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Abstract:  'Y-793605 is a new martian meteorite from Antarctica that can be clas-
sified as a lherzolitic shergottite. Y-793605 mainly shows a poikilitic texture (large
pyroxene oikocryst with enclosed olivine and chromite), but partly contains non-
poikilitic areas (mainly maskelynite, olivine, and pigeonite). Olivine in the non-
poikilitic area is more Fe-rich and shows a narrower compositional distribution than
that in the poikilitic area. Low-Ca pyroxenes in the non-poikilitic area are also more
Fe-rich (EnesFs:xWo0,~EneFs»Woi3) than those in the poikilitic area (EnseFs.Wo,~
En.Fs.;Wo,1). Augites in the poikilitic area are usually present rimming the
oikocrysts (Ens:FssWos. to EngFsisWoy). The crystallization sequence of minerals
in Y-793605 is considered to have begun by initial crystallization of cumulus
phases (olivine and chromite) from the parent magma. Then, low-Ca pyroxenes and
later augite poikilitically enclosed cumulus phases, and became a large oikocryst.
Due to accumulation of phases, small interstitial melts formed between the oikocryst
boundaries, and plagioclase crystallized from the Ca-Fe-rich melt along with
pigeonite. After minor augite crystallization in the non-poikilitic area, all phases
experienced re-equilibration (e.g., homogenization of olivine). Y-793605 shows a
close relationship to previously known lherzolitic shergottites ALH77005 and
LEWS88516. Especially, olivine composition of Y-793605 is nearly identical to that
of LEW88516. Pyroxene and maskelynite compositions are almost the same among
these three meteorites. Although it is hardly possible to consider that Y-793605 is
paired with ALH77005 or LEW88516 in the sense that Y-793605 was in the same
fall with them, it can be concluded that Y-793605 originated from the same igneous
body or rock in Mars as ALH77005 and LEW88516.

1. Introduction

SNC (shergottites, nakhlites and chassignite) meteorites are widely believed to
have originated from the planet Mars, and they have offered valuable information on
martian igneous processes because they all are igneous rocks (e.g., MCSWEEN, 1985,
1994). Totally 12 martian meteorites have been known up to date, and 6 of them have
been recovered by Japanese and American expedition to Antarctica. SNC meteorites
show a wide range of petrologically different characteristics, and they are considered
to represent geologically different origin of the rocks. One of the SNC meteorite
(ALH84001 orthopyroxenite) contains ~1 vol% carbonates (TREIMAN, 1995) and was
recently reported to bear the possibility that a primitive form of microscopic life may
have existed on Mars more than three billion years ago (MCKAY et al., 1996). Thus,
SNC meteorites even have possibilities to give us extraterrestrial biological informa-

41



4?2 T. MikoucHi and M. MiYAMOTO

tion.

Shergottite is the largest group of SNC meteorites, and it can be divided into two
sub-groups, basaltic shergottites and lherzolitic shergottites (e.g., MCSWEEN, 1994).
The 16 g small meteorite Yamato-793605 (Y-793605) in the Japanese Antarctic mete-
orite collection was recently described as a new member of SNC meteorites (MAYEDA
et al., 1995; YANAIL 1995). Y-793605 shows a close relationship to previously known
lherzolitic shergottites (MIKOUCHI and MiyaMoto, 1996a, b). ALH77005 and
LEW88516 have been the only known lherzolitic shergottites that show similar min-
eralogical and petrological characteristics to each other, and they are considered to
share the same original source in Mars (HARVEY et al., 1993; TREIMAN et al., 1994).
The name of ALHA77005 is used in Antarctic Meteorite Newsletter, while ALH-77005
is used in Catalog of Japanese Collection of the Antarctic Meteorites, because this
meteorite was separated in half between Japan and USA. In this paper, we call the
meteorite “ALH77005”. Lherzolitic shergottites are characterized by the presence of
poikilitic texture of the rocks. Large oikocrysts of pyroxene enclose cumulus Mg-rich
olivine and chromite. Lherzolitic shergottites also contain a volumetrically minor non-
poikilitic texture. These rocks possibly crystallized from a melt parental to those from
which basaltic shergottites had crystallized or they are peridotite type samples from
which parent magmas of basaltic shergottites were derived by partial melting
(MCSWEEN et al., 1979a, b). Discovery of Y-793605 has a potential to give us anoth-
er important aspect on petrology of lherzolitic shergottites.

In this paper, we report mineralogical and petrological data of Y-793605 as a part
of the consortium investigation of this small martian meteorite organized by National
Institute of Polar Research (NIPR) to understand the petrogenesis of this rock, and
discuss its petrogenetic relationship to the other lherzolitic shergottites ALH77005 and
LEW&88516.

2. Sample and Analytical Techniques

A polished thin section (PTS) of Y-793605 (Y-793605,51-2) was generously sup-
plied by NIPR. Petrographic observations and chemical analyses were made on the
PTS by optical and electron microscopy. The electron microscopy was performed in
the Electron Microbeam Analysis Facility of the Mineralogical Institute, University of
Tokyo. Several single pyroxene grains (~1 mm in size) were also supplied, and they
were analyzed by a single crystal X-ray diffraction technique (precession method).
Backscattered electron images were taken with a JEOL JXA840 scanning electron
microscope with an energy dispersive spectrometer (EDS). Quantitative wavelength
dispersive analyses were performed on a JEOL 733 electron microprobe (Ocean
Research Institute, University of Tokyo) and a JEOL JCM 733 mk Il microprobe
(Geological Institute, University of Tokyo). Microprobes were operated at 15 kV accel-
erating voltage, and beam current was 12 nA on Faraday cages. In analysis of some
maskelynites and glasses, a broad beam about 10 ym in diameter was employed to
minimize loss of volatile elements. Elemental distribution maps were obtained by a
JEOL JXA 8900L electron microprobe (Geological Institute, University of Tokyo).
Accelerating voltage was 15 kV and beam current was 120 nA on Faraday cage. We
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counted the element intensity at peak wavelength for 30 ms for each pixel of the mea-
sured area.

3. Results

3.1. Petrography

Y-793605,51-2 is about 9 X6 mm in size. It principally shows a typical poikilitic
texture, but partly contains a non-poikilitic, interstitial area (Fig. 1). The boundary
between the poikilitic and non-poikilitic area is continuous, but not straight. The non-
poikilitic area distributes as a narrow winding band up to 1-2 mm in width (Figs. 1,
2). A shock-induced melt vein which is about 100 ym wide is cutting the PTS. The
vein is composed of very fine-grained material with lithic fragments of olivine, pyrox-
enes, and chromite (Fig. 3). Y-793605 is composed of olivine, low-Ca pyroxenes,
augite, maskelynite, chromite, and a few other accessory minerals. No Ca-phosphate
grain has been identified throughout the PTS. The modal abundances of minerals in
Y-793605,51-2 except an impact melt vein arec 40% olivine, 33% low-Ca pyroxenes,
17% augite, 8% maskelynite, 1.5% opaque phases (Cr-rich spinels and ilmenite), and
0.5% others (mainly glass).

In the poikilitic area, a large pyroxenc oikocryst that is larger than 8 mm across
encloses rounded olivines and aggregates of chromite (Fig. 4). The pigeonite area of
the oikocryst has coarse twin bands (~1.5 mm in width) that are partially faulted prob-
ably due to intense shock (Fig. 5). Undulatory extinction and two-sets of linear struc-
ture of the pyroxene oikocryst are observed under an optical microscope (Fig. 6), and
they would be also produced by a shock etfect. The oikocryst contains augites usual-
ly along its edge (Fig. 7). They are irregular in shape, and they do not follow the spe-
cific crystallographic orientations. Augites are also present as irregular patches with-
in the oikocryst. Olivines in the oikocryst are brownish green in color and their sizes
reach up to 1.5 mm in longer dimension. Most olivines are round in shape, and are
extensively altered along their rims and interior fractures (Fig. 4). The altered portions
are turned into dark brown in color probably due to presence of Fe** during shock
oxidation on Mars (HARVEY et al., 1993). Olivine also exhibits undulatory extinction.
Chromites in the oikocryst are cuhedral (square-shaped) in texture (<100 ym) and they
are scattered in the oikocryst. Usually they are present as aggregates of several grains
(Fig. 8). Maskelynites are rarely observed in the poikilitic area, but small maskelynite
grains (up to a few hundreds um across) are present, usually in or near the augite
patches. Some subrounded magmatic inclusions are contained near the centers of the
olivine crystals (Fig. 9). They are usually ~100 um in size, but the largest inclusion
reaches 400 um in size (Fig. 9b). The inclusion consists of several unique phases such
as Al-Ti-rich pyroxene (both low and high-Ca pyroxenes) and Si-rich feldspathic glass.
Typically, pyroxenes are present as elongated crystals in the host of Si-rich glass (Fig.
9a). Some pyroxenes are nucleating on the surrounding olivine walls. The pyroxenes
in the largest inclusion do not show elongated textures (Fig. 9b).

The non-poikilitic area is formed by almost the same sizes (~1 mm across) of
olivine, maskelynite and pyroxenes (Fig. 10). Olivine and maskelynite are more abun-
dant than pyroxenes in the non-poikilitic area. Olivines in the non-poikilitic area are
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Fig. la. Photomicrograph of Y-
793605,51-2. Transmitted plain
polarized light. The width of field
is approximately 10 mm.

Fig. 1b. Backscattered electron
(BSE) image of Y-793605,51-2. A
large pyroxene oikocryst is pre-
sent (dark gray), and it is zoned
from darker grayish part (left
bottom) to brighter part (right
bottom ~ center  top).  Olivine
(bright gray) and chromite (small
white grains) are enclosed by the
oikocryst. Non-poikilitic area is
also present (right top), and it is
composed of maskelynite (black),
olivine (bright gray), and
pigeonite (dark gray).

Poikilitic

/
Poikilitic

Fig. lc. Schematic illustration

showing the boundary between

T ———— e — the poikilitic and non-poikilitic

areas.
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Fig. 2a. BSE image of the bound-
ary between the poikilitic and
non-poikilitic areas of Y-793605,
51-2.  The non-poikilitic area
including abundant maskelynite
is distinct from the poikilitic
area. Note that maskelynites
crystallized from the wall of the
poikilitic area. Px: pyroxenes,
Ol: olivine, Ms: maskelynite,
and Cr: chromite. Scale bar is 1
mm.
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Fig. 3. Photomicrograph of the
impact melt vein in Y-793605,
51-2. Transmitted plain polar-
ized light. The vein is cutting the
olivine single crystal. The vein is
composed of very fine-grained
materials.  Larger lithic frag-
ments of the surrounding miner-
als (olivine, pyroxenes, and
chromite) are also present. Ol:
olivine. The width of field is

approximately 0.65 mm.
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Fig. 4a. Photomicrograph of
the typical poikilitic area in Y-
793605,51-2. Transmitted plain
polarized  light. Rounded
olivines and chromite aggre-
gates are present in the
oikocryst.  Ol:  olivine, Px:
pyroxenes, and Cr: chromite.
The width of field is approxi-
mately 3.2 mm.

Fig. 4b. BSE image of the typi-
cal poikilitic area. Almost same
area as shown in Fig. 4a. The
pyroxene oikocryst has patches
of augite (brighter gray than
the host). Ol: olivine, L-Ca Px:
low-Ca pyroxene, Aug: augite,
and Cr: chromite.

Fig. 5. Photomicrograph of the
pyroxene  oikocryst in Y-
793605,51-2. Crossed polar-
ized light. Coarse twin bands
are present, and they are part-
ly faulted by intense shock
(arrows). Ol: olivine and Px:
pyroxenes. The width of field is
approximately 3.2 mm.
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Fig. 6. Photomicrograph of the
pyroxene oikocryst in Y-793605,
51-2. Crossed polarized light. It
is obvious that the pyroxene has
a streak texture that is parallel
to two directions. Ol: olivine
and Px: pyroxenes. The width of
field is approximately 0.65 mm.

Poikilitic

Fig. 7. Ca elemental image of the
pyroxene oikocryst in Y-7936005,
51-2. Brighter areas correspond
to higher Ca concentration. In

Non-
Poikilitic
this image, olivines are black, /
while augites are white. Note
that augite is present along the
rims of the oikocryst as well as
the interior patches. Top right is
the non-poikilitic —area. Ol:
olivine, L-Ca Px: low-Ca pyrox-
ene, Aug: augite, and Ms:
maskelynite.

Fig. 8. Photomicrograph of the
chromite aggregates in the
pyroxene oikocryst of Y-793605,
51-2.  Transmitted plain polar-
ized light. Chromites in the
oikocryst are generally ~100 um
in size. Cr: chromite and Px:
pyroxenes. The width of field is
approximately 0.65 mm.
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Fig. 9a. BSE image of two trapped
magmatic inclusions in olivine of
Y-793605,51-2. The left inclusion
is composed of Si-rich glass and
pyroxenes. The pyroxene contains
both Ca-rich and Ca-poor compo-
sitions. The right inclusion is also
composed of Si-rich glass and
pyroxenes, but texturally different
from that in the left. Elongated
crystals are pyroxenes, and they
are mainly high-Ca pyroxene.
Pyroxenes are also surrounding
the wall of the enclosing olivine.
Gl: Si-rich glass, Ol: olivine, L-
Ca Px: low-Ca pyroxene, H-Ca
Px: high-Ca pyroxene. Scale bar
is 0.1 mm.

~ Fig. 9b. BSE image of the largest
trapped magmatic inclusion in
olivine of Y-793605,51-2. Two-
kinds of Si-rich glasses are domi-
nated in the inclusion. Al-Ti-rich
pyroxenes of both Ca-poor and
Ca-rich compositions are present.
Ilmenite in the inclusion is elon-
gated. The black-colored areas in
the glass are rich in Si. Gl: Si-rich
glass, Ol: olivine, L-Ca Px: low-
Ca pyroxene, H-Ca Px: high-Ca
pyroxene, Im: ilmenite, and Cr:
chromite. Scale bar is 0.1 mm.

somewhat angular in shape unlike those in the poikilitic area, but their sizes are gen-
erally similar in both textures (Fig. 1). Maskelynites in the non-poikilitic area is elon-
gated in shape, and their longer dimensions are usually perpendicular to the direction
of the non-poikilitic band (Fig. 10). Maskelynite in the non-poikilitic area sometimes
contains inclusions of pyroxene and several other phases. Unlike the poikilitic area,
almost all pyroxenes are pigeonite. Pigeonite is colorless and usually has two well
developed sets of cleavage. Augite is rarely observed, probably due to a small vol-
ume fraction of pyroxenes in the non-poikilitic area. An Fe-P-rich phase is also includ-
ed in the non-poikilitic area (Fig. 11).

Although MAYEDA et al. (1995) and YANAI (1995) previously reported that Y-
793605 is brecciated, our PTS does not show such a texture. This shows a local sam-
ple heterogeneity of this meteorite.

3.2. Mineral compositions
Representative chemical compositions of several major and minor phases in Y-
793605 are listed in Tables 1 and 2.
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Fig. 10. BSE image of the non-
poikilitic area of Y-793605,51-2.
Maskelynites are much more
abundant than in the poikilitic
area. Px: pyroxenes, Ol: olivine,
Ms:  maskelynite, and Im:
ilmenite. Scale bar is 0.1 mm.

Fig. 11. BSE image of the P-rich
phase in the non-poikilitic area.
P-rich phases are very fine-
grained, and their real composi-
tions are unclear. Dark areas
near the center are voids. P-rich:
P-rich phase, Ol: olivine, and
Ms: maskelynite. The photo is
overexposed to obtain the bright
image of P-rich phases. Scale
bar is 10 um.

P=rich

3.2.1. Pyroxenes

The pyroxene oikocryst is chemically zoned from a Ca-poor composition
(EnsFs;Wos) to a relatively Ca-Fe-rich composition (EneFs3Woy;) (Fig. 12). The zon-
ing is continuous and there is little scattering in Fe content. The lowest-Ca pyroxene
(Wo;) has chemically an orthopyroxene composition, but its structural state is unclear.
Augite in the poikilitic area is also zoned usually from Ens,Fs;(Wo;, to EnyFs,;sWos3;
(Fig. 12). The equilibration temperature using a two pyroxene thermometer (LINDSLEY
and ANDERSEN, 1983) gives ca. 1150°C for the contacted pigeonite-augite pair in both
poikilitic and non-poikilitic areas. The pigeonite in the non-poikilitic area clearly has
higher Ca and Fe composition than that in the poikilitic area, although the composi-
tion is scattered in both Ca and Fe compositions compared with that in the poikilitic
area (Fig. 12). In many cases it ranges from EnesFs;sWo, to EneFs»yWo,; (Fig. 12).
Minor element compositions further exhibit the difference of pyroxenes between the
poikilitic and non-poikilitic areas. TiO, of the low-Ca pyroxene in the poikilitic area
increases from 0.05 wt% to 0.3 wt% (Fig. 13a). ALLO; also increases from 0.3 wt%
to 1 wt%, and Al and Ti are positively correlated. TiO, of the pigeonite in the non-
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Table 1. Representative electron microprobe analyses (wt%) of major phases in Y-793605.

Low-Ca

Low-Ca

Poikilitic area

Olivine

Maskelynite Maskelynite

pyroxene pyroxene Augite

(Ca, Fe-poor) (Ca, Fe-rich) (Core) (Core) (Rim)
SiO, 56.0 54.7 52.0 38.6 55.5 59.8
Al O, 0.3 0.8 1.9 27.9 25.5
TiO, 0.1 0.2 0.5 0.1 0.2
FeO 13.4 14.4 8.9 26.7 0.5 04
MnO 0.4 0.5 0.4 0.5
MgO 28.0 23.6 16.7 33.7 0.2 0.1
CaO 1.4 5.6 17.6 0.2 10.9 8.2
Na,O 0.2 4.5 49
K,O 03 0.4
Cr,0, 0.4 0.5 0.8 0.1
V.0, 0.1
NiO 0.1
P,O, 0.1 0.4 0.1 : 0.2 0.1
Total 100.1 100.7 99.3 99.8 100.1 99.6
En 76.6 66.2 48.7 69.2
Fs 20.5 22.6 14.4 30.8
Wo 2.8 11.2 36.9
An 564 46.8
Ab 42.1 50.7
Or 1.5 2.5

Non-poikilitic area
Maskelynite Maskelynite  Olivine Pigeonite  Pigeonite Augite
(Core) (Rim) (Core)  (Ca, Fe-poor) (Ca, Fe-rich)

SiO, 549 57.2 36.9 54.0 53.2 52.2
AlLO, 27.6 26.5 0.6 1.1 1.7
TiO, 0.1 0.2 0.7 0.6 0.8
FeO 0.5 0.4 29.5 17.0 14.9 10.0
MnO 0.6 0.8 0.5 0.4
MgO 0.2 0.1 325 229 21.3 16.4
CaO 1.1 9.7 0.2 37 7.1 17.1
Na,O 4.4 5.0 0.1 0.1 03
K,O 0.3 0.3
Cr,0, 0.1 0.2 0.5 0.8
V,0, 0.1
NiO 0.1
P,O; 0.2 0.1 0.2
Total 99.3 99.6 99.8 100.0 99.3
En 66.3 05.2 61.3 47.8
Fs 337 27.2 24.0 16.4
Wo 7.6 14.7 35.8
An 56.9 50.6
Ab 41.5 47.3
Or 1.6 2.1

* Cation totals for maskelynites (O=24): core (poikilitic) 14.8, rim (poikilitic) 14.6, core (non-
poikilitic) 14.8, rim (non-poikilitic) 14.8.
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Table 2. Representative electron microprobe analyses (wt%) of minor phases in Y-793605.
Poikilitic and non-poikilitic areas
Chromite Chromite Ilmenite  P-rich Olivine Impact
(Core) (Rim) Phase (Altered rim) melt vein
SiO, 0.2 4.7 50.5 44.1
ALO, 5.0 5.9 1.6 0.1 4.9
TiO, 0.8 8.7 54.0 0.1 0.1 0.5
FeO 28.0 36.1 39.3 30.3 235 18.2
MnO 04 0.5 0.7 0.3 0.3 0.5
MgO 4.1 4.1 4.1 0.1 13.5 23.1
CaO 0.1 0.3 0.1 5.3
Na,O 0.1 1.0
K,O 0.1 0.1
Cr,0; 60.5 40.7 0.6 0.5 0.2 0.6
V,0, 0.6 0.5 0.4 0.2
NiO 0.1 0.1
P,0Os 0.1 223 0.5 0.7
Total 99.7 96.6 99.1 60.5 88.9 99.2
En
Fs
Wo
Magmatic inclusion in olivine
Low-Ca pyroxene High-Ca pyroxene Si-rich glass Si-rich glass
(Core) (Core) (Si-poor) (Si-rich)

SiO, 50.2 46.6 68.7 93.2
AlLO, 7.0 9.6 19.0 43
TiO, 0.6 29 0.6 0.4
FeO 14.9 7.4 0.8 03
MnO 0.6 0.4 0.1
MgO 24.2 12.5 0.3
CaO 1.3 19.1 1.7 1.3
Na,O 0.3 1.6
K,O 4.1
Cr,0, 0.2 0.2
V,0, 0.1 0.2 0.1
NiO
P,O; 0.1 0.5
Total 99.2 99.2 97.4 99.6
En 72.3 41.0
Fs 25.0 13.7
Wo 2.7 45.3
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poikilitic area has clearly higher concentration (0.4-0.9 wt%) than that in the poikilitic
area. Al is also more enriched, and AlL,O, ranges from 0.6 wt% to 1.3 wt%. However,
unlike low-Ca pyroxenes in the poikilitic area, an Al-Ti diagram (Fig. 13a) shows two
different trends for individual pigeonite grains in the non-poikilitic area. This trend is
due to complex zoning in Ti of the pigeonite in the non-poikilitic area. The first trend
is from high-Ti and medium-Al composition (TiO,: 0.7 wt%; Al;O;: 0.6 wt%) to medi-
um-Ti and medium-Al composition (TiO;: 0.4 wt%; AlLOs: 0.6 wt%). In such pigeonite,
TiO, decreases from 0.7 wt% to 0.5 wt%, but then increases to 0.6 wt% from the core

CaMg CaFe

oikilitic ~{Non-poikilitic

P

Mg : VY 3

Fig. 12.  Pyroxene quadrilateral showing pyroxene compositions of Y-793605,51-2.
Pyroxenes in the non-poikilitic area have clearly more Fe-rich composi-
tions than those in the poikilitic area. Note the coherent zoning trend of
compositions toward the Ca-poor and Mg-rich contents. Mg: enstatite, Fe:
ferrosilite, CaMg: diopside, and CaFe. hedenbergite.
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Fig. 13. a) Al vs Ti in low-Ca pyroxenes in Y-793605,51-2. The low-Ca pyroxenes in the poikilitic
area show a continuous trend toward the Ti-Al-rich contents, while those in the non-
poikilitic area are more Ti-rich and show two different trends.

b) Cr vs Ti in low-Ca pyroxenes in Y-793605,51-2. Cr contents do not show a clear con-
tinuous trend, unlike Al.
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to the rim, while Al monotonously increases toward the rim. Cr.O; in the low-Ca
pyroxene oikocryst increases from 0.3 wt% to 0.5 wt% towards the rim (Fig. 13b).
Cr zoning of the pigeonite in the non-poikilitic area does not show systematic change.
3.2.2. Olivine

Olivine is fairly uniform in major element composition in individual grains, but
different grains show a weak compositional variation from Fay to Fass. Olivines in
the non-poikilitic area is slightly more Fe-rich (Fas.3: Avg. Fass) than those in the
poikilitic area (Fa.1s: Avg. Fay) (Fig. 14). Olivines in the non-poikilitic area show a
tight distribution, whereas those in the poikilitic area show a wider bell-shaped dis-
tribution. Minor elements in olivines do not show significant difference between the
poikilitic and non-poikilitic area. CaO contents are nearly homogeneous or show slight
decrease from the core (0.3 wt%) to the rim (0.1 wt%). Unlike other achondrites,
olivine has up to 0.1 wt% NiO, indicating formation under oxidizing conditions. As
stated before, olivine is extensively altered along the outer edge and the interior cracks
(Fig. 4). Altered portion is enriched in Si, K and P, while poor in Fe and Mg. The
total sum of these portions is generally low (83-89 wt%) presumably due to presence
of unanalyzed elements like S.
3.2.3. Maskelynite

Maskelynite is weakly zoned in composition. No significant compositional dif-
ference can be observed from the maskelynites in both textures. The composition typ-
ically ranges from AnssAb, Or, to AngsAbsgOrs (Fig. 15). However, the real composi-
tion is probably more albite-rich due to Na loss during microprobe analysis. Minor
element zoning in maskelynites also does not show difference between the poikilitic
and non-poikilitic textures (Fig. 16). K increases toward the rim (K,O: 0.3-0.6 wt%).
FeO decreases from the core to the rim (0.6-0.3 wt%), but then increases (0.3-0.4

60
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. @ Non-poikilitic

30

% of Measurement

20

w0 | ’

22 25 30 35 38
Fayalite Content of Olivines

Fig. 14. Compositional distributions of olivines in Y-793605,51-2. Note that olivines
in the non-poikilitic area are more Fe-rich and show narrower distributions
than those in the poikilitic area. Data from 300 analyses of 105 individual
grains.
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Fig. 16a. Fe, Mg, and K zoning profiles of Y- Fig. 16b. Same as Fig. 16a but for non-poikilitic
793605 maskelynites in the poikilitic area.
area.

wt%). MgO decreases from 0.2 wt% to 0.1 wt% toward the rim.
3.2.4. Chromite

Chromites are up to 200 um in size in both textures and they are euhedral. They
also show chemical zoning toward the rim of ulvospinel-rich component (Fig. 17).
Chromites in the poikilitic area have 1 wt% TiO,, 5.5 wt% Al,O,, 25 wt% FeO, 6
wt% MgO, and 60 wt% Cr,O; in the core. At the rim, TiO, is 1.5 wt%, Al,O; is 7
wt%, FeO is 7 wt%, MgO is 6 wt%, and Cr,O; is 56 wt%. Chromites in the non-
poikilitic area have similar compositions. The largest chromite shows a wider range
of zoning than the others. TiO, is 1-9 wt% and Cr,O; is 60-40 wt%. The equilibra-
tion temperature deduced from Fe-Mg partitioning between olivine and chromite
included in olivine (K,=(Fe/Mg)*!/(Fe/Mg)""*) and Cr/(Cr+Al) ratio of chromite
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Fig. 17.  Atomic ratios of Cr (chromite), Al (Al-
spinel), and 2Ti (ulvospinel) for chromites in
Y-793605,51-2. Chromites in the non-poikilitic
are zoned toward the Ti-rich (ulvospinel) com-

ponent. Al | 2 Ti

suggests ca. 850-950°C (Enai, 1983). However, it is not clear whether this tempera-
ture is really equilibration temperature, because both olivine and chromite are cumu-
lus phase that might have no relation to each other.
3.2.5. Accessory phases

[Imenite contains up to 5 wt% MgO and 1 wt% Cr,Os. In the non-poikilitic area,
P-rich aggregates of very fine grains (<1 ym) are present (Fig. 11). Microprobe analy-
ses also show enrichment of Fe, but the beam must be overlapped. The total sum is
extremely low (60 wt%). Similar compositional phases are also observed as small iso-
lated laths in the non-poikilitic area.
3.2.6. Magmatic inclusions

Magmatic inclusions in the olivines usually contain Si-rich feldspathic glass and
Al-Ti-rich pyroxenes (Fig. 9). Si-rich glass observed in the inclusions can be separat-
ed into two groups. One group has about 60 wt% SiO,, and also contains 18 wt%
AlLOs, 1.5 wt% CaO, 2 wt% Na,O and 4 wt% K-O. Another glass is rich in SiO;
(S10:: 93 wt%) and contains 4 wt% Al,O; and | wt% CaO. Na,O and K,O are less
than 0.1 wt% in this glass. The presence of two different types of glass indicates lig-
uid immiscibility as suggested by HARVEY er al. (1993). The pyroxene in the mag-
matic inclusion has high Al (Al;Oy:~15 wt%) and Ti (TiO2:~3.5 wt%). The low and
high Ca pyroxene pair in the magmatic inclusion (Fig. 18) suggests an equilibration
temperature of ca. 950°C (LINDSLEY and ANDERSEN, 1983). However, this temperature
is somewhat uncertain due to high Al and Ti contents, and several different compo-
sitional pyroxenes are present. Chromite is rarely observed in the inclusion, but it con-
tains ~10 wt% Al,Os. Ilmenite has a nearly identical composition to that in the non-
poikilitic area.

3.3. X-ray diffraction study of pyroxene

A single pyroxene crystal (~500 uym in size) was analyzed by the single crystal
X-ray diffraction technique (precession camera) with Zr-filtered MoKa (A=0.7107A)
radiation. The pyroxene grain was mounted on a glass fiber using oxybenzon. The
(hk0)" and (hOl)" reciprocal nets were photographed by a precession camera with 0.1
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Fig. 18. Pyroxene quadrilateral showing pyroxene compositions in magmatic inclu-
sions enclosed by Y-793605 olivines. Several kinds of pyroxenes are pre-
sent. Some pyroxenes have extremely Wo-rich components. They are not
plotted in this figure, because they are out of the quadrilateral. Mg: ensta-
tite, Fe: ferrosilite, CaMg: diopside, and CaFe: hedenbergite.

Fig. 19. X-ray diffraction photo of (hOl)" plane by precession camera. Diffuse streaks of
reflections are characteristic due to shock.

mm slit. Exposure times were 53—-67 hours with 35 kV, 15 mA. The photos reveal
streaked reflections showing intense shock effects (Fig. 19). This observation is con-
sistent with the complete maskelynitization of the plagioclase, and the shock effect
affected mineralogy on not only macroscopic scale (e.g., faulted pyroxene twins) but
the atomic scale. We infer that this crystal belongs to a monoclinic crystal system.
The cell dimensions deduced from reflections on (4k0)" and (hOl)" planes give a: 9.4+
0.2A, b: 8.88+0.15A, ¢: 5.28+0.1A, f=108+0.5". Although these cell dimensions
have large errors due to obscure image of reflections, they indicate that this pyroxene
is augite. Microprobe analysis of this pyroxene also reveals that it is an augite of
Ens;Fs;;Wos0~Ens:Fs ;s Wo1,, suggesting that it came from a poikilitic area. The large
size of this augite also supports a poikilitic origin.
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4. Implications for Y-793605 Petrogenesis

It is obvious that Y-793605 is an igneous rock that contains abundant cumulus
phases of Mg-rich olivine and chromites. As stated before, olivines and chromites in
the non-poikilitic area have nearly identical compositions to those in the poikilitic area.
This indicates that these phases in the non-poikilitic area are also cumulus. However,
the olivine in the poikilitic area has a wider compositional distribution and is more
Mg-rich than that in the non-poikilitic area. We infer that olivine in the non-poikilitic
area experienced near-solidus or subsolidus re-equilibration after accumulation,
because these olivines maintained contact with Fe-rich interstitial melt. In contrast,
olivines surrounded by a pyroxene oikocryst had no chance to be highly re-equili-
brated. Pigeonites in the non-poikilitic area clearly have more Fe-Ca-rich composi-
tions than those in the poikilitic area (Fig. 12). The distinct chemical composition of
pigeonite between the poikilitic and non-poikilitic area is also apparent for minor ele-
ments (Fig. 13). Continuous zoning of major elements in the large pigeonite oikocryst
suggests a fractional crystallization in a closed system (Fig. 12). This is also seen from
Al and Ti zoning in Fig. 13a. The volume of the system must be fairly large. The
drop of Ti in the core of pigeonite from the non-poikilitic area (Fig. 13a) will reflect
co-crystallization of ilmenite, whereas increase of Ti at the rim will be due to end of
ilmenite precipitation or a larger effect of a small volume of the interstitial liquid.
However, more complex history is possible. It seems that pigeonites in the non-
poikilitic area formed from different compositional magma or by different igneous
processes because there is little overlap of chemical composition of both major and
minor elements between the poikilitic and non-poikilitic low-Ca pyroxene.
Maskelynites in the non-poikilitic area have almost the same composition as those in
the poikilitic area, and their zoning patterns of minor elements are quite similar (Fig.
16).

From mineralogy of major and minor phases in both poikilitic and non-poikilitic
areas, the inferred crystallization sequence of minerals observed in Y-793605 is as fol-
lows: First, initial crystallization of cumulus phases (olivine and chromite) from the
parent magma occurred. Then, low-Ca pyroxenes crystallized and then augite crystal-
lized. The pyroxenes grew into large oikocrysts, poikilitically enclosing cumulus phas-
es. Eventually, small interstitial melts were formed between the boundaries of
oikocrysts and it became non-poikilitic areas. Plagioclase began to crystallize from the
evolved melt along with pigeonite, and ongoing crystallization of pyroxenes caused
that the pigeonite in the non-poikilitic area is more Ca-Fe-rich than the oikocrysts.
Small amount of augite in the non-poikilitic area then formed. Finally, all phases espe-
cially in the non-poikilitic areas experienced re-equilibration. Olivine in the non-
poikilitic area became more Fe-rich and showed a narrower compositional distribu-
tion. The faulted pyroxene twins and maskelynitization of plagioclase were due to
impact after crystallization of Y-793605 whole rock. However, it is not clear whether
Y-793605 was ejected from Mars by this impact.
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5. Petrogenetic Relation to ALH77005 and LEW88516

It should be noted that Y-793605 shows strong affinities to previously known lher-
zolitic shergottites ALH77005 and LEW88516 in mineralogy and petrology (HARVEY
et al, 1993; TREIMAN et al., 1994; IKEDA, 1994). From many lines of evidence, Y-
793605 would follow a similar crystallization history to ALH77005 and LEW88516
whose formation model has been proposed by HARVEY er al. (1993). This model can
generally apply to Y-793605 as stated before. From mineral chemistry of olivine, Y-
793605 resembles LEW88516 rather than ALH77005. Fe-rich olivine of Y-793605 in
the non-poikilitic area shows a closer relationship to LEW88516 than ALH77005,
because LEW88516 olivines in the non-poikilitic area also have a wider compositional
distribution (Fasy4) and are more Fe-rich (avg. Fass) than those in the poikilitic area
(avg. Fay ) (HARVEY et al., 1993; TREIMAN et al., 1994). On the other hand, ALH77005
olivines do not show compositional difference between the poikilitic and non-poikilitic
areas (HARVEY et al., 1993; TREIMAN et al., 1994). Low-Ca pyroxene compositions of
Y-793605 in the poikilitic area are more Fe-rich than those of ALH77005, and near-
ly correspond to those of LEW88516 in Fig. 4 of HARVEY et al. (1993). However, Y-
793605 does not contain Ca-Fe-rich low-Ca pyroxenes as shown in LEW88516 pyrox-
ene plots in Fig. 4 of HARVEY et al. (1993) and Fig. 3 of TREIMAN et al. (1994).
TREIMAN et al. (1994) shows a nearly identical compositional trend between ALH77005
and LEW88516 lowest-Ca pyroxenes. From these comparisons, it is difficult to indi-
cate closer similarity of Y-793605 pyroxenes to ALH77005 or LEW88516 pyroxenes.
Indeed, pyroxene equilibration temperature of Y-793605 in the poikilitic area is near-
ly identical to those of ALH77005 and LEW88516 pyroxenes (HARVEY et al., 1993;
IsHi, 1979), although these temperatures might bear some errors. Maskelynite com-
positions of Y-793605 are almost equal to those of ALH77005 and LEW88516.

As discussed above, many lines of evidence show similarity of Y-793605 to
ALH77005 and LEW88516. However, it is difficult to conclude that Y-793605 is paired
with ALH77005 or LEW88516 in the sense that Y-793605 originated in the same
strewn field because Y-793605 is slightly distinct from them in mineral chemistry. The
largest difference of Y-793605 mineralogy from both ALH77005 and LEW88516 is
that Y-793605 does not contain Ca phosphates, although a local sample heterogeneity
can not be ruled out. It will be very difficult that the meteorite found in Yamato
Mountains are paired with those from Allan Hills and Lewis Cliff, because Yamato
Mountains is more than 3000 km apart from Allan Hills and 2500 km from Lewis
Cliff. However, it is possible that Y-793605 originated from the same igneous body
in Mars as ALH77005 and LEW88516 did, and was excavated by the same shock
event. From this point of view, all three meteorites could have originated from the
same geological source in Mars. The difference of Y-793605 from ALH77005 and
LEWS88516 is quite minor, and HARVEY et al. (1993) and TREIMAN et al. (1994) dis-
cussed the same origin of ALH77005 and LEW88516 in Mars. Thus, it can be con-
cluded that Y-793605 has originated from the same igneous body or rock as ALH77005
and LEW88516.



Yamato-793605: A New Lherzolitic Shergottite 59

6. Conclusions

(1) Y-793605 is a new martian meteorite identified in the Japanese Antarctic mete-
orite collection, and it can be classified as a lherzolitic shergottite.

(2) Y-793605 is mainly constituted of a poikilitic texture, and partly contains a
non-poikilitic area. A large pyroxene oikocryst encloses rounded olivine and euhedral
chromite aggregates. The non-poikilitic areas are distinct from the poikilitic ones
because they contain abundant maskelynite.

(3) Olivines are not zoned and generally Mg-rich (Fay.1s). Olivine in the non-
poikilitic area is more Fe-rich and shows a narrower distribution than that in the
poikilitic area. Pyroxenes in the non-poikilitic area are also more Fe-rich than those
in the poikilitic area. Augites are usually present along the rim of the oikocryst in the
poikilitic area. Equilibration temperature of pyroxene pairs indicates approximately
1150°C. Olivine sometimes contains trapped magmatic inclusions that are mainly com-
posed of Si-rich glass and Al-Ti-rich pyroxenes.

(4) X-ray diffraction study of pyroxene shows intense shock, which is compati-
ble with the presence of maskelynite, faulted pyroxene twins, and undulatory extinc-
tion of pyroxenes and olivine.

(5) The crystallization sequence of minerals in Y-793605 is considered to have
begun by initial crystallization of olivine and chromite. Then, low-Ca pyroxenes poiki-
litically grew enclosing cumulus phases (olivine and chromite) with later augite, and
became a large oikocryst. Eventually, small interstitial melts formed between the
oikocryst boundaries, and plagioclase began to crystallize from the melt along with
pigeonite. Minor augite then crystallized in the non-poikilitic area. Finally, all phases
experienced re-equilibration.

(6) Y-793605 shows close affinities to previously known lherzolitic shergottites,
ALH77005 and LEW88516. Olivine composition of Y-793605 is nearly identical to
that of LEW88516, and very similar to that of ALH77005. Pyroxene and maskelynite
compositions are almost the same among the three. However, Y-793605 does not con-
tain Ca-phosphates, unlike ALH77005 and LEW88516. Although it is difficult to con-
sider that Y-793605 is paired with ALH77005 or LEW88516 in the sense that Y-
793605 arrived in the same fall with them, we infer that Y-793605 originated from
the same igneous body or rock in Mars as ALH77005 and LEW88516.
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