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Abstract Petwgraphy and mineral chen sty of four cathbonaceous chondrites (GRV
020017, GRV 020025 GRV 021579, GRV 022459) lkcted frm the Grove
M ountains (GRV ), Antarctica were reported here A1l four chondrites are unequilr
brated as indcated by well shaped chondmles and the chan ical variatons of olvine
and low-Capyroxene The modal abundance ratio of matrx/chonduk are 2 ( GRV
020017), 2 8(GRV 020025), 1 2(GRV 021579), 1 (GRV 022459). GRV
022459 has the laigest chondrules(0 6—2 Omm). A total of 30 Ca-A l-rich neclu-
sbnswere found n the four meteorites M ost inclusions were highly altered wih a
bundant phylbs ilicates in the nclisbns of GRV 020017 and GRV 020025 On the

base of petwography and mineral chen stry these chondrites are classified as (M 2

(GRV 020017 and 020025), CO3 (GRV 021579) and CV3 (GRV 022459).

Keywords cabaonaceous chondrites petwogrmaphy and m neral chemisty CA
chssificaton, A ntarctica

1 Introduction

Carbonaceous chondrites are the prin ordialm atter of the solar system. A lthough few
in number they have an inportant position in them odels ofm eteorolite and planet There
are seven groups which range fran C] which 99 percentw ater-rich matrx, to CK and CH,
which have none CH is abnomally metal-rich (M and CR groups have snall and large
chondrules respectively, set in hydwous matrk CO and CV groups have snall and large
chondrules respectively set n olivhe-richmatrix Ca; A Frich inclusions ( CAls) are
the m ost extensively studied can ponents of carbonaceous chondrites and they have various
characters in various chemical groups

Since the first discovery of 9m eteorites on blue ice n Antarctica by the Japanese Ant
arctic R esearch Expeditbn n 1969 Antarctica has becan e the most meteorite-rich region
in theworld' '"?. Besile the large nunber many new or rare types ofm eteorites have been
found n Antarctica i e martanm eteorited * carbonaceous chondrites ironm eteorites
HED m eteorit¢”! et al GroveM ountains consist of 64 nunataks and locate at the eastemn
Antarcticd ”. A fter the fist discovery of 32m eteorites fran G rove M ountains reg b, Ant
arcticd”™ ™, another 4448 m eteorites were collected fran the sam e region by the 19th Chr



Petwgraphy and m memal chem istry of4 catbonaceous chondrites from .. 167

nese A niarctic Research Expedition (CHINARE)'. In this paper w e report petrography
and m ineral chem istry of 4 caibonaceous chondrites can e fran hese m eteorites and their

chem icalpetrographic types are assgned
2 Samples and Experin ents

One polished thn section was prepared for each of he 4 carbonaceous chondrites The
surface areas of the sections are 0. 57 an’ (GRV 020017), 1. 2 an”®(GRV 020025), Q 62
an’ (GRV 021579) and Q 29 an®(GRV 022459), respectively.

Textural observations were carried out using an optical microscope and n back-scat
tered electron ( BSE) mage model of an electronic probe m icroanalyzer ( EPMA) type JE-
OL 8800 in the Laboratory ofE lectron M icroscopes Zhongshan University and type CAM E-
CA SX51 n the Institute of G eology and G eophysics Chinese A cadeny of Sciences Ber
jing Quantitative analyses ofm nerals were conducted using the sane EPMA. The operat
ing conditions were 20 nA and 15kV, and the standardsw ere silicates and oxides Peak o
verlapping of Ka lines by KB lines of sane successive elanentsw ere corrected such asV
byTji andMnbyCr Analyses datawere treated usng the conventonal ZAF m ethod Mo~
dal abundances ofmetalFeeNj chondrule matrx and CA Iwere calculated fran surface ar
eas of the phase in BSE m ages of the sections

3 Results and discussion
3.1 GRV 020017

Figure 1a is a back-scattered electron ( BSE) m age m osaic of GRV 020017 consis
tingmainly of phyllosilicatessbearing m atrix ( 66 vo% ) and snall chondrules (33 vo%,
50—300m). GRV 020017 has very shape outlined chondmles canmon textural types of
the chondrules are porphyritic olivine (PO), porphyritic olivine and pyroxene (POP), and
granu lar olivne and pyroxene (GOP). M odal abundance ofmetallic FeN i and sulfide is 1
8 volbo. 3 CAls and sane am oeboil olivne aggregates (AOA s) were found n the sectbn
The total surface of three CA Is is Q 05mm’, giving am odal abundance of Q 1 volo (Ta
ble 1). Two out of three CAls are classified as Type A -like inclusions (Type A: m elilite-
spnekrich CA] TypeA-lke alterred Type A). Boh mnclusions are irregular and loose as
seamb lages that consist of cores of fine-gramed spnel and needle-shaped phyllosilicates can
be found n CAls The other CAT are classified as Spinel-pyroxene-rich nchisions

Table 1. Petrogmaphy characters of four cabonaceous chondrites
Modal Modal M odal

. D ian eter of chon- Type of Number Matk /
M eteo rites Type JE abundance of abun dance abundance of
P drules (Hm) chond mles diandrules( vobb ) of CA 1 of CA 1 ( volb ) martix( volb ) diondrule
GRV 020017 M2 50-300 GOP PO POP 33 3 Q1 66% 2
GRV 020025 M2 < 50Q 100-300 GOP PO POP BO 26 11 029 7% 28
GRV 021579 CO3 30-100 350-600 GOP PO POP BO 45 13 0 81 5% L2
GRV_ 022459 CV3 600-2000 GOP PO BO 50 3 018 S0% 1

O livine and low-Ca pyroxene in GRV 020017 show large variations in canpositions
(Table 2 3). Fayalite (Fa) content of olivine ranges fran 0. 2 t094mo¥, with an aver
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Fig 1 Back-scattered electon i age mosaic of Hbur catbonaceous chondrites N ote very shape-outlned chon-
dmles The scale bars are 1 Omm. ( a) GRV 020017 a(M 2 chondrite Note small chondrules and
I undance ofm atri a chondrite Note small chondwles and h igh abun-
high abund. fm atr b) GRV 0200 (M 2 chondrite N ot 11 chondl d h igh ab
dance of matrk A ccretionary rins on chondmles are canmon ( ¢) GRV 021579 a CO3 chondrite
shows wo clisters of large and snall chonduks and higher abundance of chondrules than that in GRV
020017 and GRV 020025 ( ¢) GRV 022459 hasmuch larger chondm ks and anoeboil olvine aggre
gates (AOAs) than that of he above threemeteorites It 5 a CV3 chondrite
Table2  Representative election m icopwbe analyses of olivine (w0 )
th:’f Type "‘l'u'fn‘lyj: S0, TD, A0, Cro, FoO NiO M 10 MO co Na0 K0  Fa(mobe) IMD
GRV <5 <10 <40 00407 02R <005 <06 0058 0% <005 hd 0 294
2oor7 M2 2 a1 *10¢ 1402 o03*08 o03%f02 stil bd 0201 45+13 30l bhd b d 124 163
GRY a2 s 743 <05 <21 0144 06¥ <02 <06 2% 0135 <02 <007 07483 g
020025 4013 0041008 02103 04306 812 000 02%0.1 48F10 04206 003006 bhd 9
GRY on ®42 <008 <06 0206 0646 bd 00406 12-5% 00506 <01 <00 0665
021579 39+4 bd o1F01 04%01 ]6 +17 b d 0302 4£*i5 03t01 0033004 b d 20 1o
GRV . 370420 <01 <12 <10 00503 -5 00903 <007 <005 22-22
2259 €V3 » 405£10 1%01 014004 49%4 82i716 002+00501+004 ©*4  02%005 044002 b d 8.7 »

Note ¥ -quantialy canalws range oTmimenls & average of quantialy canayws Estandand deviaton - avemge of Fa b - TeTov detectod.

age of 12molo. The percentmean deviation (PMD) of Fa values is 163% . Low-Ca py
roxene show s wider range of ferrosilite ( F's) content (Q 4—14mobs ), with an average of
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Table 3 R epresen tative election m icropmwbe analyses of bw-Ca pymoxene (w % )

“ 0 Ty \:;‘IJI‘_‘: S0, TD, A0, Cr0, FO NiO M 10 MO coO Na0 KO  Fqmolk) IMD
<R\ ™2 3 4160 <02 <13 0109 0590 <0(1s 002—06 31-5% 016 <005 <00 0 414 18
020017 N 53%8 009+o 07 0. s *04 0502 2185 $1s 05103 b d b d 2.8
GRV 15 6 342 <0, 06 <09 0204 0613 02 <0|4 385 0.2-04 <02 <005 06164 o
020025 4013 00410.03 0.2103 03008 3t46 00(+0 101005 s51x6 0301 0034006 b d 38
GRY (o3 4 3741 b <006 0307 603 <00 <04 3252 0.10.3 <01 b d 60344 4
021579 7 9t1s b 1 b d 04102 20%9 bd b d 40 %7 24007 00330.04 b d 23
GRV o 5 40.7417 <02 0109 0849 bd <0 14 52-55 0203 <007 <00 0850 o
n2459 “ 413104 007+0040|+0| 0502 2545 bd 01005 3f1 02F005 0 ¥A0. 02 hd 25

2 8mobo and PMD of 128% (Table 2, 3). The highly heterogeneous m neral chem istry
confims that GRV 020017 is a typical unequilbrated chondrite GRV 020017 contans
anall chondrules n phyllosilicate-bearngmatrk The sizes of chondrules ( 50-300m) and
m odal abundance ratio of matr /chondrule (2) are typical of (M 2 chondrites but distin-
guished fran CO3 CV 3 and other cathonaceous chondrites A queous alteratbn is canm on
for CAIs n (M2 chondrited """, The canmon occurrence of phyllosilicates in matrx and
CAls further confims thatGRV 020017 is a (M2 chondrite

3.2 GRV 020025

Figure 1b is a back-scattered electron ( BSE) m age m osaic of GRV 020025 consis
tingm ainly of phyllosilicatesbearing m atrix ( 72 vo% ) and snall chondrules (26 vo%o,
<500 m andmost 100—300m n diameter). M ost chondules have accretionary rms  and
they are FeO-poor n chen ical canposition (Type I). Canmon textural types of the chon-
dwles are barred olivihe (BO), PO, POP. and GOP. Metallic FeNi is rare (~ Q 12
volo ), and modal abundance of sulfide is L 3 vo%. Eleven CaAlrich inclusions
(CA Is) were found n the sectbn The total surface of these CA Is is 0. 35 mm® giving a
modal abundance ofQ 29 vo% (Table1). Six out of 11 CAls are classified as Type A -lke
inclusbns with a size range of 80—500m. A 1l of these inclusions are highly irregu lar and
loose assemblages of concentrically zoned ob jects that consist of cores of fine-graned spnel
and needle-shaped phylbsilicates and rm s ofCa-pyroxene Spinelpyroxenerich inclusions
are the second m ost abundantCA Is mGRV 020025 with 4 nchisions found n the secton

Only a spinel spherule was found in the section' .

O livine and low-Ca pyroxene in GRV 020025 show large variations in canpositions
(Table2 3), too Fa content of olivine ranges fran Q 7 to 48 3 mobVb, wih an average
of9 Omo%. PMD of Favalies is 158% . Fa content of olivine in chondrules ranges fran
0 8 tol Imobo (exceptfor one analsisof4 7wt ). However Fa content of olvine n
m atrix ranges fran Q 7 to 48 3 molb. Low-Ca pyroxene show sw der range of F's content
(Q 6—16. 4molo ), with an average of 3 8 molle and PMD of 1500 (Table 2 3).

GRV 020025 is sm ilarw ith GRV 020017 contans snall chondrules in phyllosilicate-
bearngmatrk The sizes of chondrules (most 100—300m) andm odal abundance ratio of
m atrix /chondmle (2 8) are typical of (M2 chondrites The canm on occurrence of phyllo-
silicates m matrx and CA Is further confim s that GRV 020025 is a (M 2 chondrite too

3.3 GRV 021579

This chondrite contans much more abundant chondrules,and less m atrix han GRV
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020017 and 020025 (Fg 1c¢) wih amodal abundance ratio of 1L 2 Size distribution of
chondrules appears bmodal with a peak at 350—600 m and another peak at 30-100 m.
Canm on textural types of the chondrules are BO, PO, POP, and GOP. M etallic FeN i and
sulfiles are rare (Q 4 volk ). Thirteen CAlswere found in the secton'”!, including 4
Type A-like 8 spinel-pyroxene-rich inclusons and 1 spnelspherule and they have a total
surface ofQ 50 mm2 ndicating amodal abundance of Q 81 vo% (Table 1).

Fa content ofolivhe n GRV 021579 ranges fran Q 6 to 65mo%, with an average of
20mo% . PMD ofFavalues is 11000. Low-Ca pyroxene show s wider range of F's content
(6 0—34 4molob ), with an average of 22 3mo¥% and PMD of46% (Table 2 3).

Chondrules in GRV 021579 shov a bmodal patiem of size distrbution w ith a peak at
350-600 m and anoher one at 30— 100m. The gn aller size peak iswithn the range of CO3
chondrites and the larger one is distinctly snaller than CV 3 chondrules Them odal abun-
dance ratio of matrx/chondrules (1 2) is within the ranges of CO3 and CV3 butmuch
lower than that of (M2 A ccodingly GRV 021579 is classified as a CO3 chondrite but

w ith abundant large chondmles
3.4 GRV 022459

Shovn nFig 1d chondmules and an oeboid olivine aggregates (AOA s) are much lar
ger n GRV 022459 (Q 6—2 Omm) than n GRV 020017 020025 and 021579 Canm on
textural types of the chondrules are BO, PO and GOP Abundance ratio of
m atrix/ chondrules+ AOAs is 1 O M odal abundance ofm etallic FeN i and sulfides is 6 0
volo. Three CAls with a total surface ofQ 053 mm?2 were found in the section sugges
ting am odal abundance of @ 18 vo% (Table 1). A llof the three CA Is are Type A -liké "',
A nother rem arkable feature is the presence of abundantAOA s A part of AOA s have refrac
tory cores consisting of anorthite and/or Ca-pyroxene and/or spine] referred to as refractory
AOAs

Fa content ofolivihe n GRV 022459 ranges fran 2 2 to 22mo%, with an average of
8 Tmolo. PMD ofFa values is 5% . Low-Ca pyroxene show s wider range of F's content
(@ 85 Omo% ), wih an average of 2 Smobb and PMD of 59. Fbo (Table 2 3).
GRV 022459 and 021579 have the less PMD than GRV 020017 and 020025 indicate hat
they have the m ore hanogeneous canpositbns of olwvine and Low-Ca pyroxene than GRV
020017 and 020025

GRV 022459 appears as a typical CV 3 chondrite It has the largest chondrules of he
fourmeteorites and the sizes of chondrules (Q 6—2 Omm) are within the range of CV3
(~ 1mm). The observed abundance ratio ofmatrx/chondrules+ AOAs (1. 0) is consist
entw ith the classification of CV3 I addition the intense alteration of CAIs and the FeO-
enrichm ent of spnel n GRV 022459 are sinilar 1o CAls n oxdized CV3'"', but dis
tinct fran those n other reduced subtype This is supported by the rareness ofm etallic Fe-
Ni in themeteorite W e classify GRV 022459 as an ox dized CV3 chondrite
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4 Conclusions

The highly heterogeneous m neral chen istry and very shape-outlined chondrules con-
fims that all four chondrites are typical unequilbrated chondrite H owever GRV 021579
and 022459 have them ore han ogeneous canpositions of olvine and Low-Ca pyroxene than
GRV 020017 and 020025.

A ccording to the petrography and mineral chen istry of the four cabonaceous chon-
drites chem icalpetrographic types were assgned GRV 020017 and 020025 are (M 2

GRV 021579 s CO3 GRV 022459 sCV3
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