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Abstract—We report here the petrography, mineralogy, and geochemistry of lunar meteorite Sayh al
Uhaymir 300 (SaU 300). SaU 300 is dominated by a fine-grained crystalline matrix surrounding
mineral fragments (plagioclase, pyroxene, olivine, and ilmenite) and lithic clasts (mainly feldspathic
to noritic). Mare basalt and KREEPy rocks are absent. Glass melt veins and impact melts are present,
indicating that the rock has been subjected to a second impact event. FeNi metal and troilite grains
were observed in the matrix. Major element concentrations of SaU 300 (Al,O3 21.6 wt% and FeO
8.16 wt%) are very similar to those of two basalt-bearing feldspathic regolith breccias: Calcalong
Creek and Yamato (Y-) 983885. However, the rare earth element (REE) abundances and pattern of
SaU 300 resemble the patterns of feldspathic highlands meteorites (e.g., Queen Alexandra Range
(QUE) 93069 and Dar al Gani (DaG) 400), and the average lunar highlands crust. It has a relatively
LREE-enriched (7 to 10 x CI) pattern with a positive Eu anomaly (~11 x CI). Values of Fe/Mn ratios
of olivine, pyroxene, and the bulk sample are essentially consistent with a lunar origin. SaU 300 also
contains high siderophile abundances with a chondritic Ni/Ir ratio. SaU 300 has experienced moderate
terrestrial weathering as its bulk Sr concentration is elevated compared to other lunar meteorites and
Apollo and Luna samples. Mineral chemistry and trace element abundances of SaU 300 fall within the
ranges of lunar feldspathic meteorites and FAN rocks. SaU 300 is a feldspathic impact-melt breccia
predominantly composed of feldspathic highlands rocks with a small amount of mafic component.
With a bulk Mg# of 0.67, it is the most mafic of the feldspathic meteorites and represents a lunar
surface composition distinct from any other known lunar meteorites. On the basis of its low Th
concentration (0.46 ppm) and its lack of KREEPy and mare basaltic components, the source region of
SaU 300 could have been within a highland terrain, a great distance from the Imbrium impact basin,
probably on the far side of the Moon.

INTRODUCTION

Since the discovery of the first three lunar meteorites in
Antarctica in 1979, more than 50 unpaired lunar meteorites
(total mass ~50 kg) have been recovered from hot and cold
deserts (Korotev 2005; Korotev et al. 2008). Lunar meteorites
are rocks ejected from the Moon by meteoroid impacts. The
source craters of lunar meteorites are likely distributed
randomly across the lunar surface. In comparison, Apollo and
Luna samples were collected from a restricted area (covering
only 5-8% of the lunar surface) on the near side of the Moon,
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within and around the geochemically anomalous Procellarum
KREEP Terrane (PKT) (Warren and Kallemeyn 1991; Jolliff
et al. 2000). Therefore, lunar meteorites provide an important
complementary source of data in understanding of the nature
of the lunar crust and its evolution history. Lunar meteorites
can be grouped into three types: 1) feldspathic breccias with
high Al,O; (25-30 wt%), low FeO (3—6 wt%), and low
incompatible trace element concentrations (e.g., Th <1 ppm);
2) mare basalts with high FeO (18-22 wt%), moderately low
Al,O; (8-10 wt%) and incompatible trace element
concentrations (Th 0.4-2.1 ppm); 3) “mingled” breccias
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Glass vein

Fig. 1. a) Overview of SaU 300 in the desert. b) Microscopic view
of SaU 300 in transmitted light. Various clasts and mineral fragments
are embedded in the dark glassy matrix.

containing both feldspathic and basaltic clasts with
compositions intermediate to the feldspathic and basaltic
meteorites (Korotev 2005). Only a few lunar meteorites (e.g.,
Sayh al Uhaymir 169) contain elevated concentrations of K,
REE, P, and other incompatible elements (typically referred to
as KREEP). In contrast, Apollo and Luna samples commonly
contain various amounts of KREEP-related rocks.

Sayh al Uhaymir (SaU) 300 was recovered from Oman in
2004. It is a single 152.6 g stone that has a rounded, flat shape
and a light green color (Fig. 1a). The lunar origin of SaU 300
is indicated by its mineralogy and petrology (Hsu et al. 2007;
Hudgins et al. 2007), and trace element geochemistry (Hsu
etal. 2006, 2007; Korotev et al. 2007). It comprises a
crystalline igneous matrix, dominated by feldspathic clasts
and mineral fragments (plagioclase, olivine, and pyroxene). In
this paper, we present a detailed mineralogical, petrological,
and geochemical study of lunar meteorite SaU 300.

EXPERIMENTAL METHODS
We characterized the mineralogy, textures, and

petrography of SaU 300 using optical and reflected light
microscopy (Nikon E400POL) and scanning electron
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microscopy (JEOL-845 and Hitachi S-3400N) on a polished
thin section. Mineral chemistry was analyzed with electron
microprobes (JEOL JXA-8800M at Nanjing University and
JEOL 8100 at China University of Geosciences).
Accelerating voltage was 15 keV with a focused beam current
of 20 nA for silicate and oxide minerals, and 20 keV and
20 nA were used for metal and sulfide. Both synthetic (NBS)
and natural mineral standards were used, and matrix
corrections were based on ZAF procedures (Armstrong
1982). The rare earth element (REE) and trace element
concentrations were measured in situ on individual grains of
olivine, pyroxenes, plagioclase, apatite, and impact-melt
glass with the Cameca-6f ion microprobe at Arizona State
University, using procedures described in Hsu et al. (2004).
An O~ primary ion beam of 1-4 nA was accelerated to
—12.5 KeV. Secondary ions, offset from a nominal +10 KeV
accelerating voltage by —100 eV, were collected in peak-
jumping mode with an electron multiplier. Total counting
time varied from ~30 min to ~2 h depending on the phase
analyzed. Silicon and calcium were used as the reference
elements for silicates and phosphates, respectively. NBS-610,
NBS-612, synthetic titanium-pyroxene glass, and Durango
apatite standards were measured periodically to account for
any variation of ionization efficiencies caused by minor
changes of operating conditions.

For instrumental neutron activation analysis (INAA),
two samples were irradiated in the FRG-1 reactor of GKSS in
Geesthacht and analyzed several times with HPGe-coaxial-
detector. The obtained spectra were evaluated using the peak-
fitting routine of Greim et al. (1976). One 0.030 g sample was
irradiated for 2 min with a flux of 2 x 103 n/cm?s and was
counted 15, 150, and 600 min after irradiation for periods of
7,40, and 180 min respectively, determining the elements Na,
Mg, Al, Cl, K, Ti, V, Mn, Ga, Sr, Sm, Eu, and Dy. The second
sample of 0.0305 g was irradiated for 3 days with a flux of
6.4 x 1013 n/cm?2s and was counted 6, 12, and 26 days after
irradiation with counting periods of 4, 6 and, 8 h, respectively,
determining the elements Na, K, Ca, Sc, Cr, Fe, Co, Ni, Zn,
As, Se, Br, Sr, Zr, Ru, Sb, Ba, La, Ce, Nd, Sm, Eu, Tb, Yb, Lu,
Hf, Ta, Ir, Au, Th, and U.

A sample of 0.0301 g was digested for ICP-MS and
TXRF at GKSS in Geesthacht by a mixture of concentrated
high purity HNO3 and HF (2:1) at 150 °C. The clear solution
was evaporated to dryness, and the residue was dissolved in
subboiled 6 M HCI. The resulting solution was measured by
TXRF (Atomika 8030C) and a H,O-diluted (1:10) solution by
ICP-MS (Agilent 7500 c) for 15 and 48 elements, respectively.

An additional sample of 0.0563 g was run by ICP-OES
and ICP-MS at the University of Bern. The digestion was
performed using mixtures of concentrated high purity acids of
HF, HNOj; and HCIO,. For complete dissolution, the samples
were heated by microwave excitation in Teflon pressure
bombs. The resulting solutions were measured with ICP-OES
and ICP-MS, respectively. Before the dissolution, the chunks
of sample material were cleaned by their submerging into 4%
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Fig. 2. Backscattered electron images of the matrix and representative lithic clasts in SaU 300. a) The matrix displays an igneous texture of
euhedral anorthite intergrown with pyroxene and olivine. b) C-1 (Clast-1) exhibits a sub-ophitic texture. It contains euhedral anorthite (an)
crystals and anhedral pyroxene (px) and olivine (ol) grains. Some silica (qtz) grains are present at the center of the clast. ¢) C-2 (Clast-2) shows
a granoblastic texture. Pigeonite (pgt) and diopside (di) grains exhibit rounded grain boundaries. d) C-3 (Clast-3) also displays a granoblastic
texture. Olivine grains are enclosed by anorthite grains. e) C-5 (Clast-5) consists mainly of anorthite grains with an apatite grain. f) C-6 (Clast-6)
consists mainly of pyroxene grains with minor olivine and anorthite. Both pyroxene and olivine exhibit compositional heterogeneity.

HNO; for 2 min followed by washing with Milli-Q water and
drying at 60 °C.

PETROGRAPHY AND MINERALOGY

SaU 300 is a polymict breccia predominantly
composed of a fine-grained crystalline matrix surrounding
abundant mineral fragments and a few lithic clasts
(Fig. 1b). The matrix exhibits an igneous texture consisting
of fine-grained (~20 um) plagioclase, pyroxene, and olivine
(Fig. 2a). Numerous mineral fragments (<100 um) of
plagioclase, pyroxenes, olivine, and ilmenite are set in the
matrix. FeNi metal and troilite grains (a few um to
400 wm) also occur in the matrix as individual grains. Both

feldspathic and mafic lithic clasts exhibit irregular or
rounded shapes and range in size from several hundred
microns to a few mm (Fig. 2). Modal abundances of some
lithic clasts were determined on their backscattered
electron images by image processing with a commercial
software. They are listed in Table 1.

Feldspathic Clasts

Most lithic clasts (C-1, C-2, C-3, C-5, C-9, and C-10)
are feldspathic, mainly consisting of plagioclase (75 to
99 vol%) with minor amounts of pyroxene (up to 23 vol%)
and olivine (up to 13 vol%). Their compositions range from
anorthositic to noritic anorthositic and anorthositic noritic.
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Fig. 2. Continued. Backscattered electron images of the matrix and representative lithic clasts in SaU 300. g) C-7 (Clast-7) shows an ophitic
texture. The olivine grain is embraced by pyroxene grains. h) C-8 (Clast-8) displays an ophitic texture. It contains euhedral anorthite grains
and anhedral pyroxene grains. i) C-9 (Clast-9) contains subhedral to euhedral anorthite grains and anhedral pyroxene grains. j) C-10 (Clast-
10) displays a subophitic texture. Small olivine grains are commonly included by pyroxene grains. k) Relict mineral grains of olivine,
pyroxenes, and chromite (chr) are visible in the melt vein. 1) Glassy impact melts are commonly devitrified and contain finely crystalline grains

of plagioclase and pyroxene.

These clasts exhibit either ophitic/sub-ophitic (Figs. 2b and 2j)
or granulitic textures (Figs. 2c, 2d, and 2i). Plagioclase
shows a small compositional range (Ang, 93) among these
clasts (Table 2). The variation is even smaller (<1%) within
the granulitic clasts C-3 and C-9 (Fig. 3). Olivine shows a
small intergrain compositional variation (Fog;_gs) Within
C-1, but is essentially homogeneous (Fog;_g,) within C-3
(Table 3 and Fig. 4). Pyroxene has a relatively low Ca content
and shows a considerable intergrain variation in composition
(see Table 4 and Fig. 5). C-2 also contains some high-Ca
pyroxene (Wos3y_49Enyg s4Fsi»_15) (Fig. 5). The Mg# (molar
Mg/[Mg + Fe]) of pyroxene ranges from 0.63 to 0.74.

C-5 is a rounded lithic clast about 0.4 X 0.6 mm in size
(Fig. 2e). It is predominantly composed of plagioclase grains.

Plagioclase grains (Ang;) are subhedral to euhedral and about
100 to 300 um in size. There is an elongated apatite grain (30 X
150 um) present in the clast. C-5 is distinctive from all other
lithic clasts in this meteorite. Its plagioclase is highly
anorthositic (Ang;), similar to Apollo ferroan anorthosite (FAN)
rocks, and it contains phosphate. FAN rocks generally do not
contain phosphate, but Apollo alkali anorthosites do. Alkali
anorthosites tend to be more sodic than FAN and were only
found at the Apollo 12 and 14 landing sites within the PKT.

Mafic Clasts

Mafic clasts (C-6, C-7, and C-8) are also present in SaU
300. They are mainly composed of pyroxene (52-58 vol%)
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Table 1. Modal abundance (vol%) of some clasts in SaU 300.
Clast-1 Clast-2 Clast-3 Clast-5 Clast-6 Clast-7 Clast-8 Clast-9 Clat-10
Olivine 3 12.7 16 5.5 0.5 0.2
Plagioclase 79 91 86.5 98.5 30.5 36.5 44.5 85 76.5
Pyroxene 16.5 9 52.5 58 55 15 233
Silica 0.5
Phosphate 1.5
Opaque minerals 1 0.8 1
Table 2. Representative electron microprobe analyses (wt%) of plagioclase in SaU 300.
Clast-1 Clast-2 Clast-5 Clast-6  Clast-7  Clast-8 Clast-9 Clast-10 Fragment
SiO, 43.38 43.83 43.74 43.56 44.66  46.23 44.81 44.12 4498 4458 43.60 4472 45.19 45.12
TiO, 0.03 0.03 0.03 0.03 0.04 0.02 0.04 0.03 bd 0.33  0.02 0.07 0.02 0.06
Al,O; 36.00 35.55 36.79 36.42 35.85  33.10 35.23 35.51 3591 3287 3491 3441 3471 3541
MgO 0.08 0.06 0.10 0.36 0.26 0.20 0.06 0.09 0.08 1.33  0.09 0.19 0.19 0.11
FeO 0.27 049 0.08 0.28 1.09 0.64 0.37 0.44 0.41 1.38  0.36 033 038 0.27
CaO 19.26 19.25 18.98 19.29 17.92 18.07 18.11 19.09 19.34 18.08 1940 18.86 18.90 18.58
Na,0O 049 032 0.46 0.28 0.39 0.29 0.56 0.29 0.23 049 034 0.39 035 036
K,0 0.03  0.02 0.02 0.02 bd bd 0.10 0.05 0.04 0.06 0.04 bd bd 0.05
Total 99.54 99.55 100.2 100.3 100.2 98.58 99.30 99.62 101.0 98.63 9842 99.00 99.74 99.96
Ab 5 3 4 3 4 3 5 3 2 5 3 4 3 3
An 95 97 96 97 96 97 94 97 98 95 97 96 97 96
Or <1 <1 <1 <1 bd bd 1 <1 <1 <1 <1 bd bd <1

bd: below detection limit.
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Fig. 3. Variation in An content for plagioclase in lithic clasts and
fragments in SaU 300.

and plagioclase (30-45 vol%) with minor olivine (0.5—
16 vol%) (Table 1). Their compositions range from noritic to
olivine noritic. They exhibit ophitic or sub-ophitic textures
(Fig. 2b and 2g). Pyroxene grains are anhedral to euhedral and
vary in size from 10 to 100 um. They are mostly low-Ca
pyroxene (Table 4 and Fig. 5). The Mg# of pyroxene ranges
from 0.52 to 0.77. Plagioclase grains are homogeneous in C-7
(Ang;) and C-8 (Ang;_gsq) but show a small compositional
variation (Angs ¢7) in C-6 (Fig. 3). Olivine is relatively

homogeneous (Fosg ¢) within a given clast but shows a small
compositional variation among different clasts (Fo from 58
to 73).

Mineral Fragments

Mineral fragments embedded in the matrix of SaU 300
include plagioclase, olivine, and pyroxene. Plagioclase
fragments range in size from a few microns to several hundred
microns and are anhedral to subhedral in shape. Plagioclase
displays a small intergrain compositional variation (Angs ¢7)
(Fig. 3). Olivine fragments vary in size from a few microns to
several hundred microns and are anhedral in shape. Olivine
exhibits a wide compositional range (Foy3_¢1). Most grains are
in the range of Fogy 75 (Fig. 4). The molar Fe/Mn ratio of
olivine grains varies from 69 to 118, with an average of 90. One
olivine fragment displays chemical zoning from Fogg at the
core to Fo,; at the rim. Pyroxene fragments vary in size from a
few microns to several hundred microns and are anhedral to
euhedral in shape. Both low-Ca and high-Ca pyroxene
fragments were observed. Low-Ca pyroxene fragments have a
compositional range of Woy_;3Enys 76Fs,1_39, whereas high-
Ca pyroxene fragments have a range of Woyy 40Enss.
46F's17_37. The Mg#s of low-Ca and high-Ca pyroxenes vary
between 0.52 and 0.79 and between 047 and 0.71,
respectively. The molar Fe/Mn ratio of pyroxene fragments
varies from 41 to 70, with an average of 51. In one analyzed
grain containing lamellae (um-sized), the pyroxene host had a
composition of Wo,EnsgFs;; and the lamellae were rich in Ca
(Wo34EnygFsyg). llmenite fragments are commonly subhedral
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Fig. 4. Variation in Fo content for olivine in lithic clasts and
fragments in SaU 300.

Hd

Fs

Fig. 5. Compositions of pyroxene in different lithic clasts and
fragments of SaU 300. Symbols are the same as in Fig. 3 and Fig. 4.

to euhedral in shape and vary from 20 to 60 um in size. They
contain high MgO contents (6.99-7.27 wt%) (Table5).
Chromite fragments are more abundant than ilmenite
fragments. Chromite grains are usually euhedral in shape and
vary in size from 20 to 60 um. Chemically, chromite fragments
always contain various amounts of spinel (18 to 47 %) and
ulvospinel (3 to 25 %) (Table 5). A few metal grains with
irregular shapes occur in the thin section. They range in size
from several microns up to 400 um. Electron microprobe
analyses show that most metal grains are FeNi alloys (Ni 5.24—
16.04 wt%) and a few grains are composed of only Fe (Table 6).
One large FeNi alloy shows two sets of exsolution lamellae.
The lighter lamellae contain a higher Ni content (16.04 wt%)
than the host (6.24 wt%). Troilite grains are rare. They usually
coexist with FeNi alloy. They vary in size from several microns
to about 60 wm.

Mafic minerals in rocks from the Earth, Moon, Mars, and
asteroids have distinct Fe to Mn ratios (Papike 1998). The Fe/
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Mn ratio can be used to identify parent bodies for meteorites.
Our mineral chemistry data support a lunar origin for SaU 300.
Fig. 6 shows Fe/Mn ratios of olivines and pyroxenes in SaU
300. Olivine data generally plot along the lunar trend (Fig. 6a),
but pyroxenes appear to have Mn slightly elevated above the
lunar trend (Fig. 6b). Similar elevated Mn concentrations
above the lunar trend (Fe/Mn ratios of 50 to 52) was also
observed in pyroxene in lunar highlands meteorites Dhofar
(Dho) 025 and Dho 081 (Cahill et al. 2004). Cahill et al. (2004)
suggested that the observed variations in pyroxene are due to
the difference in lithologies studied among various works
(Papike 1998). It is also possible that the full suite of lunar
rocks is more variable than the subset plotted by Papike (1998).

Melt Glass

Several glass veins cut across the section (Fig. 1b and
Fig. 2k). Glassy impact melt is also present (Fig. 21). Glassy
impact melts are commonly devitrified and contain finely
crystalline plagioclase and pyroxene grains. The largest glass
vein is about 250 um wide and 1 mm long. Veins commonly
contain relict grains of plagioclase, olivine, pyroxene,
chromite, and partially digested lithic fragments (Fig. 2k). A
defocused electron beam (~20 wm) was used to determine the
chemical compositions of glass in inclusion-free areas. The
results are listed in Table 7, together with their CIPW
normative compositions. Compositions vary within a vein
and between different veins (Al,03 22.2-27.8 wt%, MgO
5.2— 7.8 wt%, and FeO 5.3-8.1 wt%). Mg# of glasses ranges
between 0.59 and 0.66. All glasses are Ca-rich but alkali-poor.
CaO content ranges from 13.9 to 15.7 wt%. Na,O content
ranges from 0.16 to 0.40 wt% and K,O content is very low
(0.03 to 0.08 wt%), close to the detection limit. Molar Ca/(Ca +
Na + K) ratios of glasses are ~0.96. The bulk glass
composition in terms of its molar Ca/(Ca + Na + K) and Mg#
suggests an affinity to the noritic anorthosite. Based on
CIPW norm calculations, glasses were determined to be
plagioclase-rich, with 60 to 75% normative anorthite. Most
analyses are also olivine normative. The average Fe/Mn
ratio for glasses is 75, close to the bulk ratio of 71 (see bulk
composition section).

Affinities to FAN and HMS Suite Rocks

On an Mg# versus An content plot, plagioclase and
coexisting mafic minerals (in lithic clasts) generally fall
within the distinct FAN and high magnesium suite (HMS)
regions (Warren 1985). Clasts 1, 2, 3, 9, and 10 are highly
feldspathic with more than 75 vol% of plagioclase. Clasts 1,
9, and 10 fall within the FAN region on the plot, whereas
Clasts 2 and 3 plot close to the HMS area with higher Mg#
(~0.80) than typical Apollo FAN rocks (Fig. 7). Rocks that
plot within the FAN-HMS gap were classified as “lunar
granulites” in previous investigations (e.g., Bickel and
Warner 1978; Norman 1981; Lindstrom and Lindstrom
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Table 5. Representative electron microprobe analyses (wt%) of oxide minerals and apatite in SaU 300.

Clast-3 Clast-6 Fragment Clast-5
SiO, bd 0.37 0.30 bd bd 0.49
TiO, 1.35 1.97 2.88 9.6 1.1 56.66 54.37 0.02
AlO3 39.15 30.95 13.51 8.9 21.5 0.04 bd 0.08
Cr,04 27.14 32.81 45.43 41.6 33.0 0.29 0.23
FeO 18.53 19.53 30.70 36.1 36.5 36.20 38.00 0.24
MnO 0.25 0.24 0.37 0.41 0.43
MgO 12.26 10.63 3.93 39 7.9 6.99 7.27 0.28
CaO 0.07 0.15 0.08 0.10 0.09 56.20
Na,O 0.04
P,0s 41.22
Total 98.75 96.66 97.20 100! 100! 100.7 100.4 98.58
Chr 31 40 64 57 50
Spl 66 55 28 18 47 Ilmenite Apatite
Usp 3 5 8 25 3

"Energy dispersive spectroscopic data with an accuracy of 0.5 wt%.

1986). Lithic clasts that have this intermediate composition
have previously been found in several lunar meteorites (e.g.,
Dhofar (Dho) 025, 081, 280, 301, 302, 303, 489, DaG 400)
(Semenova et al. 2000; Anand et al. 2002; Nazarov et al.
2002; Cahill et al. 2004; Takeda et al. 2006). These rocks may
simply be breccias containing a mixture of both FAN and
HMS rocks or represent pristine crustal lithologies (Cahill et
al. 2004). Clasts 6, 7, and 8 are mafic-rich, but still
anorthositic relative to the typical mafic magnesian rocks
from Apollo samples. Clasts 6 and 7 plot well below the HMS
region, and fall within the FAN area. Clast 8 is also Fe-rich
(Mg# 0.65-0.78) relative to HMS. Thus, Clasts 6—8 could
represent unique lithologies distinct from Apollo mafic
magnesian rocks.

The occurrence of mafic clasts in SaU 300 raises the
question of whether these mafic clasts derive from mare
basalts or HMS rocks. Pyroxenes from mare basalts usually
have low Mg# and display distinctive chemical zoning with a
Fe-rich (and Ca-rich) rim. In contrast, pyroxenes from HMS
rocks are generally Mg-rich and have relatively homogeneous
compositions. Petrographically, mare basalts exhibit a variety
of textures (depending on cooling rates) from ophitic to
subophitic. Some are coarse-grained and exhibit a gabbroic
texture. In contrast, HMS rocks formed in a sub-surface
environment and cooled relatively slow. They usually have a
poikilitic texture or granulitic texture due to sub-solidus
annealing (Heiken et al. 1991).

Arai et al. (1996) found that Fe# [molar Fe/(Fe+Mg)]
versus Ti# [molar Ti/(Ti+Cr)] of pyroxenes in lunar rocks
displays three compositional trends. Pyroxenes from mare
basalts show a strong correlation between Fe# and Ti#,
reflecting local crystallization differentiation of interstitial
melt. Other pyroxenes display a wide range of Ti# but have a
relatively low and constant Fe#. These compositional trends
may indicate a highlands origin or reflect thermal annealing
histories. Arai et al. (1996) argued that diffusion rates of Ti
and Cr in pyroxenes are slower than that of Fe and Mg.
Therefore, Fe and Mg are more readily homogenized than Ti

and Cr. On the Ti#-Fe# plot (Fig. 8), most pyroxene grains
from SaU 300 show a large variation in Ti# (0.2 to 0.75) with
relatively low and limited Fe# (0.2 to 0.4). For the mafic
clasts 6-8, pyroxene grains have restricted and low Fe#
(<0.5), indicating a highlands origin or thermal annealing.
Therefore, we suggest that the lithic clast population of SaU
300 consists mainly of a feldspathic highlands component
with a minor amount of HMS rocks.

There are some alternative interpretations. The mafic
components in SaU 300 could be mafic impact melt that
might not necessarily have an origin as HMS; or they are
perhaps a mafic component from a deeper level of the crust,
including a more mafic FAN rock, e.g., norite or gabbro that
is complementary to FAN. If the meteorite comes from the far
side highlands, perhaps there is a mafic component that
derives from the deposits of the South Pole-Aitken basin.

TRACE ELEMENT GEOCHEMISTRY

In situ ion microprobe measurements were carried out in
olivine, plagioclase, pyroxene, and apatite grains of lithic
clasts (C-1, C-2, C-3, C-4, C-5, and C-6), in mineral
fragments, and in melt-glass veins (Table 8).

Because of their small grain size (<50 pum), olivine
analyses are often contaminated by a small amount of
plagioclase. As a result, they usually show light rare earth
element (LREE) enrichments and positive Eu anomalies,
which were later excluded from the raw data. After
correction, olivine exhibits a heavy rare earth element
(HREE) enriched pattern with Lu at 2—10 X CI and Gd at
0.1-1 x CI. REE concentrations vary between olivine grains,
within the same clast, and among different clasts (Fig. 9a).
Olivine grains in C-1 have the highest REE content (Gd ~1 X
CI, Lu ~10 x CI) and the olivine grains in C-6 have the lowest
REE content (Gd ~0.1 x CI, Lu ~2 x CI). The REE pattern
and compositional range of olivine in SaU 300 are similar to
those of olivine from FAN suite rocks (Floss et al. 1998).

Plagioclase displays a typical LREE-enriched pattern
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Fig. 6. Concentrations of Fe versus Mn in olivine and pyroxene of SaU 300. The atoms per formula unit are based on 4 oxygens for olivine
and 6 oxygens for pyroxene. Symbols are the same as in Fig. 3 and Fig. 4.

with a positive Eu anomaly (10-20 x CI). REE content of
plagioclase varies within and among lithic clasts. Both LREE
and HREE concentrations vary significantly, by a factor of
more than 20 (Fig. 9b). The variation of Eu, however, is
relatively small (factor of 2). La varies from 0.8 to 22 x CI
and Y, an analog of HREE, from 0.5 to 8 x CI. Plagioclase in
C-1 has the highest REE content (La ~22 x CI) while C-6 has
the lowest REE content (La ~0.8 x CI). Most plagioclase
grains in SaU 300 have REE abundances and patterns that are
in excellent agreement with those of plagioclase from FAN
suite rocks (Papike et al. 1997; Floss et al. 1998). One grain in
C-1 has a slightly higher REE content than average
plagioclase from FAN suite rocks. It falls into the range of
plagioclase from HMS rocks (Papike et al. 1996).

Both high-Ca and low-Ca pyroxenes were analyzed. All
exhibit HREE-enriched patterns with negative Eu anomalies
(Fig. 9c). High-Ca pyroxene has a higher REE content
(La 1-25x CI, Lu 50-60 x CI) than low-Ca pyroxene (Lu 10—
30 x CI). The REE abundances and patterns of pyroxene
grains in SaU 300 are similar to those of pyroxenes from FAN
and HMS (Papike et al. 1997; Floss et al. 1998).

The apatite grain in C-5 has very high REE
concentrations with a relatively LREE-enriched pattern
(La 2800 x CI and Lu 650 x CI) and a negative Eu anomaly
(Eu 30 x CI) (Fig. 94).

Two analyses of glass from two different veins yielded
essentially identical REE abundances (Fig. 9d), which are
also remarkably similar to the bulk REE contents of SaU 300.
The glass displays a relatively LREE-enriched (La 11 x CI,
Sm 7 x CI) pattern with a positive Eu anomaly (Eu 11 x CI)
and relatively flat HREE pattern (7 x CI). This pattern is

similar to that of the feldspathic lunar meteorites QUE 93069
and Dho 025 (Korotev et al. 1996, 2003).

Ba and Sr positively correlate with REEs in plagioclase
of FAN rocks and lunar highlands meteorites (Papike et al.
1997; Floss et al. 1998; Cahill et al. 2004). The correlation
between Ba and Ce is stronger than that of Sr and Ce (Fig. 10).
Most plagioclase grains in SaU 300 fall within the fields of
FAN and lunar highlands meteorites. A few plot close to the
HMS suite of rocks (Fig. 10). Some plagioclase grains exhibit
extremely high Sr concentrations (290 to 2720 ppm)
(Fig. 10a).

BULK COMPOSITION

The bulk chemistry of SaU 300 was determined with
INAA, ICP-OES/MS, and TXRF. The results are listed in
Table 9. For major elements, individual rock chips of SaU 300
display a small compositional variation, indicating sample
heterogeneity. For example, Mg concentration varies from
5.06 to 6.51 wt%; and Al from 9.43 to 12.73 wt%. For minor
and trace elements, the results from different measurements
are consistent within analytical uncertainties. For example,
one 0.0301 g chip of SaU 300 was analyzed with ICP-MS and
TXREF. Both techniques yield very similar results.

Al,O5 and FeO concentrations of SaU 300 fall along the
trend defined by lunar meteorites and Apollo samples and are
close to those of mingled lunar meteorites (Fig. 11a). FeO and
MgO contents of SaU 300 are 8.16 wt% and 9.22 wt%,
respectively, which are slightly higher than those of typical
highland feldspathic meteorites (Table 9). SaU 300 has a
relatively LREE-enriched (7 to 10 x CI) pattern with a
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Fig. 7. Mg# of mafic phases (olivine and pyroxenes) versus An
content of plagioclase in lithic clasts of SaU 300 and comparison with
FAN and HMS suite rocks. HMS and FAN data are from Warren
(1985). Symbols are the same as in Fig. 3 and Fig. 4.
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of SaU 300. Shadowed areas are adopted from Arai et al. (1996).
Trends 1 and 2 represent rocks of highlands origin, and trend 3
represents rocks of basaltic origin (see Arai et al. 1996). Symbols are
the same as in Fig. 3 and Fig. 4.

positive Eu anomaly (~11 x CI) (Fig. 11b). This REE pattern
is typical of the feldspathic highlands meteorites and is
dominated by the REE signature of lunar plagioclase. The
bulk concentrations of Sc and Fe in SaU 300 fall within the
range of typical highlands meteorites, and its Fe/Sc ratio
varies from 3000 to 4000, which is close to the average of
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highlands rocks (~4000, Fig. 12). Th and Sm concentrations
of SaU 300 fall along the trend defined by lunar meteorites
but plot at the lower end (Fig. 13).

SaU 300, Dho 1180, Y-983885, and Calcalong Creek
have very similar major element concentrations, close to that
of Luna 20 soils (Boynton 2003; Warren 2003; Arai et al.
2005; Hill and Karouji et al. 2006; Zhang and Hsu 2006).
They contain ~22 wt% Al,05; and ~9 wt% FeO and fall within
the field of mingled lunar meteorites (Fig. 11a). Mingled
lunar meteorites are mainly composed of feldspathic, mare
basaltic, and KREEPy components (Korotev 2005). Dho
1180, Y-983885, Calcalong Creek mainly contain highlands
components, including ferroan anorthosite, Mg-rich
troctolite/norite, and granulite (Hill and Boynton 2003; Arai
et al. 2005; Bunch et al. 2006; Hsu et al. 2006, 2007; Zhang
and Hsu 2006). Y-983885 and Calcalong Creek have high
REE abundances and display a pronounced negative Eu
anomaly. Their REE patterns are similar to those of mare
basalt (NWA 032) and KREEP rocks (Fig. 11b), indicating
Y-983885 and Calcalong Creek contain a small amount of
basaltic and/or KREEPy components. Indeed, petrographic
studies have revealed that these two lunar meteorites contain
minor amounts of low-Ti and very low-Ti basalts, high-Al
basalt, and KREEP basalt (Hill and Boynton 2003; Arai et al.
2005). Dho 1180 also contains a few KREEPYy clasts (Zhang
and Hsu 2007).

SaU 300 is largely free of KREEP and mare basaltic
components, but contains mainly feldspathic components
with a small amount of mafic clasts. Feldspathic regolith
breccias have relatively low REE abundances (1 to 10 x CI)
with a characteristic positive Eu anomaly (Fig. 11b). The
REE pattern and abundances of SaU 300 are remarkably
similar to those of feldspathic lunar meteorites (Fig. 11b).
Relative to lunar highlands feldspathic regolith breccias
such as DaG 400 and QUE 93069, SaU 300 has low Al,O4
but high FeO contents (Fig. 11a). This suggests that SaU
300 is essentially composed of highlands feldspathic rocks
but contains a higher amount of mafic rocks than other
nominally feldspathic lunar meteorites. With 8.16 wt%
FeO, SaU 300 is the most mafic feldspathic lunar meteorite
that has been studied to date. It is also noted that mafic
clasts in SaU 300 are slightly more Fe-rich when compared
to HMS rocks. SaU 300 is a unique lunar meteorite that has
low trace element concentrations but a relatively high FeO
content.

SaU 300 has very high abundances of the siderophile
elements Co, Ni, Ir, and Au (by a factor of 2 to 3) compared to
other highlands meteorites and the average highlands regolith
(Fig. 14a). This enrichment in siderophile elements indicates
that one or more components have a high concentration of
meteoritic metal. It is also possible that the source of SaU 300
was close to the lunar surface where micrometeorites
accumulate over time, enriching the soil in siderophile
elements. A near surface origin seems to be inconsistent with


https://www.researchgate.net/publication/252478881_Petrographic_and_Mineralogical_Studies_of_the_Lunar_Meteorite_Dhofar_1180?el=1_x_8&enrichId=rgreq-661d69a79dd7ea2af36dfa4032d600f1-XXX&enrichSource=Y292ZXJQYWdlOzIyNzY3MjU5MztBUzoyMDA2MDkxMzY0MTg4MTdAMTQyNDg0MDM1Mzk3OQ==
https://www.researchgate.net/publication/252447593_Petrology_and_Composition_of_Lunar_Feldspathic_Breccias_NWA_2995_Dhofar_1180_and_Dhofar_1428?el=1_x_8&enrichId=rgreq-661d69a79dd7ea2af36dfa4032d600f1-XXX&enrichSource=Y292ZXJQYWdlOzIyNzY3MjU5MztBUzoyMDA2MDkxMzY0MTg4MTdAMTQyNDg0MDM1Mzk3OQ==
https://www.researchgate.net/publication/253362927_Petrology_and_REE_Geochemistry_of_the_Lunar_Meteorite_Sayh_Al_Uhaymir_300?el=1_x_8&enrichId=rgreq-661d69a79dd7ea2af36dfa4032d600f1-XXX&enrichSource=Y292ZXJQYWdlOzIyNzY3MjU5MztBUzoyMDA2MDkxMzY0MTg4MTdAMTQyNDg0MDM1Mzk3OQ==
https://www.researchgate.net/publication/230899898_Mineralogy_of_Yamato-983885_lunar_polymict_breccia_with_KREEP_basalt_a_high-Al_basalt_a_very_low-Ti_basalt_and_Mg-rich_rocks?el=1_x_8&enrichId=rgreq-661d69a79dd7ea2af36dfa4032d600f1-XXX&enrichSource=Y292ZXJQYWdlOzIyNzY3MjU5MztBUzoyMDA2MDkxMzY0MTg4MTdAMTQyNDg0MDM1Mzk3OQ==
https://www.researchgate.net/publication/230899898_Mineralogy_of_Yamato-983885_lunar_polymict_breccia_with_KREEP_basalt_a_high-Al_basalt_a_very_low-Ti_basalt_and_Mg-rich_rocks?el=1_x_8&enrichId=rgreq-661d69a79dd7ea2af36dfa4032d600f1-XXX&enrichSource=Y292ZXJQYWdlOzIyNzY3MjU5MztBUzoyMDA2MDkxMzY0MTg4MTdAMTQyNDg0MDM1Mzk3OQ==
https://www.researchgate.net/publication/230899898_Mineralogy_of_Yamato-983885_lunar_polymict_breccia_with_KREEP_basalt_a_high-Al_basalt_a_very_low-Ti_basalt_and_Mg-rich_rocks?el=1_x_8&enrichId=rgreq-661d69a79dd7ea2af36dfa4032d600f1-XXX&enrichSource=Y292ZXJQYWdlOzIyNzY3MjU5MztBUzoyMDA2MDkxMzY0MTg4MTdAMTQyNDg0MDM1Mzk3OQ==
https://www.researchgate.net/publication/230899898_Mineralogy_of_Yamato-983885_lunar_polymict_breccia_with_KREEP_basalt_a_high-Al_basalt_a_very_low-Ti_basalt_and_Mg-rich_rocks?el=1_x_8&enrichId=rgreq-661d69a79dd7ea2af36dfa4032d600f1-XXX&enrichSource=Y292ZXJQYWdlOzIyNzY3MjU5MztBUzoyMDA2MDkxMzY0MTg4MTdAMTQyNDg0MDM1Mzk3OQ==
https://www.researchgate.net/publication/230899898_Mineralogy_of_Yamato-983885_lunar_polymict_breccia_with_KREEP_basalt_a_high-Al_basalt_a_very_low-Ti_basalt_and_Mg-rich_rocks?el=1_x_8&enrichId=rgreq-661d69a79dd7ea2af36dfa4032d600f1-XXX&enrichSource=Y292ZXJQYWdlOzIyNzY3MjU5MztBUzoyMDA2MDkxMzY0MTg4MTdAMTQyNDg0MDM1Mzk3OQ==
https://www.researchgate.net/publication/230899898_Mineralogy_of_Yamato-983885_lunar_polymict_breccia_with_KREEP_basalt_a_high-Al_basalt_a_very_low-Ti_basalt_and_Mg-rich_rocks?el=1_x_8&enrichId=rgreq-661d69a79dd7ea2af36dfa4032d600f1-XXX&enrichSource=Y292ZXJQYWdlOzIyNzY3MjU5MztBUzoyMDA2MDkxMzY0MTg4MTdAMTQyNDg0MDM1Mzk3OQ==
https://www.researchgate.net/publication/223190778_Lunar_chemistry_as_told_by_lunar_meteorites?el=1_x_8&enrichId=rgreq-661d69a79dd7ea2af36dfa4032d600f1-XXX&enrichSource=Y292ZXJQYWdlOzIyNzY3MjU5MztBUzoyMDA2MDkxMzY0MTg4MTdAMTQyNDg0MDM1Mzk3OQ==

W. Hsu et al.

1374

LOF8¢SI €0'0F1T0 00 F+81°0 [TO0F €810 SO00F910°0 990°0 F S¥S°1 SE0'0FT6L0 6000+ S¥0°0 610°0+8SC°0
6'T+L°S8 90°0+CC1 YOO+ VT 8C00F €091 [10°0+ 6¥0°0 90 +2e'Il 080°0 +¥€C’S LIO0OF691°0 8€00FOVCT'T
POFLSI 00F+91°0 00 +81°0 OTO'0F I1T°0 8000+ LI00 ¢SO0 F 19571 8C00F €VLO S00°0+<CI00 ITO'0F¥ET0

CFO0ST SOOFII'I UVES 4! LTOOF 81 ¥10°0 +980°0 ST'0F+9L01 €L0°0 +89¢Y ¥10°0 + 16070 LTO0FLI90
60F919 €0°0F 2P0 00F6¢€0 9100+ 5290 9000+ 1200 6800 FSOI'¥ [¥0°0 + LOS'] S00°0F 1200 €100+ IST°0

[ 143 900 +89°1 SO0FO0L'T YE0'0+<¢8LC  CIO0+ 1800 8I'0FLLLI 080°0 +0L09 CI0°0 +880°0 020°0+ €6£°0
90F6CE €0°'0F¥C0 200 +9T0 €100+ 8¥€0  9000F810°0 990°0 + LOV'C 8200 FEVLO S00°0F¥10°0 9000 F S€0°0

¥ ¥ 8¥¢ OT'0+8¢'1 LOOFIET 1900 + 0¥CT'C 1200+ ¥01°0 LTOFTSTI OIT'0+ IST'¢ 8100 +920°0 €20°'0F 600
COF91 ¥0°0 +65°0 €00+ 650 €00+ ToI'l 0€0°0 + 0950 1200+ 0ST°0 IT0°0 +65S0°0

€+ 98¢ LOOFTI'] SO0F¢SOT wwoOOFvLI'C  LIOOF8Y0°0 9STOF€ESL 190°0 F0S6°1

€F0LET 600 F65°¢ LOOFTSE YSO0OFSI8L  0C00F¥ECO IT0F9v'v1 ¥90°0 + SvL'€

[ Y43 Y00+ LLO €0°0FSLO €CO0FVILT 6000 + €500 190°0 +8¢¢'C ¥20°0 + 8290

¥+ 8691 ClI'0F€E6'S 600 ¥ 08°S [LOOF ETET [€0°0F OIS0 91’0 + 18°CI 190°0 ¥ 08C°¢

TFW9 LOOF VYT SO0+ ST [¥0°'0+990°¢ 6100+ 6L1°0 YLO0 F9€E°¢ 8200 + 6280
COF9Y €0+ ¥9¢ €0+F8'LC CTOFSP8 COFVL CTOFV9 I'o+ce I'oF+¢tl I'o+¢s7c
1T+ €I8¢C [+ 1CI I +96

9F 0071 TO0F96 CTO0F66 ['0F €¢I ['0F+80 90F €6 €0FESE ['0FTI ['0F VY

¥ Eve [ +16 [ +06 I +¢sC ¢+ 16¢ LOF9IE 8'0F 09 LOFETE [+0L
¢0FTO 90F LS SOFES 10°0+81°0 COFOl SO'0F0L0 SO0F VIl crFIee OTFT¥E
IT+98L T+ 01 I+18 90+ ¥C9 VI+06S ST+818 L0+ ¢€9C 6'0F1'6C LOFV€C

Y +¢SC S+698 Y +816 I+L91 CF+8SI 9F 116l S F+998¢ 6+ 18¢Y L ¥ LOSY
YOF€9 cFcicl v+ Evel I'0F66 60+ 'ty Y+ 91T €F 7991 Y+ LI10I Y+ LOLI
COFTI [+LS [ +9¢ ['0F9°¢ €0FLL [FvL1 [+98 90FLYE SOF0tY
6C + 1661 SIF+SSvl ITF6cvl v+ 65§ Y +9¢1 6¢ F Crell €CFS189 Y¥ILI SF8LE
FOFT1'1 0+ 6C €0F6¢ I'0F67I €0F9¢I 90F698 €0F+0¢S Y0+ T9C €0F€6c

[ +0¢ €+ 0S¢ CTFELE

S +20¢ S+0.L0C Y+SLIT

amedy sse|n ase[oorde[d QUOXO0IA] JUIAIIQ

n
qA
wy,
g
OH
Aa
qL
PO
ng
wg
PN
1d
)
e
eg
1z
A
IS
Q
IN
uN
1D
A
1L
o8
bl
eN

‘00€ Nes ur 9anede pue ‘sse[3 jjow-joedur ‘oseoorde[d ‘ouaxoihd ‘ouraro jo (wdd) suoneNUIIUOS JUSWI[S 99BI) PUL IOUIA 'S 9[qRL



Petrography, mineralogy, and geochemistry of lunar meteorite Sayh al Uhaymir 300

1375

100 £ 3 100 £ c
F 3 F . 3 Cl 1
E (a) ] E (b) Plagioclase 3 gcrz
C .. ] C lmes
[ ra iz Olivine ] [ ] Duja
W 62 V2l
WElO s ERRd3 q| a2
o F 1@ cil ] E EIRZ<N
= [|O oL ] r 1| AC32
§ A C31 I ~ O i 2(3 59
[ v 2 1 I o= K 1| ®c4
v 322 < 2 % Cs
TE| S co i 'F 2R 3| xcs
F ~ E F 9| Xan
oq b o b
100 g 310000 £ 3
E 3 E (d) . 3
X 1 C rl/.i\‘ﬂ Apatite ]
10 < 1000 \ =
G E E E O MeltGlass | E
< [ Melt Glass 2
2 1F @ Cicx g 100 F C5 Apt E
= E O C1.0px |3 E E
C E t -Opx | C Melt Glass ]
01 | Aciopx (g 10F ME@(E/Q\S%&%@P@@ E
F v €6 Opx |3 3 E
- C 4 L -
r Pyroxene go‘l’,i ] r ]
o0t b e N S S S S S S S S

La Ce Pr Nd

Sm EuGdTb Dy Ho ErTm Yb Lu

La CePr Nd SmEuGdTb Dy Ho ErTm Yb Lu
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low concentrations of solar-wind gases in SaU 300
(unpublished data). An explanation is that the low solar wind
contents in SaU 300 are due to the loss of noble gases by the
extensive impact heating on the surface. The CIl-normalized
siderophile abundances of SaU 300 show a Co enrichment
relative to Ni (Fig. 14b), consistent with results from other
lunar samples (Warren et al. 1989). This is due to the fact that
on the Moon, Co is not only a siderophile element but also
shows partly lithophile and chalcophile tendencies. The Ni/Ir
ratio of SaU 300 is close to chondritic, indicating a
contribution from chondritic particles that struck the lunar
surface. With an Ir concentration of 20 ppb, SaU 300 could
contain ~3% chondritic material. Korotev et al. (2007)
suggested H-chondrite affinity for the metal in SaU 300 and
estimated that a 2.5% component of H chondrite could
account for the siderophile compositions in SaU 300.

It has been previously noted that meteorites from hot and
cold deserts are susceptible to terrestrial weathering (Crozaz
and Wadhwa 2001; Crozaz et al. 2003). Secondary minerals,
such as calcite and gypsum, fill pores and fractures within
meteorites during prolonged exposure time in deserts. This
results in alteration of the REE concentrations and an
enrichment of Ca, Sr, and Ba in the bulk rock. SaU 300
contains a relatively elevated Sr (~550 ppm) concentration
compared to other lunar meteorites and Apollo and Luna
samples (Fig. 15). The Ba concentration (~50 ppm) of SaU
300 falls within the lower range observed in lunar meteorites
and Apollo and Luna samples (Papike et al. 1996, 1997; Floss
et al. 1998; Cahill et al. 2004) (Fig. 10b). Such a distribution
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was not observed in mineral grains of SaU 300. SaU 300 has
experienced moderate terrestrial weathering. Indeed, we did
not observe widespread weathering mineral phases.

LUNAR PROVENANCE

Recent Clementine and Lunar Prospector missions have
revealed that the radioactive and geochemically incompatible
elements, such as K and Th, are largely concentrated in the
NW quadrant of the nearside, coincident with the Procellarum
terrane (Lawrence et al. 1998, 2000). On the basis of the
remote sensing data provided by these missions, Jolliff et al.
(2000) recognized three distinct geochemical and petrologic
terranes on the lunar surface: Procellarum KREEP Terrane
(PKT), Feldspathic Highlands Terrane (FHT), and South
Pole-Aitken Terrane (SPAT). The PKT is rich in Th (>3.5 ppm)
and coincides with the largely resurfaced area in the
Procellarum-Imbrium region. The FHT covers most of the
lunar surface (>60%), including the bulk of the lunar far side.
It is poor in Th (0.2 to 1.5 ppm) and FeO (~5%), dominated
by feldspathic components. The SPAT is moderately rich in
FeO (~10%) and Th (~2 ppm). It is the largest impact basin
(~2600 km) in the solar system. These terranes represent
distinctive lunar provinces and indicate unique geologic
histories. Haskin (1998) noted a relationship between Th
abundance and distance from the Imbrium basin. Th
concentration decreases from the edge of the Imbrium basin
(~5 ppm) to a distance of 4000-5000 km (<1 ppm). This
finding was confirmed by the Lunar Prospector gammaray
spectrometer spectra (Lawrence et al. 1998). The impact that
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formed the Imbrium basin would have excavated and melted
a large amount of Th-rich material that was subsequently
distributed over most of the lunar surface.

Lunar meteorite SaU 169 is an impact-melt breccia that
is extremely enriched with K, REEs, and P (Th 33 ppm, U
8.6 ppm, K,0 0.54 wt%), (Gnos et al. 2004). It has a strong
link to the Imbrium basin and was inferred to have been
derived from the Lalande impact crater (Gnos et al. 2004).
Two other feldspathic breccias, Y-983885 and Calcalong
Creek, are relatively rich in Th (2 and 4 ppm, respectively).
They contain clasts of Th-rich impact melt breccias. These
meteorites could be related to or derived from an area close
to the PKT and SPAT areas (Hill and Boynton 2003; Korotev
et al. 2003; Arai et al. 2005; Korotev 2005). However, most
lunar feldspathic meteorites do not contain Th-rich impact-
melt breccias. They most likely originated from the FHT,
probably from the lunar far side (Cahill et al. 2004; Takeda
etal. 2006). SaU 300 is dominated by feldspathic components
with a small HMS contribution and a dearth of KREEPy
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characteristics, very similar to lunar highlands meteorites
Dho 025 and Dho 081 (Cahill et al. 2004). The remote-
sensing data from Clementine and Lunar Prospector reveal
that the northern far side surface consists almost exclusively
of feldspathic highland terrain with little HMS and KREEP
components, and that the near side includes feldspathic
highlands, HMS, and KREEP rocks. Dho 489 was inferred to
have derived from the lunar far side highlands on the basis of
the depletion of Th (0.05 ppm) and FeO (~3 wt%) (Takeda
et al. 2006). SaU 300 has relatively higher Th and FeO
contents than Dho 489. SaU 300 is unique amongst the
Apollo suite rocks and the lunar meteorites recovered thus far
and it may represent an unexplored region on the lunar
surface, which is almost free from KREEP and mare basalt
contamination. It is worth noting that there is very little
exposure of mare basalt on the northern far side of the Moon.
The eastern near-side is also far distant from the PKT and has
some areas of feldspathic highlands, but the abundance of
mare basalt and “cryptomare” or partially buried mare basalt
results in the development of higher FeO in regolith than on
the northern far side highlands. Therefore, it is possible that
the source region of SaU 300 is within the FHT, at a great
distance from the PKT, probably on the far side of the Moon.

SUMMARY

SaU 300 is dominated by a fine-grained crystalline
matrix surrounding mineral fragments and lithic clasts. Lithic
clasts are mainly anorthositic to noritic. Mare basalt and
KREEPy rocks are absent. A second impact event generated
veins and glassy impact melts whose compositions are close
to anorthositic norite. SaU 300 is a feldspathic impact-melt
breccia.
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Major element concentrations of SaU 300 are very
similar to those of mingled lunar meteorites (e.g., Calcalong
Creek and Y-983885). However, SaU 300 is largely free of
mare basalt and KREEP rocks. It is mainly composed of
highlands feldspathic rocks with a small amount of mafic
rocks. With 8.16 wt% FeO, SaU 300 is more mafic than other
nominally feldspathic highlands meteorites. The bulk REE
abundances of SaU 300 are significantly lower than those of
Calcalong Creek and Y-983885, but resemble those of
feldspathic highlands meteorites and the average lunar
highlands crust. SaU 300 is a unique lunar meteorite and
represents a lunar surface composition distinct from any other
known lunar meteorites.

SaU 300 also contains high siderophile abundances with
a chondritic Ni/Ir ratio, indicating its source region close to
the lunar surface. Bulk Sr concentration is relatively elevated
in SaU 300 compared to other lunar meteorites and Apollo
and Luna samples. But Ba concentration in SaU 300 falls
within the lower field observed for lunar meteorites and
Apollo and Luna samples. The elevated Sr concentration
indicates that SaU 300 has experienced moderate terrestrial
weathering.

On the basis of the low Th concentration (0.46 ppm) and
the lack of KREEPy and mare basaltic components, the
source region of SaU 300 could have been within the FHT at
a significant distance from the PKT, probably on the lunar far
side.
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