limit for helicopter flights, but, at the time, we were
unsure of our location. When we landed, the helicopter
crewman hopped out and picked up a small meteorite, thereby
establishing it as a site where meteorites could be found. (We
believe he actually first saw the meteorite from the air and
directed the pilot down to a landing alongside the specimen.)
We had about half of our camp supplies with us and would

William A. Cassidy, Department of Geology and Planetary Science,
University of Pittsburgh, Pittsburgh, Pennsylvania 15260.

have been able to stay, but we could not establish radio
communications with McMurdo Station, and so we had to
return, leaving our equipment and supplies at the site. Two
days later we had another opportunity, and this time we
succeeded in making radio contact with McMurdo and were
allowed to stay.

Vagn Buchwald remained in McMurdo temporarily and
traveled as a passenger on a helicopter run to the head of the
Taylor Glacier. Walking around the landing site, he was both
startled and highly pleased to pick up a meteorite he found
lying on the glacier ice. Thus, the ficld season for this group
began with two accidental discoveries. Meanwhile, at the Far
Western Icefield we were finding that our accidental discovery
there had placed us on a very large area of exposed ice with
many meteorite specimens scattered on its surface.

The Far Western Icefield is a large, roughly W-shaped patch
of ice about 75 km west of Allan Hills (Figure 2-1). Satellite
photos show no areas of exposed ice farther west than this
one. This site has a significant advantage in common with the
Near and Middle Western Icefields, in that there is no source
of terrestrial rocks upstream of it. Therefore, any rock found
on its surface must be a meteorite. It appears to lie generally
upstream of the Allan Hills Main Icefield. If so, any meteorites
falling onto this surface, or being exposed here by ice ablation,
should be transported to the Main Icefield over a period of
time that would be measured by the horizontal flow rate of the
ice. One would expect specimens recovered here to have
younger terrestrial ages than those located closer to the Allan
Hills barrier; one would expect also a more sparse distribution
of specimens this far from the Allan Hills (cf. Whillans and
Cassidy, 1983).

In the several weeks available we could not cover the entire
surface of this large patch of bare ice, so we concentrated on
its southeastern end and the central exposure near our campsite.
We recovered 45 specimens in all, establishing the Far Western
Icefield as a productive meteorite stranding surface. Among
the specimens recovered was a walnut-sized meteorite “caught
in the act” of weathering out of the underlying ice: a minor
part of the meteorite was already exposed, but most of it was
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FIGURE 2-1.—Landsat photomap showing our field traverses, all meteorite stranding surfaces mentioned in this
article, and the locations of six reference points determined by satellite Doppler positioning. (Illustration taken
from 1972 NASA ERTS image E-1128-28293-7, near infra-red band.)

embedded in the ice. The significance of this occurrence and
our treatment of the sample are described by Gow and Cassidy
(Chapter 10).

The Far Western Icefield is so far from the Transantarctic
Mountains that the only visible peak is Mt. Brooke in the
Convoy Range, and this can be seen only from certain vantage
points. Mapping of ice exposures and meteorite specimens is
a problem here because reference points cannot be established
by triangulation, and fixed points cannot be established because
the ice is moving. Fortunately we had arranged the loan of two
Magnavox model MX1502 geoceivers from the U.S. Bureau
of Land Management; one was with the Thiel Mountains party
and we had the other. With these instruments we were able 1o
locate five points to use as references for mapping our

meteorite finds. All of the five will be valuable as reference
points for future finds, and three of them are precise enough
to be useful in measuring ice flow vectors in this part of the
East Antarctic Ice Sheet (see Table 2-1).

After using all the time we originally planned to devote to
systematic searching on the Middle Western Icefield, we
traversed eastward to John Annexstad’s camp at the Main
Icefield. Carl Thompson’s snowmobile was running on only
one cylinder at that time, so Tony Meunier and I each had to
draw three loaded Nansen sledges behind our snowmobiles.
We noticed very little difference between pulling two and
pulling three sledges, and it is now a routine procedure to draw
three sledges behind one snowmobile whenever that arrange-
ment seems most convenient.



NUMBER 28

TABLE 2-1.—Best determinations of six geoceiver stations used in mapping meteorite finds. Locations and
elevations of six stations were determined using satellite Doppler positioning procedures. Raw data determined
in the field were refined later, using standardized computer programs for this purpose to arrive at the
post-processed data given here. Stations 0100-0104 are located at the Far Western Allan Hills Icefield, and
Station 0105 was located at our campsite at Elephant Moraine (Figure 2-1).

Station Number Latitude S Longitude E Elevation (m) Estimated error (in m)
0100 76°54°09.520" 157°01726.511” 2117.54 1.5

0101 76°57°46.861" 156°54’40.164” 2145.01 2

0102 76°59'27.417" 156°53'46.806” 2190.95 2

0103* 77°02°50.954”" 157°11°00.270” 2163.50 5-10
0104* 77°02°24.614" 157°15"33.896” 2142.87 5-10
0105+ 76°17'34.910” 157°20°04.944” 2022.33 10

*Reference oscillator frequency offset was abnormally high but stable; data are good but a larger error is

assigned.

FBroadcast solution (e.g., field data) not post-processed. Latitude and Longitude are referenced to the Naval
Weapons Laboratory 10D system (Jenkins and Leroy, 1979).

Carl had a replacement machine waiting for him at John’s
camp, and we were joined there by Vagn Buchwald. We left
for Elephant Moraine two days later, as a party of four. The
traverse t0 a campsite at the far end of Elephant Moraine took
exactly 11 hours, including about an hour of searching for the
feature once we had arrived within a few miles of where we
knew it to be.

During a week at Elephant Moraine, we collected 18
specimens and left the site, confident that more fragments will
be recovered there in the future. High winds had prevented any
but rather random reconnaissance searches, and, in areas where
random searches give good recovery rates, systematic search-
ing has always yielded many more specimens. During our one
day of relatively good weather at Elephant Moraine we
accomplished a round trip of 120 km, on which we visited
some of the extensive ice exposures due west of Elephant
Moraine (see photomap, Figure 2-1), and an isolated exposure
to the northwest. Random-path searching at the latter site
yielded two meteorites. As our four snowmobiles had covered
a cumulative distance of 64 km, this seemed to be a low rate
of discovery.

Because the weather had been consistently poor, and it was
getting late in the season, we decided to return to the Allan
Hills at the first opportunity. This came on 19 January. At 3:00
PM. that day the wind dropped to 15 knots, so we broke camp
and left by 7:00 PM. The return to Annexstad’s camp took only
seven-and-one-half hours, despite steadily rising winds. These,
combined with cold temperatures due to the lower sun angle
during the night, stressed us more than I would have preferred,
but the trip was made without incident. We were interested to
find that we could easily follow our outward tracks made a
week earlier, not because they were pressed into the snow but
because they were now standing up several centimeters in
relief, having offered some resistance to the erosive effects of
the wind during the intervening week.

Results and Discussion

During the 1982-1983 ficld scason unforeseen circum-
stances played a larger part in our results than in earlier years.
Initially we landed at the wrong ice exposure west of the Allan
Hills and discovered a previously unsuspected meteorite
stranding surface. We had visited this site briefly by helicopter
during the 1977-1978 secason but had not found meteorites.
We probably never would have returned to it had it not been
for this lucky accident. Unforeseen also, however, was the
spate of days with high winds, which greatly reduced our
operating efficiency and turned our planned days of systematic
searching at Elephant Moraine into days of reconnaissance
trips, mostly near our field camp. In retrospect, these two
circumstances may have offset one another.

Finally, by sheer coincidence we were able to borrow
geoceivers for the very field season during which a put-in by
mistake at an unplanned location left us at a site where we
could benefit most from having a geoceiver orientation
capability. If the effects of the first two factors offset each
other, then this one gave us a distinct advantage.

The Whillans and Cassidy (1983) model for forming
meteorite concentrations at a barrier such as the Allan Hills
describes three mechanisms that may operate simultaneously:
the direct fall of meteorites onto an exposed ice ablation
surface, weathering out of meteorites that fell upstrcam and
were transported at various depths to the ice ablation surface,
and, once they emerged on that surface, ice-flow crowding of
both sets of specimens toward the barrier. Given a constant
infall rate of meteorites through time, and equal age for all
parts of an ablation surface (and, for the moment, disregarding
the crowding effect), all parts of the ablation surface should
have a constant density of meteorites that fell directly onto
that surface. Similarly, if ancient ice is being exposed by
ablation close to the barrier at the same rate that less ancient
ice is being exposed farther from the barrier, then the
contribution of transported meteorites also should be constant.



Thus, any gradient in frequency of occurrence of meteorites
on diffcrent parts of an ablation surface could be attributable
only to the crowding effect, and this effect should act to
increase the frequency of meteorite occurrences toward the
barrier. Is such an increase observed? Because pairing
estimates are so uncertain, it is difficult to judge in quantitative
terms whether or not a regular increase in numbers of
meteorites does occur as one traverses eastward from the Far
Western Ice Field, over the Middle Western and Near Western
Icefields, to the Main Icefield at the foot of the Allan Hills.
Qualitatively, however, I can see no such variation, except
within the Main Icefield itself. There, the frequency of
meteorite occurrences is much higher on the ultimate
downstream scction of the ablation surface, below the step
feature and closer to the barrier, than it is above the step feature.

SMITHSONIAN CONTRIBUTIONS TO THE EARTH SCIENCES

This suggests the possibility that the three icefields to the west
actually are not located on a direct flowline toward the
stranding surface at the Main Icefield. Future remeasurements
of our geoceiver stations at the Far Western Icefield should
help to resolve this question, since the ice will have moved in
the interval.
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3. The Expedition to the Thiel Mountains
and Pecora Escarpment, 1982—-1983

John W. Schutt

Reconnaissance by C-130 Hercules

Two weeks of waiting in McMurdo at the end of the
1981-1982 season for aircraft availability and flying weather
were over. William Cassidy and I were aboard a ski-equipped
C-130 Hercules approaching the Thiel Mountains for a
bird’s-eye view of icefields selected as having a good
probability of significant meteorite concentrations. Cassidy had
looked at hundreds of aerial photographs of the Transantarctic
Mountains, searching for expanses of ice with characteristics
similar to those with known meteoritc concentrations in
southern Victoria Land. In West Antarctica, several areas in
the Thiel Mountains region and at the Pecora Escarpment, 160
km to the east, appeared favorable (Figure 3-1). Two fragments
of a pallasite had been found on blue ice in the Thiel Mountains
in 1961 (Ford and Tabor, 1971). Could they signify a large
meteorite concentration?

As the plane flew low over the Davies Escarpment we could
see ice gleaming below. We passed over the precipitous Bermel
Escarpment for a look at the icefields along the eastern side
of the Thiel Mountains and then on to the Moulton Escarpment.
Our excitement grew as we viewed these icefields. They did
indeed have features in common with the concentration sites
at the Allan Hills, Elephant Moraine, and Reckling Moraine.
The aircraft turned from the Thiel Mountains, heading eastward
for the Pecora Escarpment. Our excitement peaked as we
circled low over these icefields and they, too, looked
promising. Before leaving Antarctica we made plans to return
to the Thiel Mountains and Pecora Escarpment for a
reconnaissance traverse the following field season.

The Thiel Mountains—Pecora Escarpment Field Season

The field party of 1982-1983 consisted of Richard Crane,
of the United States Navy, Urs Krahenbuhl, of the University
of Bern, Switzerland, Louis Rancitelli, of Battelle Memorial
Institute at Columbus, Ohio, and the writer. Our party spent

John W. Schutt, Department of Geology and Planetary Sciences,
University of Pittsburgh, Pittsburgh, Pennsylvania, 15260.

thirty-five days in the field traveling roughly 1250 km on
snowmobiles.

On 13 December 1982 we flew over the Thiel Mountains
area to locate a landing site and to off-load equipment and
drums of snowmobile fuel. We landed at 85°07’S, 88°02'W,
approximately 23 km east of the Ford Massif. Two days later
we flew a second mission to drop fuel at two points along our
intended route and to put our party into the field.

Our first objective was a search of the icefields east of Mt.
Walcott and Mt. Wrather in the southern Thiel Mountains,
where the pallasite had been found (Figure 3-2). We discovered
no meteorites there. We then proceeded to the Pecora
Escarpment, a traverse of nearly 200 km requiring three days.

The Pecora Escarpment is a rocky mountainside, approxi-
mately 23 km long. It trends SW-NE and forms an absolute
barrier to ice flow. Roughly 125 square km of ice is exposed
upstream (Figure 3-3). Several less extensive icefields associ-
ated with ice escarpments are present within a radius of about
50 km. Upon arriving at the Pecora Escarpment we found snow
from recent storms covering a considerable area of the icefield.
Nevertheless, we began finding meteorites there soon after
beginning our search. Two days of high katabatic winds
interrupted our reconnaissance, but the winds removed much
of the snow and allowed us to scarch more effectively. We
found meteorites in greater numbers as we worked our way
toward the southwest end of the Pecora Escarpment. Many of
the specimens lay upstream of the rock barrier, as would be
expected. However, many others were found on ice that appears
to be downstream of the absolute barrier to ice flow; this has
not yet been explained. From the icefields in the immediate
vicinity of the Pecora Escarpment, we recovered 32 meteorite
specimens and took one sample of ice to be used for age
determination and ice chemistry studies. Because time did not
allow for both thorough searching and collection, we left at
least 50 meteorites in the field to be picked up in future seasons.
We did not explore ice patches outside the immediate vicinity
of the Pecora Escarpment, where we hope that additional
meteorites will be found.

Once we had determined that a significant meteorite
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FIGURE 3-1.—Location of the Thiel Mountains—Pecora Escarpment Region,
West Antarctica.
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concentration existed at the Pecora Escarpment and that
systematic searching would be required there, we resumed our
reconnaissance traverse. Our next objective was the Davies
Escarpment, 160 km to the west. We followed our outward
trail back for a distance, then broke off and headed for Lewis
Nunatak, near the southern end of the Davies Escarpment.
Extending southward from the Thiel Mountains nearly 55 km,
the Davies Escarpment presents no absolute barrier to ice flow.
Ice cliffs and heavily crevassed areas are common along its
length with only a couple of small, isolated rock exposures.
Blue ice areas are of limited extent there and are present only
at the base of the escarpment (Figure 3-4).

Upon reaching the Davies Escarpment we found consider-
able snow on the icefields; however, there was sufficient
exposure to determine the extent of any meteorite concentra-
tions. Our search of icefields along the Davies Escarpment
yielded seven meteorite specimens. We found no meteorites
on the small ice patches near Lewis Nunatak, but we picked
up one specimen on the ice approximately 8 km SSW of Lewis
Nunatak and six specimens during a thorough search of the
largest and northernmost icefield. We concluded that large
meteorite concentrations are not present in the vicinity of the
Davies Escarpment.

Proceeding from the Davies Escarpment, we traversed to the
Moulton Escarpment, an isolated nunatak 15 km west of the

SMITHSONIAN CONTRIBUTIONS TO THE EARTH SCIENCES

Ford Massif. This east-west trending escarpment is approxi-
mately 20 km in length. A bedrock ridge standing above the
ice cap forms an apparent absolute barrier to ice flow along 7
km of the escarpment. At least seven distinct bouldery,
ice-cored moraines, with no exposed bedrock, are situated
below the escarpment (Figure 3-5).

Conventional thought on meteorite concentrations dictates
that the icefields upstream of a bedrock barrier should have the
greatest potential as stranding surfaces. Our first search
upstream at the Moulton Escarpment resulted in no meteorite
finds. A search of the second most likely area, 6 km east of
Chastain Peak, produced only one specimen. After our
successes at the Pecora and Davies escarpments, we had felt
confident of success at the Moulton Escarpment as well, and
were disappointed by the absence of any concentrations. We
expected the ice downstream of the bedrock to lack meteorites,
and we probably would not have visited that area except that
we had to cross it to reach our air drop of fuel. On the last trip
to the drop site, we spotted a small meteorite, distinguished
by its anomalous shape, lying amongst the abundant dark-gray
and black terrestrial rocks. We returned the next day in better
weather and lighting conditions. We found no additional
specimens at the easternmost ice-cored moraine, but, as we
moved southward past the moraine, we found nine meteorites
concentrated in a small area between the moraine and the
escarpment (Figure 3-6). We recovered a total of 11 meteorite
specimens from the Moulton Escarpment icefields.

Our party found three new meteorite concentration sites and
recovered a total of 50 specimens as a result of reconnaissance
searches of the Pecora, Davies, and Moulton escarpments.
Forty-two of the specimens are classified as ordinary
chondrites, seven as achondrites, and one as a carbonaceous
chondrite (see Table 3-1).

The meteorite concentration at the Moulton Escarpment is
unusual in that all meteorites, except one, were located on ice
that is apparently downstream of an absolute barrier to ice flow.
We also found meteorites on what may be downstream ice at
the Pecora Escarpment. The discovery of these “unusual”
concentrations, which contradict previous experience and

TABLE 3-1.—Classification of meteorite specimens recovered from the Thiel
Mountains/Pecora Escarpment region, 1982-1983. (See Antarctic Meteorite
Newsletter, 6(2), 7(1), 7(2).)

Classification
Location Ordinary Carbonaceous
chondrite chondrite Achondrite Total
Pecora 26 1 5 32
Escarpment
Davies 6 0 1 7
Escarpment
Moulton 10 0 1 11
Escarpment
Total 42 1 7 50
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FIGURE 3-2.—Route of the 19821983 reconnaissance traverse in the Thiel Mountains—Pecora Escarpment region.

FIGURE 3-3.—Camp near the base of Mount Wrather, Thiel Mountains.
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FIGURE 3-4.—Aerial view looking southward over Pecora Escarpment. The large icefield, covering about 125
square km upstream (south) of the barrier yielded an abundance of meteorite specimens (dots), but specimens
were also found on smaller icefields downstream of the Escarpment in the vicinity of Ludlow Rock and west

of Damschroder Rock.

conventional thought on the concentration mechanism, have
increased the prospects for finding concentrations in areas that
previously would not have been searched.

NOTE: A Magnavox MX-1502 Satellite Surveyor, on loan
from the U.S. Bureau of Land Management, was used to
determine the geodetic positions of several meteorites (Figure
3-7) at the Pecora Escarpment. Doppler base stations were
established on Lulow Rock at the Pecora Escarpment and at
Chastain Peak (Figure 3-8) at the Moulton Escarpment. These
data have been used by the U.S.G.S. to improve the WGS-72
survey net in Antarctica.
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FIGURE 3-5.—Aerial view looking southward along the Davies Escarpment (right center). Dots indicate locations
of the seven meteorite specimens found in this area: six on the northernmost icefields at the foot of the
Escarpment, and one about 8 km SSW of Lewis Nunatak.
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FIGURE 3-6.—Aerial view looking southward over the Moulton Escarpment with Chastain Peak near the eastern end.
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FIGURE 3-7.—Satellite surveying of meteorite locations at the Pecora Escarpment.
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FIGURE 3-8.—Satellite surveying at Chastain Peak survey point in the Moulton Escarpment.

15



4. Extension of the Allan Hills Triangulation
Network System

John O. Annexstad and Kristine M. Annexstad

The Allan Hills Icefield was spanned by a triangulation
network of 20 stations in 1978 (Nishio and Annexstad, 1979).
Station locations in relation to the Allan Hills and its associated
icefields are shown in Figure 4-1. The network crosses the
region of highest meteorite concentration represented by the
dotted area. The stations were resurveyed in 1979 and 1981
and the results showed that ice movement was generally from
west to east, it decreased in velocity as the Allan Hills were
approached, and the ice surface ablated at an average rate of
about 5 cm per year (Nishio and Annexstad, 1980; Annexstad,
1983; Schultz and Annexstad, 1984).

During the 1982/1983 austral summer field season the
authors extended the original triangulation network from the
Allan Hills Main Icefield to the Near Western Icefield (Figure
4-2) and attempted to locate station positions with an
astronomical theodolite. Inclement weather forced an early end
to the field season and frustrated attempts to accurately survey
the newly established stations.

The network as it now appears is shown in Figure 4-3
extending in a westerly direction from the baseline (Stations 1
and 2). Stations 25 to 38 were added to the original line. Station
numbers are not sequential because the strain flower (Stations
21-24) was established after the initial survey of the original
network (Stations 1-20).

Ablation was measured at each station of the original
network prior to installing the line extension. This measure-
ment consists of obtaining the distance to 0.1 cm from the top
of the pole to the surface of the ice. An east side and west side
reading is taken at each station and the measurements averaged,
because the ice surface can be quite uneven near the base of
the poles.

Table 4-1 lists the annual rates of ablation from 1978 to
1982 with the four year average and standard deviation (from
Annexstad, 1983). From this table it can be seen that the rate
of ablation varies from year to year and from station to station.

John O. Annexstad, NASA Johnson Space Center, Houston, Texas
77058. Kristine M. Annexstad, Frank Welch and Associates, Dallas,
Texas 75205.
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Although sublimation plays an important part in the process
of ablation, Annexstad (1983) has shown that the abrasive
action of blowing ice crystals is also a contributing factor.

The network was extended from Station 20 to the visible
part of the Near Western Icefield as determined by binocular
observations. The eastern portion of the Near Western Icefield,
as viewed from Station 20, is a small ice patch about 1 km
wide situated below the crest of a rather prominent firn field.
Therefore, the extension line was constructed as two legs, one
leg from Station 20 and one leg about a kilometer south of
Station 20, each of which intercepted one edge of the visible
portion of the eastern section of the Near Western Icefield.

Stations 20-36 (even numbered) were positioned about 1.5
km apart unless a closer spacing was needed for visual contact.
Each station was placed so that a lower numbered and a higher
numbered station were visible with binoculars.

Stations 25 to 37 were positioned along a line 1 km to the
south of the even-numbered leg. Each individual station was
placed as close as possible to a point on the perpendicular
bisecting the line between two even-numbered stations and
visible from a lower and higher numbered station on the same
leg. This method of positioning ensures that the surveyor at
each station has clear visibility of at least three other stations.

Each station consists of a 3 m bamboo pole placed into a 7.5
cm diameter hole drilled 70-100 cm deep in the ice or firn.
The base of the pole is wrapped in a layer of fiberglass
insulation to decrease ablation effects from conduction and to
ease pole removal for the survey. The poles were numbered
appropriately and a red trail flag attached 2-3 centimeters
below the top. Measurements were taken of the depth of the
hole and the height of the pole from the surface.

Figure 4-4 shows one of us (KMA) using a fiberglass-bodied
drill to establish one of the stations. The drill is operated by
hand and the operator is protected from the prevailing winds
by a snowmobile-mounted, triangularly shaped windbreak. The
fiberglass-bodied drill is considerably easier to use than the
steel SIPRE drill, formerly used on this project, but its lack of
weight requires some downward pressure by the operator.

Numerous attempts were made to establish station positions
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FIGURE 4-1.—The original triangulation network across the Allan Hills Main Icefield.

and distances from known points by triangulation survey
methods. A Wild T-2 theodolite and the triangular windbreak
pictured in Figure 4-4 were used in these attempts. Unfortu-
nately, the Antarctic weather did not cooperate and only two
stations (20 and 19) were successfully occupied. It should be
noted that conditions varied between whiteouts and severe

blowing snow, which made theodolite observations all but
impossible in this area. The network extension is constructed
primarily in firn so that even moderate winds will obscure the
survey targets with blowing snow.

The distances between Stations 20-38, shown in Figure 4-1,
are snowmobile odometer readings, because the triangulation
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FIGURE 4-2.—The four icefields lying west of the Allan Hills.

survey was not completed. These distances are subject to the
errors due to surface undulations of the firn and the notorious
inaccuracies of snowmobile odometers.

Although a precise determination of position and movement
of the stations must await future surveys, some visual
observations of surface conditions were noted at the Near
Western Icefield. A wave-like step feature at the eastern edge
of the Near Western Icefield is the most prominent topographic
feature. This step feature resembles the one in the immediate

vicinity of the Allan Hills that Yanai et al. (1978) described
as a monocline. On the eastern slope of the step the blue ice
has reached the surface and the high winds in that area keep it
free of snow. The ice surface is interlaced with small crevasses
and tensional cracks, which are common features in blue ice
arcas. The general alignment of the crevasses is with the long
axis perpendicular to a northeast ice flow direction. The
crevasse patterns indicate that the surface ice in this vicinity
will bypass the Allan Hills Main Icefield, which lies to the east.
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FIGURE 4-3.—The triangulation network with recent extensions: the strain flower (Stations 21 to 24) and the

southwest extension (Stations 25-38).

In a description of the four icefields that are upstream of the
Allan Hills, Schutt et al. (1983) suggested that they are all
interconnected and part of the main Allan Hills Icefield. The
locations of these ice fields are shown in Figure 4-2 relative
to the Allan Hills and Battlements Nunatak (Annexstad, 1983).
The assumption that the four icefields are interconnected may
be a premature guess if the direction of motion indicated by
crevasse alignment at the Near Western Icefield is correct. If
the icefields are interconnected, it should follow that surface
crevasse patterns should indicate an easterly flow direction,
toward the Allan Hills. A positive determination of the
direction of flow and its velocity must await further survey
data. Until those data are available it does appear that the
meteorite concentration areas in the main Allan Hills Icefield
represent the convergence of a diverse set of flow patterns
emanating from a number of widely spaced sources.
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TABLE 4-1.—Rates of ablation (—) and accumulation (+) measured in centimeters per year at survey stations
on the Allan Hills Icefield.

1978-1982
Station 1978-1979 1979-1980 1980-1981 1981-1982  Average + Std. Dev.
3 -22 +1.8 -20 +2.8 +0.1x26
4 -23 -0.9 +18.1 -29 +3.0£10.1
5 -11 -21 +14 -0.1 -05%15
6 -17 -25 -2.8 -32 -26106
7 -26 -2.8 +26 -04 -0.8%25
8 -3.8 -1.7 -19 -13 -22=%1.1
9 -43 -20 -33 -4.7 -36%12
10 -6.6 -39 -57 -0.2 -4.0%28
11 -57 -27 -58 -7.1 -53+19
12 -45 -29 -5.1 -24 -37%13
13 -57 -6.5 -62 -58 -60%04
14 -72 -26 -43 -4.8 -47%19
15 -58 -21 -49 -42 -42+16
16 -4.3 -0.1 -1.6 -1.8 -20x17
17 -5.4 -3.5 -29 -72 -48+20
18 -4.7 -42 -35 -57 -45+09
19 -32 -1l -2.0 -25 -22%09
20 -1.8 -13 -1.7 +0.4 -1.1x10
21 -6.5 -26 -49 +5.1 -22%5.1
22 -58 ~1.4 -28 -84 -46+3.1
23 -6.1 -3.0 -56 -33 -45%16
24 -05 -3.7 ~4.38 -56 -48108
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FIGURE 4-4.—KTristine Annexstad drilling a station hole with the fiberglass-bodied drill. The triangular
windshield is attached to the snowmobile.



5. The Field Season in Victoria Land, 1983-1984

Robert F. Fudali and John W. Schutt

The 1983-1984 season marked the eighth consecutive year
of Antarctic Search for Meteorites fieldwork on the South Polar
Plateau. This ANSMET team was the largest single field party
to date, consisting of eight people equipped with eight
steel-cleated snowmobiles and 12 Nansen sleds. The team was
led by William A. Cassidy of the University of Pittsburgh.
Other participants were A.C. Hitch, of Ferndale, Washington,
K. Nishiizumi, of the University of California at San Diego,
Paul Pellas, of the Museum of Natural History in Paris, Ludolf
Schultz, Max Planck Institute for Chemistry in Mainz, West
Germany, Paul Sipiera, Harper College, Illinois, and the
authors.

Despite some annoying equipment malfunctions involving
the snowmobiles, Nansen sleds, and field radios, and two
potentially serious mishaps caused by a parachute that failed
to open during a fuel drop at Elephant Moraine, plus a bad
tent fire late in the season, our overall accomplishments rank
with the best of those of previous seasons. Our provisional field
count of meteorites, meteorite fragments, and possible
meteorites was 367, and 40 to 50 more small fragments were
not bagged individually. One iron meteorite was found in the
Wright Valley by a member of George Denton’s University
of Maine field party and turned over to us at the end of the
season.

For the first time, many of the meteorite find locations were
determined using a theodolite and an electronic distance
measuring device. These locations were also determined
absolutely, with accuracy on the order of a few meters, by tying
them to geoceiver stations positioned at Elephant Moraine and
the Far Western Icefield the previous season by satellite
doppler tracking. This surveying equipment was also used to
emplace a series of survey stations between the Far Western
Icefield and the Main Icefield in the Allan Hills region. These
stations were tied to the previously established triangulation
network on the Main Icefield and to the geoceiver stations on
the Far Western Icefield. Gravity measurements were made at

Robert F. Fudali, Department of Mineral Sciences, National Museum
of Natural History, Smithsonian Institution, Washington, D.C. 20560.
John W. Schutt, Department of Geology and Planetary Sciences,
University of Pittsburgh, Pittsburgh, Pennsylvania 15260.
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all these stations and tied to the previous gravity measurements
over the triangulation network (Fudali, 1982). The gravity data
are now sufficient to give us a general idea of the depth and
configuration of the ice/bedrock interface out to a distance of
70 km WSW of the Allan Hills. Finally, we collected large
blocks of ice from five icefields, using a power chain saw, for
a number of isotopic studies that we hope will lead to a better
understanding of the ice ages and ice dynamics in the collecting
areas.

Our original plan called for a Hercules C-130 put-in of our
party at the Far Western Icefield, 70 km WSW of the Allan
Hills, which we would search systematically and then move
to the Mid and Near Western Icefields for similar work. The
four separate blue icefields WSW of the Allan Hills have been
described in some detail by Fudali and Schutt (1984) and are
shown in Figure 4-2 (Chapter 4). However, C-130 reconnais-
sance flights were unable to find a suitable landing site
anywhere in the vicinity of the Far Western Field. The only
suitable landing site we found was in the vicinity of Griffin
and Outpost Nunataks, which held no promise of meteorites.
Under those circumstances, we decided to revise our plans-and
devote a major effort to systematically searching Elephant
Moraine and its adjacent blue ice fields, and then to traverse
overland to the ice fields west of Allan Hill (Figure 5-1).

To find a suitable landing site for a ski-equipped C-130 on
the South Polar Plateau is an interesting task. The preferred
test is to drive the C-130 onto the snowfield under flying power
and observe the effects of this maneuver, both on the aircraft
and on the snow surface. Those of us who participated in such
reconnaissance flights can attest to the adrenalin-pumping
nature of such maneuvers. We commend C-130 Commander
Brian Rich and his crew for their competence and their “cool.”

On 9 and 10 December, two C-130 flights put in our party,
equipment, and supplies, 60 km north of Elephant Moraine
(Figure 5-2). Strong katabatic winds made overland travel
difficult and, indeed, kept us tentbound at the landing site for
two days. We reached the moraine (Figure 5-3) on the morning
of 15 December.

We spent 13 days at Elephant Moraine, systematically
searching the blue ice fields, east, west, and south of the
moraine with snowmobile sweeps. We also spent considerable
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FIGURE 5-1.—Camps and route of the season’s snowmobile traverse that logged 1250 km in 45 days.

time searching, on foot, within the moraine. Meteorites do
occur in the moraine and can be distinguished from the
terrestrial rock litter (Figure 5-4), but the bulk of the meteorites
were recovered from the blue ice surfaces, and it is questionable
whether persistent moraine searches on foot is a time-effective
way to recover Antarctic meteorites. We continued to find
meteorites on blue ice until the day we left and there are surely

additional meteorites on the iceficlds there. A total of 207 field
numbers were issued at Elephant Moraine, with provisional
field identifications as shown in Table 5-1.

On 26 December, a C-130 air drop at the moraine provided
us with a spectacular cratering experiment. One of the three
pallets failed to deploy its parachute and four 55-gallon drums
of fuel impacted the snow with undiminished velocity. All
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FIGURE 5-2.—Unloading a ski-equipped C-130 Hercules near Griffin and
Outpost Nunataks.

four drums were breached by the impact but we managed to
salvage three of the four with minimal fuel loss. The fourth
drum provided us with 55 gallons of fuel-soaked snow in which
to burn our trash before breaking camp.

Elephant Moraine is an interesting feature that deserves
further study. It is unrelated to any bedrock outcrop and
consists of a complexly configured ice ridge littered with a thin
surface veneer of rocks of diverse sizes and types. Similar
moraines elsewhere in Antarctica have been assumed to signal
the presence of bedrock at shallow depth beneath them. The
meteorite concentration provides indirect evidence of a
subsurface, partial barrier to ice movement, but we have no
direct information on this postulated barrier.

The weather during the 15-28 December period was almost
entirely dominated by temperatures well below freezing and
strong katabatic winds. Nevertheless, on several occasions
liquid water was observed on the lee and sunny side of rock
surfaces in the moraine (Figure 5-5). Almost all Antarctic
meteorites show some weathering effects and many are badly
oxidized. Meteorite weathering has generally been regarded
as an extremely slow process on the Polar Plateau, character-
ized by only infrequent contact with liquid water on warm,
sunny, windless days. Our observations at Elephant Moraine
suggest that liquid water may be a more pervasive weathering
agent than previously supposed.

We departed Elephant Moraine on 29 December (Figure
5-6) and proceeded to the camp site of the 1982-1983 season
on the Far Western Icefield. Aside from the partial disintegra-
tion of one Nansen sled, carrying two 55-gallon drums of fuel,
this leg was made in two days without significant incident.

We did not intend to collect meteorites systematically at the
Far Western Icefield, as the field season was drawing to a close
and we had much else still to do. We were primarily interested
in collecting ice samples for isotopic studies, especially from
the site of a meteorite found embedded in the ice last year (see
Chapter 10), and in tying together the geoceiver stations

FIGURE 5-3.—The southem part of Elephant Moraine, looking south.

emplaced the previous season with a view toward extending
ground-surveyed stations from the Far Western Field all the
way to the Allan Hills network. At the expense of leaving a
number of observed but uncollected meteorites on the ice, we
achieved these goals. We could not, however, resist collecting
a few meteorites, including 76 individual fragments of a
carbonaceous chondrite (Figures 5-7 and 5-8) that Paul Pellas
caught sight of as we were proceeding toward the ice-
embedded meteorite site. These fragments appeared to be
entirely fresh and were scattered on both ice and snow surfaces,
leading us to believe we might be collecting a very recent fall.
26A1 measurements have subsequently shown this supposition
to be incorrect (W.A. Cassidy, personal communication).

On 6 January we broke camp and proceeded to the Middle
Western Icefield, putting in survey and gravity stations along
the way. We intended to systematically and thoroughly sweep
that entire icefield for meteorites but were hampered by high
winds during virtually our entire nine-day stay. In fact high
winds kept us tentbound for seven straight days. Nevertheless,
we did manage to collect a few meteorites and extend the
survey and gravity stations half way to the Near Western
Icefield before leaving for the Main Icefield.

On 14 January a bad tent fire resulted in burns to Paul
Sipiera’s hands and face. He was evacuated by helicopter
within two hours and, upon landing at McMurdo, was put
directly on a C-130 flight to New Zealand. The same helicopter
returned Paul Pellas and Ludolf Schutz to McMurdo, leaving
five of us in the field.

On 16 January we moved camp for the last time, extending
survey and gravity stations to the Near Western Icefield and
then traversing directly to the Main Icefield for our final few
days. On the 17th a three-man crew from the British
Broadcasting Corporation joined us for several days of filming
and thereby severely curtailed our collecting activities. In just
a few hours of searching, however, we found 29 meteorites
on ice surfaces that have been searched and researched in past
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FIGURE 5-4.—Small iron meteorite (dark and shiny) found among the rocks
of Elephant Moraine.

FIGURE 5-5.—Liquid water and icicle on the sun-facing side of a boulder in
Elephant Moraine.

FIGURE 5-6.—ANSMET on the move.

FIGURE 5-7.—Paul Pellas and the first three carbonaceous chondrite fragments
found at the northermost extension of a small strewnfield containing a total
of 56 fragments (see also Figure 5-8).

seasons. This probably reflects the fact that snow cover was
remarkable for its virtual absence on the Main Icefield, in
contrast to previous seasons. A few meteorites were also
incidentally picked up by a two-person party working to extend
the survey stations from the Near Western Field to the
triangulation network on the Main Field.

On 21 January, meteorites, ice blocks, and three team
members were flown to McMurdo. Three days later the last
two people were returned safely, bringing to a close what was
arguably the most ambitious ANSMET field season to date.
Our snowmobile odometers logged over 1250 km during 45
days on the Polar Plateau. In addition to the large number of
meteorites returned from five separate locations, an ice
sampling program was carricd out, and survey and gravity
stations now extend from exposed bedrock at Allan Hills to the
Far Western Icefield.

Literature Cited

Fudali, Robert F.
1982. Gravity Measurements across the Allan Hills Main Meteorite
Collecting Area. Antarctic Journal of the United States, XVIII,
5:58-60.
Fudali, Robert F., and John W. Schutt
1984. The Field Season in Victoria Land, 1981-1982. /n U.B. Marvin and
B. Mason, editors, Field and Laboratory Investigations of Meteorites
from Victoria Land, Antarctica. Smithsonian Contributions to the
Earth Sciences, 26:9-16.



NUMBER 28

Table 5-1.—Tentative classification of meteorite specimens found at Elephant Moraine and the
Allan Hills icefields during the 1983-1984 season.

ITcefield
Specimens Al.lan A]:Ian A]'lan Aum
Elephant Hills Hills Hills Hills
Moraine Far West Mid West Near West Main Total
Ordinary 179 7 31 13 29 259
chondrites
Carbonaceous 4 76 2 82
chondrites
Acondrites 12 2 14
Stony-Irons 1 1
Irons 3 3
Possible 8 8
meteorites
Total 207 83 35 13 29 367
T ™
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FIGURE 5-8.—Skeich map of carbonaceous chondrite strewnfield of 56
fragments (field numbers 2126-1 10 2126-56) on the Allan Hills Far Western
Icefield. Numbers 2120 and 2128 are other types of meteorites in the same area.
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6. Descriptions of Stony Meteorites

Brian Mason, Glenn J. MacPherson, Roberta Score,
Carol Schwarz, and Jeremy S. Delaney

This chapter provides descriptions of some of the individual
meteorite specimens collected during the 1982-1983 and
19831984 field seasons. The descriptions are based largely
on those published in the Antarctic Meteorite Newsletter, with
additional information as available. Also included here are
previously unpublished data on small specimens of special
interest from the 1978—1979 and 1981-1982 field seasons.
The Appendix contains a complete list of Antarctic meteorites
recovered to date, along with their type, weathering grade,
mass, etc. Specimens weighing less than 100 grams that do
not show distinctive features are listed in the Appendix, but
are not described in the text.

Descriptions are arranged according to meteorite classifica-
tion. Within the chondrites the specimens are grouped
according to the Van Schmus and Wood (1967) classification,
and the descriptions follow the order of increasing petrographic
type.

The letter-number designations concur with guidelines
recommended by the Committee on Nomenclature of the
Meteoritical Society; each carries the following information:
location, e.g., ALH (Allan Hills); expedition and year, e.g.,
A81 (Expedition A, 1981); sample number, xxx (e.g., 213).
After 1981 the “A” preceding the year was dropped. The
original weight of the specimen is given to the nearest gram
(nearest 0.1 gram for specimens weighing less than 100 grams).

Chondrites

CLAss C2
FIGURES 6-1, 6-2
ALHA81312 (0.7 g).—This small specimen (1.0 X 0.8 x 0.5

cm) was tentatively identified as a carbonaceous chondrite
from its exterior features, and this has been confirmed by

Brian Mason and Glenn J. MacPherson, Department of Mineral
Sciences, National Museum of Natural History, Smithsonian Institu-
tion, Washington, D.C. 20560. Roberta Score and Carol Schwarz,
Northrop-Houston, Johnson Space Center, Houston, Texas, 77058.
Jeremy S. Delaney, Department of Mineral Sciences, American
Museum of Natural History, New York, N.Y. 10024.
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examination of the thin section. The section shows several
small chondrules (maximum diameter 0.5 mm) and numerous
colorless mineral grains in a translucent brown to opaque black
matrix. McSween (personal communication) reports the
following modal analysis of this section (vol. %): matrix, 60.3;
monomineralic grains, 14.1; chondrules and pblymineralic
fragments, 22.8; inclusions, 2.8. Microprobe analyses show the
following wide ranges in composition for olivine and
pyroxene: olivine, Fa, .5, with a mean of Fag pyroxene
generally close to clinoenstatite in composition, but individual
grains range up to Fs,. Small refractory (spinel-rich)
inclusions are present, some of which contain pleochroic (deep
blue to colorless) hibonite.

ALH82100 (24.3 g).—Patches of fusion crust are preserved
mainly on one side of this small stone (3.5 X 3.5 X 2.5 cm).
Small submillimeter inclusions are visible on the exposed
interior surfaces. The stone is unfractured and one face has a
rough texture from weathering. The thin section shows
numerous small colorless grains (up to 0.3 mm) and irregular
aggregates (up to 0.6 mm, and mainly of olivine), and sparse
chondrules, in a black matrix that is translucent brown in
thinned areas. A few small spinel- and perovskite-bearing
refractory inclusions and spherules are present. Trace amounts
of nickel-iron and troilite occur as widely dispersed minute
grains. Microprobe analyses show olivine compositions in the
range Fa, ,,, but most grains are iron-poor and the mean
composition is Fag; pyroxene is rare, and only two grains of
clinoenstatite (Fs, ,) were analyzed. McSween (personal
communication) reports the following modal analysis of this
section (vol.%): matrix, 77.1; monomineralic grains, 7.5;
chondrules and polymineralic fragments, 13.9; inclusions, 1.5.

ALH82131 (1.0 g).—One small patch of blistery fusion crust
remains on this tiny specimen (1 x 1 x 0.5 cm). The exposed
underlying surface is black with a greenish tinge. The interior
is black and contains many submillimeter-size white inclu-
sions. A green weathering rind extends approximately 1 mm
into the stone. The very small thin section shows a single
chondrule in a black (brown on thin edges) opaque matrix.
Microprobe analyses show that the matrix has the composition
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b

FIGURE 6-1.—C2 chondrites; note the blistery fusion crust on ALH83016.

characteristic of C2 chondrites. Clasts and inclusions are
largely replaced by green to brown phyllosilicate material.
Olivine in the chondrule is almost pure forsterite (FeO 0.3%;
Ca0 0.3%-04%).

ALH83016 (4.1 g).—A brown to black fusion crust covers
part of this small stone (3 X 2 X 0.8 cm). The interior is black
with abundant irregular white inclusions and some chondrules.
The thin section shows a few poorly defined chondrules up to
1.8 mm across, consisting of granular or barred olivine with
minor polysynthetically twinned clinopyroxene. A few small
spinel-rich inclusions are present. The bulk of the meteorite
consists of translucent brown to opaque black matrix. Scattered
through the matrix are colorless, birefringent grains, mostly
olivine, up to 0.3 mm but usually less than 0.1 mm across.
Trace amounts of nickel-iron and sulfides are dispersed
throughout the section as minute grains. Well-preserved fusion
crust rims part of the section. Microprobe analyses show that
olivine varies widely in composition, ranging from Fa,, to

Fa,, (with a mean of Fa,;); it also has a notable chromium
content, 0.1-0.5 weight percent Cr,0,. Pyroxene is generally
close to clinoenstatite in composition. McSween (personal
communication) reports the following modal analysis of this
section (vol.%): matrix, 65.6; monomineralic grains, 7.1;
chondrules and polymineralic fragments, 22.6; inclusions, 3.7.

ALH83100 (2293 g).—Since the initial description of this
stone, many other specimens have been paired with it (e.g., see
Antarctic Meteorite Newsletter, 8(2), and the cumulative
weight for 55 pieces is 2293 g. ALH83100 itself is an angular
fragment, and is so highly fractured that several pieces fell off
during handling. The surface is dull black with a few barely
discernible clasts or chondrules. White “evaporite” deposits are
present locally; these are apparently weathering products
formed in the Antarctic, but they only became visible in the
receiving laboratory as water in the interior of the meteorite
worked its way to the surface carrying soluble salts along with
it. The thin section shows a large number of clasts (up to 1



NUMBER 28

FIGURE 6-2.—Photomicrographs of thin sections of C2 chondrites (each field of view is 3 X 2 mm): a,
ALHAS81312; b, ALH83100; ¢, EET83226; d, EET83250. Irregular aggregates, grains, and rare chondrules,
mainly of olivine (white to gray) in translucent to opaque matrix (black).

mm across) and mineral grains, and a few chondrules, in a dark
matrix. A little (about 1%) sulfide is present as minute grains,
some of which are concentrated at the margins of chondrules.
Nickel-iron occurs in trace amounts, some as small spherules.
The clasts, inclusions, and most of the mineral grains consist
of phyllosilicate and, in many places, calcite, that are probably
alteration products of the original phases. Microprobe analyses
shows that a few preserved primary grains are forsteritic
olivine.

ALH83102 (1786 g).—This meteorite consists of 20 or
more pieces; only two of the larger pieces have been examined
to date. Both pieces are extensively fractured and extremely
friable. Small patches of fusion crust are present. White
evaporite deposits (see above) are present on both interior and
exterior surfaces. Small white inclusions are visible in a
greenish black to black matrix that locally shows signs of heavy

oxidation. The thin sections show that the two fragments are
identical. Both are intensely altered, with the matrix, inclu-
sions, and chondrules being almost completely replaced by
iron-rich phyllosilicates, calcite, and iron oxides. The matrix
is opaque and black except where the sections are unusually
thin. Olivine grains are sporadically preserved, with composi-
tions that are mostly Fa,,, although some range up to Fa,,.
One small spinel-rich refractory spherule was found, in which
the spinel is nearly pure MgAlL,O,. No other primary phases
were found in this spherule.

This meteorite can confidently be paired with ALH83100,
because of the identical and unusual petrographic features of
both specimens and because of their geographic proximity on
the ice field where they were found (see Chapter 5).

EET83224 (8.6 g).—A dull and fractured fusion crust covers
about one-quarter of this small specimen (2.5 X 2.5 X 1.5 cm).
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Some of the uncrusted surface is jet black, but in places it has
weathered to a brown color. Chondrules and small irregular
white inclusions are visible in the jet black interior. The thin
section shows a few chondrules (up to 0.8 mm in diameter),
small (0.1 mm or less), colorless, and birefringent grains
(mostly olivine), and what appear to be chondrule or clast
fragments, all in a transparent brown to opaque black matrix.
Chondrules consist mostly of granular olivine, but a few have
minor polysynthetically twinned clinopyroxene as well. A few
small spinel-bearing refractory inclusions are present. Acces-
sory nickel-iron and trace amounts of sulfide are dispersed
throughout the section as minute grains. Microprobe analyses
gave the following compositions: olivine ranges from Fa, , to
Fa,;, with a mean of Fag; pyroxene is generally near enstatite
in composition (FeO 0.4%-1.0%). McSween (personal commu-
nication) reports the following modal analysis of this section
(vol.%): matrix, 63.8; monomineralic grains, 12.4; chondrules
and polymineralic fragments, 21.3; inclusions, 2.5.

EET83226 (33.1 g).—No fusion crust remains on this
angular fragment (4 X 2.5 X 3 cm). The exposed surface is jet
black with a granular texture and shows abundant chondrules
and inclusions. The thin section shows abundant small
chondrules, averaging about 0.3 mm in diameter, and numerous
mineral aggregates and mineral grains, set in a moderate
amount of dark brown to black opaque matrix. Chondrule types
include granular and barred olivine, some of which contain
pale brown and partly devitrified glass. Accessory amounts of
finely dispersed nickel-iron and sulfide are present. Microprobe
analyses show that much of the olivine is near forsterite in
composition, but occasional iron-rich grains are present (the
overall range is Fa 5 ¢, with a mean of Fa,,). Pyroxene grains
are rare; their composition range is Fs ¢ ;. McSween (personal
communication) reports the following modal analysis of this
section (vol.%): matrix, 39.6; monomineralic grains, 14.5;
chondrules and polymineralic fragments, 36.1; inclusions, 9.8.

EET83250 (11.5 g)—This specimen broke into many
fragments during transport from Antarctica. Both fusion crust
and white evaporite deposits cover much of the exterior
surface. Interior surfaces are black and speckled with white
inclusions. In thin section only a few chondrules and chondrule
fragments are seen; the bulk of the meteorite consists of brown
to black semi-opaque matrix, enclosing numerous small (0.1
mm and less), colorless, birefringent grains, mostly olivine. A
few small spinel-rich inclusions are present. The matrix also
contains trace amounts of finely dispersed nickel-iron and
sulfides. Well-preserved fusion crust rims part of the section.
Microprobe analyses show most of the olivine is close to
forsterite in composition, with a few iron-rich grains (the range
is Fay 5 ,,, with a mean of Fa,). Pyroxene grains are rare; their
composition range is Fs, ,,. McSween (personal communica-
tion) reports the following modal analysis of this section
(vol.%): matrix, 71.2; monomineralic grains, 14.5; chondrules
and polymineralic fragments, 12.1; inclusions, 2.2.

SMITHSONIAN CONTRIBUTIONS TO THE EARTH SCIENCES

CLASs C3
FIGURES 6-3, 6-4

ALHAR81258 (1.1 g).—This small stone (1 X 1 X 0.5 cm) is
mostly covered by vesicular black fusion crust; chondrules are
visible on interior surfaces. The thin section shows numerous
chondrules up to 2 mm across and irregular crystalline
aggregates up to 3 mm in maximum dimension, set in a minor
amount of dark brown to black semi-opaque matrix. The
chondrules and aggregates consist mainly of granular olivine
with minor amounts of polysynthetically twinned pyroxene.
Trace amounts of nickel-iron are present as minute grains.
Sulfide is present in small amounts, finely dispersed through-
out the matrix and sometimes concentrated in chondrule rims.
Microprobe analyses of chondrule olivines show a wide
composition range: Fa, ,., mean Fa,;; the matrix appears (0
consist largely of fine-grained iron-rich olivine, Fa,, .
Pyroxene in the chondrules is clinoenstatite, mostly near Fs,,
but with occasional Fe-rich grains. The meteorite is a C3V
chondrite, very similar to ALHA81003; the possibility of
pairing should be considered.

ALHS82101 (29.1 g).—The exterior surfaces of this stone (3
X 2.7 x 2.7 cm) are mostly covered with a shiny, blistery fusion
crust. Broken surfaces reveal a gray-beige interior with an
outer, 1 mm thick, discontinuous weathering rind. The matrix
is fine-grained, with metal and a few white to gray inclusions
being visible. The thin section shows an aggregate of small
chondrules (average diameter ~0.5 mm), chondrule fragments,
and mineral grains set in an extremely fine-grained, translucent
tan to yellow-brown matrix. The chondrules show a wide
variety of textures; in barred olivine chondrules the material
interstitial to the bars is pale brown isotropic glass. Minor
amounts of nickel-iron and sulfide are present, as small grains

1cm

FIGURE 6-3.—C3 chondrite ALH82101.
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FIGURE 6-4.—Photomicrographs of thin sections of C3 chondrites (each field of view is 3 x 2 mm). q,
ALHAB1258; b, ALH82101. Note the textural differences between ALHA81258 (C3V) and ALH82101 (C30).

within some chondrules and also concentrated around their
margins. Numerous small refractory inclusions are present;
identified phases include melilite, deep pink spinel, and
colorless hibonite. Microprobe analyses of olivine show a wide
composition range: Fa, 5, with a mean of Fa,,; only a few
grains of pyroxene were found, having a composition range
of Fs; ;,. The meteorite is classified as a C3 chondrite of the
Ornans subtype; it is possibly paired with ALHA77003.

Wieler et al. (1985) have reported abundances and isotopic
compositions of He, Ne, and Ar in ALH82101.

CLASS H3
FIGURE 6-5

ALH82110 (39.3 g).—Fusion crust totally covers this small
stone (4.5 x 2.5 x 2.0 cm). Chipping has exposed a weathered
interior with some obvious inclusions. The thin section shows
a close-packed aggregate of chondrules and chondrule
fragments in a minor amount of opaque matrix. Nickel-iron
grains are abundant in the matrix, sometimes concentrated in
chondrule rims; troilite is present in lesser amount. A wide
variety of chondrules is present, ranging up to 2 mm in
diameter; the most common types are porphyritic and granular
olivine and olivine-pyroxene. Microprobe analyses show the
following wide composition ranges in olivine and pyroxene:
olivine, Fa, ¢ ,,, with a mean of Fa,, (% mean deviation of FeO
is 52; see Dodd et al.,, 1967, for definition of % mean
deviation); pyroxene, Fs, 5, with a mean of Fs;, (% mean
deviation of FeO is 48).

PCA82520 (22.7 g).—Dull black fusion crust covers 80%
of the surface of this pyramidal stone (3 X 2 X 1.5 cm), the
remainder being covered with a shiny reddish brown crust.

-Extensive weathering has given the matrix a yellowish to

reddish brown color, but some metal is nonetheless preserved.
The thin section shows a close-packed aggregate of chondrules
(up to 1.5 mm in diameter), chondrule fragments, and a few
clasts, with interstitial nickel-iron and troilite and a relatively
small amount of dark matrix. A considerable variety of
chondrules is present, the majority being granular or porphyri-
tic olivine types with transparent to turbid interstitial glass;
other types include fine-grained pyroxene, medium-grained
olivine plus polysynthetically twinned clinopyroxene, and
barred olivine. Brown limonitic staining pervades the section.

FIGURE 6-5.—Photomicrograph of thin section of H3 chondrite ALH82110
(field of view is 3 x 2 mm). A closely packed aggregate of chondrules, irregular
fragments, and mineral grains is set in a minor amount of dark matrix.
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Microprobe analyses show olivine mainly in the range Fa s ,,,
but one clast has olivine Fag; the mean composition is Fa,,
(% mean deviation of FeO is 27). Pyroxene ranges in
composition from Fs, to Fs;y with a mean of Fs 14 (% mean
deviation of FeO is 24).

CLASS L3
FIGURES 6-6, 6-7

ALHA78013 (4.1 g), 78186 (3.1 g), 78236 (14.4 g), 78238
(9.8 g), 78243 (1.9 g), 81145 (21.1 g), 81156 (19.7 g), 81162
(594 g), 81190 (48.3 g), 81191 (30.4 g), 81214 (4.4 g), 81229
(40.0 g), 81243 (15.0 g), 81259 (9.9 g), 81272 (22.9 g), 81280
(54.9 g), 81292 (129 g), 81299 (0.5 g).—Examination of thin
sections and microprobe analyses of the minerals in these
meteorites show that they are essentially identical to ALHA77011,
and can confidently be paired with it. E.R.D. Scott (personal
communication) has also examined the sections and supports
this interpretation.

ALHA78046 (70.0 g).—Thin section examination shows
that this stone consists almost entirely of a close-packed
aggregate of chondrules and chondrule fragments; most of the
interstitial material consists of nickel-iron and troilite grains,
in places forming rims on the chondrules. Weathering is
extensive, with limonitic staining and small areas of brown
limonite throughout the section. Chondrules range from 0.3 to
3.6 mm in diameter; a variety of types is present, the most
common being granular and porphyritic olivine and olivine-
pyroxene. Microprobe analyses show considerable variability
in mineral compositions. Olivine compositions range from Fag
to Fa,g, with a mean of Fa,y (% mean deviation of FeO is 20).
Pyroxene compositions range from Fs; to Fs,,, with a mean
of Fs, . The % mean deviation of FeO in olivine is much lower
than that for olivine in the ALHA77011 group, suggesting that
this meteorite is more equilibrated and hence different from
the 77011 group.

ALHA78133 (59.9 g).-—Thin section examination shows
that this stone is largely made up of chondrules and chondrule
fragments set in a minor amount of dark matrix. Nickel-iron
and troilite are present in subequal amounts, dispersed through
the matrix as small grains and sometimes forming rims on the
chondrules. A moderate amount of weathering is indicated by
brown limonitic staining throughout the matrix. Chondrules
range in diameter from 0.3 to 1.5 mm; types seen include
porphyritic olivine and olivine-pyroxene, granular olivine and
olivine-pyroxene, devitrified glass, and radiating pyroxene.
Microprobe analyses show olivine ranging in composition from
Fa, to Fa,, with a mean of Fa,; (% mean deviation of FeO is
52); pyroxene ranges in composition from Fs, to Fs,, with a
mean of Fsy (% mean deviation of FeO is 69). In mineral
composition this meteorite is similar to those in the ALHA
77011 group, but E.R.D. Scott (personal communication) states
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FIGURE 6-6.—L3 chondrites.

that it appears to lack the graphite-magnetite intergrowths
characteristic of that group. .
ALHS83010 (395 g).—A black iridescent fusion crust i
present on one side of this meteorite fragment (10.5 x 8 x 2
cm). The other surfaces are dark greenish gray with iridescent
reddish brown areas. Numerous chondrules (1-4 mm in
diameter) and large clasts (the largest is 1.0 X 0.5 cm) are
visible on the exposed interior surfaces. The stone is extremely
coherent. The interior consists of dark matrix with numerous
millimeter-sized, gray to yellowish colored chondrules. Nickel-
iron is clearly visible. The thin section shows sharply defined
chondrules up to 2.5 mm in diameter, many of which contain
clear brown isotropic glass. Pyroxene is mostly monoclinic and
has a composition range of Fs, ,,. Olivine compositions are in
the range Fa, 5,. Metal (two phases present) is subequal with
troilite in abundance. There are well-defined sulfide rims
around many chondrules. Chromite is accessory and is
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FIGURE 6-7.—Photomicrographs of thin section of L3 chondrites (each field of view is 3 X 2 mm): a,
ALHA78046; b, ALHAT78133; ¢, EET82601; d, EET83213. A closely packed aggregate of chondrules, irregular

fragments, and mineral grains set in dark matrix.

generally very fine-grained.

EET82601 (149 g).—This angular to subrounded specimen
is covered with patchy remnants of fusion crust. Chondrules
1-4 mm in diameter are visible on the surfaces where fusion
crust is missing. The interior is very dark with weathered,
millimeter-sized chondrules visible. The thin section shows a
close-packed aggregate of chondrules, ranging up to 1.5 mm
in maximum dimension. A variety of types is present, the
most common being granular olivine and olivine-pyroxene,
porphyritic olivine and olivine-pyroxene, and cryptocrystalline
pyroxene. The small amount of matrix is fine-grained and
opaque, and contains a few grains of nickel-iron and troilite.
The meteorite is considerably weathered, with brown limonitic
staining throughout the section. Olivine and pyroxene show

the following wide ranges of compositions: olivine, Fa, to
Fa,,, with a mean of Fa,, (% mean deviation of FeO is 36);
pyroxene, Fs, to Fs,, with a mean of Fs ; (% mean deviation
of FeO is 45).

EET83213 (2727 g).—A dull, fractured fusion crust covers
most of this stone (16 X 15 x 7 c¢m); evaporite deposits are
present on several surfaces. The interior is greenish gray with
numerous white, cream, and darker gray inclusions or
chondrules. Some metal is present. The thin section shows
sharply defined chondrules up to 3 mm in diameter set in a
brown matrix. Isotropic clear brown glass is preserved in some
chondrules. Moderate limonitic staining is locally present,
indicating mild to moderate weathering. Monoclinic pyroxene
is very common, with a composition range of Fs, ,,. Olivine
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ranges in composition from Fa,, to Fa,,. Minor metal and
troilite are present in subequal amounts; two metal phases are
present, locally in plessitic intergrowths.

This meteorite is very similar in texture and mineral
compositions to EET82601, and the possibility of pairing
should be considered.

CLASSLL3
FIGURE 6-8

TIL82408 (80.1 g).—A polygonally fractured, black fusion
crust coats much of this stone (4.5 X4 x 2.5 cm). Areas without
fusion crust are somewhat friable. The meteorite is clast-rich,
with a very dark gray to black matrix. Oxidation is evenly
distributed throughout the interior. The thin section shows a
close-packed aggregate of chondrules and chondrule frag-
ments, up to 4 mm across. The matrix is black and opaque,
much of it forming rims to the chondrules; the matrix contains
much sulfide and a little nickel-iron (largely weathered to
limonite). A wide variety of chondrule types is present,
including porphyritic olivine and olivine-pyroxene, granular
olivine and olivine-pyroxene, barred olivine, and fine-grained
pyroxene. Some of the chondrules preserve clear, isotropic,
interstitial glass. Microprobe analyses show the following wide
ranges of compositions for olivine and pyroxene: olivine,
Fa, 54, with a mean of Fa,5 (% mean deviation of FeO is 41);
pyroxene, Fs,,,, with a mean of Fsy. The highly variable
compositions of olivine and pyroxene and the presence of
isotropic glass indicate type 3, and the small amount of
nickel-iron suggests the LL group; the meteorite is thus
tentatively classified as an LL3 chondrite.

Wieler et al. (1985) have reported abundances and isotopic
compositions of He, Ne, and Ar in TIL82408.
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CLass C4
FIGURES 6-9, 6-10

ALH82135 (12.1 g)—Black fusion crust covers most of
this triangular-shaped stone (3 x 2.5 x 1 cm). Freshly broken
surfaces expose a dark bluish gray matrix with signs of some
oxidation. In thin section the meteorite consists largely of
finely granular olivine (grains ranging up to 0.1 mm), minor
pyroxene, plagioclase, and opaques. A few relatively coarse-
grained olivine chondrules are present. Microprobe analyses
give the following compositions: olivine, Fa,, (a few grains
are more iron-rich); pyroxene, Fs,s; plagioclase, Any, 5. This
meteorite is similiar to Karoonda and PCA82500 in texture and
mineral compositions.

Wieler et al. (1985) have reported abundances and isotopic
compositions of He, Ne, and Ar in ALH82135. Scott (1985)
has discussed its petrology.

PCA82500 (90.9 g).—This specimen (7 X 5 x 2.8 cm) has
a very unusual external appearance. It is extremely fragmented
and has numerous rounded cavities, some of which extend
through the thickness of the specimen to give it a “swiss
cheese” appearance. The cavities were filled with ice and snow
when the meteorite was found. Several patches of fusion crust
are present. The exterior surfaces vary in color from dark gray
to lighter gray and yellowish gray, the lighter colors being
characteristic of the less weathered areas. Inclusions (chon-
drules?) are exposed on those portions of the exterior surface
that lack fusion crust. White evaporite deposits and yellow-
colored weathering residues are abundant on interior surfaces;
the white material is an unusual nickel-rich magnesium sulfate
(J. Gooding, personal communication, 1986). In spite of the

" weathering and evaporite deposits, the interior surfaces reveal

a fine-grained matrix with minute metal flecks and a few

FIGURE 6-8.—Photomicrograph of thin section of LL3 chondrite TIL82408
(field of view is 3 x 2 mm). Chondrules, chondrule fragments, irregular
fragments, and mineral grains are set in a dark matrix.

FIGURE 6-9.—C4 chondrite PCA82500.
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FIGURE 6-10.—Photomicrographs of thin section of C4 chondrites (each field of view is 3 X 2 mm): a,
ALHS82135; b, PCA82500. In ALH82135, sparse chondrules are set in a matrix consisting largely of fine-grained
olivine. In PCA82500, the lower left area shows a segment of a large (3.6 mm diameter) chondrule.

yellowish dots of oxidation. The thin section contains a single
porphyritic olivine chondrule, diameter 3.6 mm, in an
aggregate of turbid anhedral olivine grains averaging 0.1 mm.
Small amounts of troilite and nickel-iron are present, the metal
being largely weathered to brown limonite. Microprobe
analyses show a uniform olivine composition of Fa,;, and
variable plagioclase in the range An,, to An,,. No pyroxene
was found. This meteorite was classified in the Antarctic
Meteorite Newsletter, 6(2), as an LL6 chondrite, but has since
been recognized as a C4 chondrite that is very similar to
Karoonda (Scott, 1985).

Wieler et al. (1985) have reported abundances and isotopic
compositions of He, Ne, and Ar in PCA 82500. Scott (1985)
concludes that Karoonda, PCA 82500, Yamato 6903, and
Mulga (West) are very similar and may have come from the
same body.

CLASS E4

FIGURE 6-11

ALHAS81189 (2.6 g).—No fusion crust remains on this
fractured reddish brown stone (2 x 1.5 X 0.5 cm). The thin
section shows an aggregate of chondrules, chondrule frag-
ments, and mineral grains set in an opaque matrix. The
chondrules range up to 0.9 mm in diameter; most of them
consist of granular pyroxene (sometimes with a little olivine),
but a few are made up of nickel-iron and troilite. The matrix
consists largely of nickel-iron and troilite, with a considerable
amount of secondary limonite. Microprobe analyses show that
the pyroxene is close to MgSiO; in composition (FeO
0.5%—-4.5%, with a mean of 1.9%; Al,0, 0.02%-2.4%, mean
0.7%; Ca0O 0.1%-0.7%, mean 0.3%; TiO, 0%-0.13%, mean
0.08%; MnO 0.07%-0.22%, mean 0.15%). Most of the olivine
grains are close to Mg,SiO, in composition (FeO 0.7%-6.4%).

One grain of a silica polymorph was analyzed. The metal
contains approximately 2.5% Si. Because some of the pyroxene
is polysynthetically twinned clinoenstatite, the meteorite is
tentatively classified as an E4 chondrite.

ALH82132 (5.9 g).—No fusion crust remains on this
iridescent, reddish brown, highly oxidized stone (2 x 2 x 1
cm). A thin coating of evaporite deposits are present on some
of the extensively weathered interior surfaces. Thin section
examination shows that chondrules are relatively abundant but
small, ranging up to 0.6 mm in diameter. Most of them consist
of pyroxene, but some are made up almost entirely of
nickel-iron and troilite. The matrix consists largely of granular
pyroxene, with lesser amounts of nickel-iron and sulfides, a
little plagioclase and a silica polymorph. The meteorite is
considerably weathered, with brown limonitic staining through-
out the section. Microprobe analyses show that the pyroxene
is almost pure MgSiO, (FeO 0.06%-0.7%, mean 0.3%; Al,O,
0-0.3%, mean 0.04%; CaO 0.02%-0.6%, mean 0.16%; TiO,
and MnO each less than 0.05%). Plagioclase is almost pure
albite (CaO 0.2%, K,O 0.11%). The meteorite is an enstatite
chondrite and, since some of the pyroxene is polysynthetically
twinned clinoenstatite, it is classified as an E4 chondrite.

E.R.D. Scott (personal communication) has examined the
thin sections of the E4 chondrites from the Allan Hills, and
comments that 81189 and 82132 are definitely not paired,
82132 appearing more equilibrated than 81189; 81189 does
resemble 77156 and 77295, and may tentatively be paired with
them.

PCA82518 (21.9 g).—The fusion crust coating this stone
(3 x 2.5 x 2 cm) is shiny, iridescent, and ranges in color from
orange-red to brown to black. The exterior is dotted with
numerous vugs that are lined with fusion crust. Exposed
interior surfaces reveal a dark brown matrix with abundant
chondrules (as large as 3 mm in diameter) and metal. Thin
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FIGURE 6-11.—Photomicrographs of thin sections of E4 chondrites (each field
of view is 3 X 2 mm): a, ALHA81189; b, ALH82132; ¢, PCA82518. All three
sections show chondrules, chondrule fragments, and mineral grains (mainly

clinoenstatite) in an opaque matrix consisting largely of nichel-iron and troilite.

section examination shows that the chondrules are abundant
but generally small, ranging from 0.3 to 0.9 mm in diameter;
they consist of granular or fine-grained pyroxene. The matrix
consists largely of granular pyroxene, with lesser amounts of
nickel-iron and sulfides, and a little plagioclase. The meteorite
is considerably weathered, with brown limonitic staining
throughout the section. Microprobe analyses show that the
pyroxene is almost pure MgSiO; (FeO 0.2%-0.8%, mean
0.5%; Al0; 0.07%-0.7%, mean 0.5%; CaO 0.04%-0.7%,
mean 0.2%; TiO, and MnO each less than 0.1%). Plagioclase
is almost pure albite (K,0 0.6%, CaO less than 0.1%). One
grain of forsteritic olivine was analyzed. The meteorite is an
enstatite chondrite and, since part of the pyroxene is
polysynthetically twinned clinoenstatite, it is classified as E4.

CLAss H4
FIGURES 6-12, 6-13

ALHA78051 (119 g).—In thin section this stone is seen o

consist of numerous chondrules, up to 1.5 mm in diameter, set
in finely granular matrix of olivine, pyroxene, nickel-iron, and
troilite. Moderate weathering is indicated by brown limonitic
staining concentrated around metal grains. Well-preserved
fusion crust borders one edge of the section. Microprobe
analyses show olivine to be uniformly Fa, ; in composition; the
pyroxene composition is somewhat variable, Fs,s 5.

ALHS82126 (139 g).—This stone (7 X 4 X 2.5 ¢m) was
completely covered with dull brown fusion crust. Chipping
revealed some inclusions in the heavily weathered interior. The
thin section shows numerous chondrules, up to 2 mm in
diameter, in a granular groundmass of olivine and pyroxene,
with minor nickel-iron and lesser amounts of troilite. Brown
limonitic staining pervades the section. Remnants of fusion
crust are present on on¢ edge. Microprobe analyses give the
following compositions: olivine, Fag; pyroxene is somewhat
variable, Fs,, ;5.

EET82602 (1824 g).— An extremely thin, black fusion crust
completely covers the regmaglypted surface of this meteorite
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(10 x 14 x 8 cm). The stone broke along a pre-existing fracture,
exposing both weathered and unweathered material. The
material exposed is orange-brown with abundant visible metal
(this may not be representative of the entire specimen).
Chondritic structure is well developed in thin section, with
chondrules ranging up to 1.5 mm in diameter. A variety of
chondrule types is present, including porphyritic and barred
olivine (with turbid, devitrified glass between the olivine
crystals), granular olivine, olivine-pyroxene, and fine-grained
pyroxene. Some of the pyroxene is polysynthetically twinned
clinobronzite. The chondrules are set in a fine-grained granular
groundmass of olivine and pyroxene, with minor amounts of
nickel-iron and troilite. Brown limonitic staining pervades the
section, and veinlets of red-brown limonite are present.
Microprobe analyses give the following compositions: olivine,
Fa,,; pyroxene, Fs,¢.

EET82609 (325 g).—This stone (7.5 X 5 X 3.5 cm) is angular
with rounded corners. Brownish black fusion crust or remnant
fusion crust covers the entire specimen. The interior has a dark
matrix with reddish brown oxidation disseminated throughout.
The thin section shows a close-packed aggregate of small
chondrules, ranging up to 0.6 mm in diameter, set in a granular
groundmass consisting largely of olivine and pyroxene, with
minor amounts of nickel-iron and troilite. Some of the
pyroxene is polysynthetically twinned clinobronzite. Brown
limonitic staining pervades the section. Microprobe analyses
give the following compositions: olivine, Fa,g; pyroxene Fs,;
(the pyroxene is somewhat variable in composition).

EET83207 (1238 g).—A black to reddish brown fusion crust
covers this oblong meteorite (15 X 7.5 X 6 cm ). Several deep
fractures penetrate the interior, one splitting the stone almost
in half. The interior is mostly dark reddish brown, although
small areas of less-weathered yellowish matrix are still present.
The thin section shows well-defined chondrules up to 2 mm
in diameter. Microcrystalline structure is preserved in some
chondrules , but glass is devitrified. Olivine is uniformly Fa, 4
in composition. Monoclinic pyroxene (Fs¢ ;) is common.
Two metal phases are present, and tetrataenite (Ni 55%) is also
present locally. Troilite is subordinate to metal in abundance.
Chromite is accessory. This meteorite was originally classified
as H4-5 in the Antarctic Meteorite Newsletter, 8(1).

EET83211 (542 g).—A weathered, polygonally fractured
fusion crust covers 75% of this meteorite fragment (10 x 7 3.5
cm). The surface is iridescent in places, and a minor amount
of evaporite deposit is present. The interior of the stone is also
very fractured; broken surfaces are reddish brown and quite
smooth. The interior is extremely weathered, but some metal
is nonetheless visible. The thin section shows sharply defined
chondrules up to approximately 0.6 mm in diameter in a
microcrystalline groundmass. Metal is abundant and exceeds
troilite in amount. Intense limonitic staining, together with
hematite veins, indicate heavy weathering. The olivine
composition is relatively uniform, Fa;g,, Pyroxene is
commonly monoclinic, with a narrow composition range of
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CET 22209 C

FIGURE 6-12.—H4 chondrites.

Fs,6.00- Some very fine-grained plagioclase (An, ,Ors) was
found.

PCA82511 (149 g).—Flow marks are apparent in the
iridescent brown to black fusion crust on the top surface (as
oriented on the ice) of this stone (5.5 X 6 X 3.5 cm). The bottom
surface shows several fractures and the fusion crust is
extensively weathered, having an orange tinge. The interior
that was exposed by chipping may not be representative of the
entire stone; it is heavily weathered with only small areas of
unweathered light gray material. In thin section, chondrules are
abundant and well-developed. A variety of types is present, the
commonest being porphyritic olivine, porphyritic olivine-
pyroxene, and radiating pyroxene. Much of the pyroxene is
polysynthetically-twinned clinobronzite. The matrix consists
of fine-grained olivine and pyroxene, with minor amounts of
nickel-iron and troilite; it is heavily stained with limonite.
Well-preserved fusion crust is present along one edge of the
section. Microprobe analyses give the following compositions:
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FIGURE 6-13.—Photomicrographs of thin sections of H4 chondrites (each field of view is 3 x 2 mm): g,
PCAB82524; b, PCA82511. Although both contain numerous well-defined chondrules, some chondrule margins
tend to merge with the granular matrix.

olivine, Fa,;; pyroxene, Fs,s.

PCA82524 (113 g).—A black fusion crust covers most of
this cuboidal stone (5 X 4 x 3.5 mm). Chipping exposed a
continuous weathering rind, light gray matrix and numerous
small light and dark inclusions. In thin section chondrules are
abundant and well-developed, ranging up to 1.2 mm in
diameter; a variety of types is present, including barred olivine,
granular and porphyritic olivine-pyroxene, and fine-grained
pyroxene. Some of the pyroxene is polysynthetically twinned
clinobronzite. The groundmass consists largely of fine-grained
olivine and pyroxene, with minor amounts of nickel-iron and
troilite. A minor degree of weathering is indicated by brown
limonitic staining around metal grains. Microprobe analyses
give the following compositions: olivine, Fa,q; pyroxene, Fs .

CLASS L4
FIGURES 6-14, 6-15

ALHS83001 (1568 g).—Shallow regmaglypts are present on
this fusion-crusted stone (17.5 X 9 X 6.5 c¢cm). Most of the
interior that has been exposed by chipping is weathered, but it
may not be representative of the entire stone. The less
weathered material is medium gray and contains chondrules.
The thin section shows sharply defined chondrules up to 2.5
mm in diameter, in which original brown glass is now turbid
and birefringent. Metal (mostly one-phase) and troilite are
subequal in amount. Light to moderate limonitic staining
indicates mild weathering. Olivine composition is somewhat
variable, Fa,, ,.. Monoclinic pyroxene is abundant, and has a
composition range of Fs, 4,.

PCAS82514 (129 g).—A dull black fusion crust is present
on one surface of this stone (6 X 3 X 3 cm), the other surfaces

having weathered to reddish brown. The interior is medium
gray and shows dark and light inclusions. A partial weathering
rind was exposed when the stone was chipped. In thin section
chondrules are abundant and well-developed, ranging up to 2
mm in diameter; a variety of types is present, including
porphyritic olivine, porphyritic olivine-pyroxene, barred oli-
vine, and fine-grained olivine and pyroxene. Much of the
pyroxene is polysynthetically-twinned clinobronzite. The
matrix consists of fine-grained olivine and pyroxene, with
coarser grains of nickel-iron and troilite. Brown limonitic
staining surrounds the metal grains. Microprobe analyses give
the following compositions: olivine, Fa,,; pyroxene somewhat
variable, Fs,; ,,, mean Fs .

The following four specimens are L4 chondrites from the
Thiel Mountains that are possibly paired. All are very similar
in their textures, mineral compositions, and degree of
weathering. The thin sections all show a close-packed
aggregate of chondrules, up to 3 mm in diameter, in a minor
amount of granular groundmass that consists of olivine,
pyroxene and minor amounts of nickel-iron and troilite. Brown
limonitic staining pervades the sections. Microprobe analyses
give the following compositions: olivine Fa,, ,,; pyroxene is
somewhat variable, with a mean of Fs, ;.

TIL82404 (321 g).—This stone (7 x 7.5 X 3 c¢m) is partly
covered with brownish black fusion crust; many inclusions are
visible in areas devoid of crust. Chipping has exposed a dark
gray matrix that is inclusion- and metal-rich, with evenly
distributed oxidation.

TIL82406 (152 g).—This stone (5.5 x 5.0 x 3.5 cm) is
angular with subrounded edges, and most of it is covered with
dull black fusion crust. The dark gray interior shows numerous
inclusions, and oxidation is evenly scattered throughout.
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FIGURE 6-14.—L4 chondrites.
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TIL82407 (220 g).—This is an angular oblong stone (9.5 X
4.5 x 3 cm) with three flat sides, completely covered with
brownish black fusion crust. Abundant oxidation haloes are
obvious on the surface. Most of the interior has weathered to
a deep reddish brown, but fresh material is dark gray.

TIL82411 (179 g).—This meteorite (6.5 X 4.5 X 3 c¢m) is
covered with slightly weathered fusion crust. No fractures are
present. The interior is dark and slightly weathered, and
contains abundant chondrules 1-2 mm in diameter.

TYRS82700 (892 g).—Black to brown fusion crust covers
60% of this stone (10 x 8.5 x 7 cm). Other surfaces are brown
with light inclusions. A white evaporite deposit dots the
surface. The interior is extensively oxidized. The thin section
shows a close-packed aggregate of chondrules and chondrule
fragments, set in a minor amount of granular matrix. A variety
of chondrule types is present, including granular olivine,
porphyritic olivine, porphyritic olivine-pyroxene, barred oli-
vine, and radiating fibrous pyroxene. Much of the pyroxene is
polysynthetically twinned clinobronzite. Minor amounts of
nickel-iron and troilite are present, interstitial to the chondrules.
Minor weathering is indicated by brown limonitic staining
around metal grains. Microprobe analyses give the following
compositions: olivine, Fa,,; pyroxene somewhat variable,
Fs,5 53, mean Fs q.

CLASS HS

FIGURES 6-16, 6-17

ALHAS81161 (122 g).—This stone (6.5 x 4 X 2.8 cm) has
thin fusion crust on one side. It is extremely fractured and
brown to iridescent brown. Chipping exposed a totally
weathered interior.

ALHAS81183 (104 g).—Dull fusion crust covers most of this
stone (6 X 3.5 x 3 c¢m); areas without fusion crust have an
iridescent red-brown color. Several fractures penetrate the
interior, which has a deep reddish brown color.

ALHA81295 (105 g).—Some very thin fusion crust is
preserved on one surface of this meteorite (7 X 4.5 X 2 cm).
The surface color is iridescent reddish brown. Many fractures
penetrate the interior, which is extensively weathered.

ALH82102 (48 g).—This stone was found weathering out
of the ice in the Far Western Icefield. It was collected in situ
inside of a large block of encasing ice (see Frontispiece). The
ice block was sent to an ice coring lab in New Hampshire and
determined to be original (not refrozen) ice; see Chapter 10.
The dull black, polygonally fractured fusion crust of the
meteorite contains many centimeter-size oxidation haloes that
are orange-red. One fracture surface is reddish brown. The
interior of the meteorite is uniformly very weathered.

ALH82103 (2529 g).—A slightly weathered fusion crust
covers nearly all of this meteorite (14 x 11 X 9 cm).
Regmaglypts occur on several faces. Surfaces without fusion
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FIGURE 6-15.—Photomicrographs of thin sections of L4 chondrites (each field of view is 3 x 2 mm): a, TIL82406;
b, PCA82514. Chondritic structure is prominent, but some chondrules show partial integration with the granular

matrix.

crust show a 1-2 mm thick weathering rind, but a few small
clasts are visible. The interior consists of gray matrix dotted
with oxidation.

ALHS82122 (142 g).—A thin fusion crust covers this
rectangular meteorite (4.5 X 4 X 2.5 cm). The interior is light
to dark gray with oxidation haloes around metal grains.

EET82603 (8210 g).—This large stone (18 X 19 x 14 cm)
is almost completely covered with a black, polygonally
fractured fusion crust. White evaporite deposits occur on four
of the six sides of the meteorite and are quite thick in some
places. As in the cases of other Antarctic meteorites having
evaporite deposits (see description for ALH83100), the
deposits on EET82603 formed while the sample was drying
in the gaseous nitrogen atmosphere of the storage cabinets in
Houston. Chipping of the meteorite revealed that a weathering
rind is also present. The interior matrix is gray with large areas
having a dark gray to deep reddish brown color. Extensive
weathering has occurred along internal cracks.

EET82604 (1570 g).—A thin black fusion crust coats most
of this blocky meteorite (11 x 11 X 8.5 cm). The stone broke
along a pre-existing fracture, exposing mostly weathered
material, though metal is still obvious, as is a small amount
of less-weathered material.

EET83200 (778 g).—This angular chondrite (10 X 8 x §
cm) is covered with weathered black fusion crust that is pitted
with oxidation. Flow lines are present on part of one surface.
The stone is broken, and the exposed surface is weathered to
a shiny dark brown. The interior is a dark reddish brown with
a small band of relatively unweathered material. This meteorite
was originally classified H4-5 in the Antarctic Meteorite
Newsletter, 8(1).

EET83203 (545 g).—No fusion crust remains on this smooth

reddish brown chondrite (6.5 X 7.5 X 6 cm). Several deep
parallel fractures penetrate the interior, which is reddish brown
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