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Abstract—MacAlpine Hills 88104 and 88105 (MAC88104/5) are paired meteorites of noritic anorthosite
composition from the lunar highlands. MAC88105 is a breccia composed mainly of melt-breccia clasts
in a fine-grained, fragmental, and partly glassy matrix. The most abundant melt lithologies are feldspathic
and are similar in composition to the bulk meteorite. Other melt lithologies include feldspathic melt
rocks, mafic melt breccias, and a rare melt breccia relatively enriched in incompatible trace elements.
Subordinate lithic clasts are granulitic breccias and ferroan (relatively low Mg/[Mg + Fe]) igneous lith-
ologies, including troctolitic anorthosite, anorthositic norite, gabbronorite, and anorthosite. Igneous clasts
having mafic mineral compositions more magnesian than Foss and Eng, were not observed. Rare fragments
of glass spheres and shards as well as glass clasts indicate that the meteorite was derived from an immature
regolith. The bulk composition of MAC88105 is characterized by a molar Mg/(Mg + Fe) ratio of 0.62,
at the extreme low end of the range for meteorites from the lunar highlands. Its low concentrations of
incompatible trace elements and feldspathic bulk composition (29% Al,O;), suggest that it, like the other
lunar meteorites, formed at a site far removed from the areas sampled by the Apollo missions. Similarities
in mineral compositions among the different lithologies of the breccia (melt-breccia clasts, granulitic
breccias, igneous fragments) and the distribution of mineral fragments suggest that most components of
the meteorite were derived from a crustal section dominated by material with a noritic anorthosite com-
position and an affinity to the ferroan suite of plutonic rocks. The mafic melt breccias have roughly
peritectic melt compositions, similar to many “low-K Fra Mauro” melt breccias in the Apollo collection
but much more ferroan, and represent a source material distinct from the noritic anorthosite.

Moderate Ce anomalies, both positive and negative, occur in some separated clasts and to a lesser
extent in some small chips dominated by matrix, but not in powder prepared from 20 g of bulk meteorite.
These anomalies are almost certainly terrestrial weathering effects. One granulitic breccia clast is rich in
siderophile elements as a result of a large amount of Fe-Ni metal. The Au/Ir ratio of the clast (0.64, CI-
normalized) is distinctly different from that of metal-rich impact melts from Apollo 16 (~ 3, Cl-normalized).

The compositional range observed among the nonmare lunar meteorites ALHA81005, Y791197,
Y82192/3, Y86032, and MAC88104/5 is equivalent to that observed among representative samples of
<1 mm fines from Apollo 16. Thus, compositional data provide little constraint on the number of impacts
required to eject these meteorites from the Moon.
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INTRODUCTION

LUNAR METEORITES MAC88104 and MACS88105 were re-
covered on 13 January 1989 on a blue ice field near the
MacAlpine Hills, Victoria Land, Antarctica. They were found
Iess than 0.5 km apart and strongly resembled each other in
the field, although MACS88105 (662.5 g) is larger than
MACR88104 (61.2 g). The recovery site {approximately
84°25'S,159°W) is about 850 km south of the Allan Hills,
where the first recognized lunar meteorite was collected
(ALHAS81005) and about 2500 km from the Yamato Moun-
tains, where all the other known meteorites from the lunar
highlands have been found (Y791197, Y82192, Y82193, and
Y86032).

We have studied a number of samples from both meteorites
and report here the results of our petrographic and compo-
sitional characterization of the bulk meteorites and selected
clasts. .Because field relationships, macroscopic description
(SCORE et al., 1989), and the data presented here confirm
that MAC88104 and MACS88105 are paired, we designate

* This paper is part of a consortium study of the largest lunar
meteorite MAC88104/5.
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the meteorites collectively as MAC88104/5. We show that
MACB88104/5 exhibits some unique features compared to
other lunar material.

SAMPLES STUDIED

We received samples of the meteorites from the NASA Johnson
Space Center (JSC) as (1) bulk fragments (MAC88104,15 and
MACS88105,35), (2) a thin section of a 1.5 cm bulk rock chip
(MAC88105,80), (3) a fragment of a clast (MAC88105,51), and (4)
a thin section of that clast (MAC88105,97). We also analyzed subsplits
of MAC88105,41, a powder prepared from 20 g of the larger meteorite
by E. Jarosewich at the Smithsonian Institution. These data are sum-
marized in Table 1.

For chemical analysis by INAA (instrumental neutron activation
analysis), we used an agate mortar and pestle to break the bulk frag-
ments into smaller chips. During fragmentation of MAC88105,35,
we separated two matrix-free subsamples of a small (~2 mm) tan-
colored clast. We designated the clast C1 and the two subsamples
CIA and C1B. We also separated 13 chips of “matrix-rich” material
that we designated MO1 through M13. These ranged in mass from
about 4 to 11 mg. These samples consisted primarily of fine-grained
matrix, but all undoubtedly contained small clasts. Chips that ap-
peared to be dominated by clast material were avoided in these sub-
samples, but two of them, M09 and M 10, contained a small portion
of clast C1.
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Table 1. Sample allocation data.

split  parent  mass and description INAA subsamples
matrix clasts

MACS88105 35 11 1.044 g bulk fragments ~ MOI1-M13 Cl1A&CIB
MACS8105 80 22 TS of bulk
MACS8105 51 11 0.066 g clast W2 W2A-W2F
MACS88105 97 50 TS of clast W2
MACS88105 41 11 0.205 g powder P1-P4
MAC88104 15 0 0.240 g bulk fragments =~ M14-M17  C3-C6

Sample MACS88105,51 consisted entirely of a portion of a clast,
designated W2 in the JSC documentation, exposed during sawing of
the meteorite at JSC. In the documentation photo (NASA S89 47066),
clast W2 appears rectangular in shape, about 7 mm in longest di-
mension, and lighter gray than the matrix. It was friable and arrived
as numerous small chips and fines. After removing some adhering
matrix material, we obtained ten relatively large, clean chips. Five
of these, which we designated subsamples W2A through W2E, were
analyzed individually (1.2-4.7 mg); the remaining five were combined
as a single subsample designated W2F (18 mg). Sample MAC88105,97
is a thin section containing a different portion of clast W2.

Our allocation of fragments from the smaller meteorite,
MACB88104,15, contained several clasts from which we prepared four
samples free of matrix for INAA. Clast C3 was small and white. One
large fragment of MAC88104,15 contained some small clasts as well
as a 3-mm, light gray clast that broke into several pieces when the
fragment was shattered. Three clast subsamples were prepared from
the debris. These were designated C4, C5, and C6, although subse-
quent petrographic examination and results of our chemical analysis
(below) indicate that clast subsamples C4 and C5 are both fragments
of the light gray clast. Four “matrix-rich” chips from MAC88104,15
were also studied (M14-M17).

Four 50-mg subsplits of the powdered sample MAC88105,41 were
analyzed for trace elements in order to obtain the bulk composition
of the meteorite and to check for compositional uniformity of the
powder. Two other subsplits of MAC88105,41 were fused for major
element analysis by electron microprobe.

ANALYTICAL PROCEDURES

Procedures for INAA were similar to those described by KOROTEV
(1991), but with the following modifications. Fragmental samples
were irradiated for 120 h and the powdered samples were irradiated
for 48 h in a thermal neutron flux of 4.9 X 10> cm™s~". All samples
received three or four radioassays beginning 5-6 days following ir-
radiation. After INAA, thin sections were prepared of clast subsamples
C1 and C3 through C6.

Mineral, glass, and fine-grained matrix compositions were deter-
mined with a JEOL 733 EMP (electron microprobe), using mineral
and oxide standards, at an accelerating voltage of 15 keV. Feldspar
analyses were done at a beam current of 20 nA, mafic silicates at 30
nA, and matrix and glass analyses at 40 nA using a broad beam (30~
50 pm). Data were reduced according to the method of BENCE and
ALBEE (1968). Pure metal standards were used for metal analyses
and corrections were made with ZAF data reduction.

Two small subsamples of the MAC88105,41 powder were fused
for major-element analysis on a molybdenum strip heater following
the technique of BROWN (1977), except that the fusion was done
under vacuum. The beads were analyzed by EMP using a 10 um
beam, a 30 nA beam current at 15 keV accelerating voltage, and a
combination of mineral and glass standards.

RESULTS
Whole-Rock and Bulk Samples
Petrographic descriptions, clast types, and bulk
compositions

Our petrographic examination of thin sections MAC-
88105,80 and MAC88105,97 show that the meteorite is a

feldspathic, clast-rich breccia with a glassy-fragmental matrix.
Its general texture resembles those of feldspathic, glassy-ma-
trix breccias from Apollo 16, e.g., 60019 (RYDER and NOR-
MAN, 1980) and lunar meteorites ALHAS1005, Y791197,
and Y82192/3 (LINDSTROM et al., 1986; BISCHOFF et al.,
1987; TAKEDA et al., 1987). The matrix (as observed mac-
roscopically) consists of sub-rounded impact-melt breccias
or glassy melt breccias ranging from 0.1 to 6 mm in diameter
(Fig. 1). These breccias are generally clast-poor and have glassy
or very fine-grained devitrified matrices. As observed micro-
scopically, these and other lithic and mineral clasts (>30 um)
occur in a very fine-grained, fragmental, and partly glassy
matrix. In our large thin section, MAC88105,80, the glassy
melt breccias constitute about 46% of the section, the very
fine-grained matrix about 38%, and the mineral, glass, and
other lithic clasts 16% (Table 2). Fragments of glass and glass
beads are rare, but we observed no agglutinates. Several of
the glassy-melt breccias contain recognizable glass fragments,
a characteristic of regolith breccias. Clast-free glass veinlets,
similar in chemical composition to one reported by KOEBERL
et al. (1991), transect portions of the thin section. Other lithic
clasts include granulitic breccias and fragments of rocks with
relict igneous textures. This distribution of clast types is sim-

Table 2. Clast population (number and volume
percent) in thin section MAC88105,80 for
clasts larger than 30 um.

Component number %

Lithic Clasts
Vitric and recrystallized-
matrix melt breccias
Brown vitric matrix 109 43.2
Mafic, dark matrix 17 1.1
Intersertal/subophitic melt-
rocks/breccias
Feldspathic melt rocks 15 1.4
Mafic melt rocks/basalts 4 0.3
Granulitic breccias

Granoblastic 14 1.6
Poikiloblastic 6 2.0
Igneous fragments 22 2.5
Other 3 1.9
Mineral Fragments
Plagioclase 6.1
Mafic minerals 1.2
Glasses
Glass veins 0.8
Glass clasts 1.1
Matrix (<30 pum) undifferentiated 36.8

Modal analysis based on ~ 10000 points.






