
Chinese Journa l o f Polar Sc ience, Vo.l 20, No. 2, 166 171, Decem ber 2009

Petrography andm ineral chem istry of 4 carbonaceous chondrites

from theGroveM ountains, Antarctica

Dai Deqiu(戴德求 ) 1 andW ang D aode(王道德 ) 2

1 Institu te of G eology, Hunan University of Science and Techno logy, X iang tan 411201, China

2 Guangzhou Institute of Geochem istry, Ch inese A cad emy of S ciences, Guangzhou 510640, China

Rece ived August 24, 2009

Abstract Petrography and m inera l chem istry o f four ca rbonaceous chondr ites ( GRV

020017, GRV 020025, GRV 021579, GRV 022459) co llected from the Grove

M ounta ins ( GRV ), Antarctica, w ere reported here. A ll four chondrites a re unequ ili

b rated, as ind icated by well shaped chondrules and the chem ica l variations of o liv ine

and low C a pyroxene. The m odal abundance ra tio of m atr ix / chondru le are 2 ( GRV

020017), 2. 8 ( GRV 020025), 1. 2 ( GRV 021579 ), 1 ( GRV 022459 ). GRV

022459 has the largest chondrules( 0. 6 2. 0 mm ). A tota l of 30 Ca A l r ich inclu

sions w ere found in the four meteo rites. M ost inclusions w ere highly a ltered, w ith a

bundant phy llos ilicates in the inc lusions o f GRV 020017 and GRV 020025. On the

base o f petrography and m inera l chem istry, these chondrites a re c lassified as CM 2

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

Keywords carbaonaceous chondrites, pe trog raphy and m ineral chem istry, CA I,

c lassification, Antarctica.

1 Introduction

Carbonaceous chondrites are the prim ordia lm atter o f the solar system. A lthough few

in number, they have an important position in them odels o fm eteorolite and plane.t There
are seven groups wh ich range from CI, wh ich 99 percentw ater rich matr ix, to CK and CH,

wh ich have none; CH is abnorm ally m etal rich. CM and CR groups have small and large

chondrules, respectively, set in hydrous matr ix. CO and CV groups have small and large
chondrules, respective ly, set in oliv ine rich m atrix. Ca, A l r ich inclusions ( CA Is) are

the m ost extensively stud ied com ponents o f carbonaceous chondrites, and they have various
characters in var ious chem ical groups.

S ince the first d iscovery of 9m eteorites on b lue ice in An tarctica by the Japanese An t

arctic R esearch Exped ition in 1969, An tarctica has becom e the most meteorite r ich region
in thewor ld[ 1- 2] . Beside the large number, many new or rare types ofm eteorites have been

found in Antarc tica, .i e. m artianm eteorites[ 3- 4] carbonaceous chondr ites, ironm eteor ites,
HED m eteorite[ 5 ] et al. G roveM ounta ins consist o f 64 nunataks, and locate at the eastern

A ntarctica[ 6] . A fter the first d iscovery of 32m eteorites from G roveM ountains reg ion, An t
arctica[ 7 - 8 ] , another 4448 m eteor ites were collec ted from the sam e region by the 19 th Ch i



nese A ntarctic Research Exped ition ( CH INARE) [ 9] . In th is paper, w e report petrography
and m ineral chem istry of 4 carbonaceous chondrites com e from these m eteor ites, and their

chem ical petrograph ic types are assigned.

2 Samples and Experim ents

O ne polished th in section was prepared for each of the 4 carbonaceous chondrites. The

surface areas of the sections are 0. 57 cm 2 ( GRV 020017), 1. 2 cm 2 ( GRV 020025), 0. 62
cm2 ( GRV 021579) and 0. 29 cm 2 ( GRV 022459), respectively.

Textura l observations were carried ou t using an optica l m icroscope and in back scat
tered electron ( BSE) image model of an electron ic probe m icroanalyzer ( EPMA ) type JE

OL 8800 in the Laboratory ofE lectronM icroscopes, Zhongshan Un iversity and type CAME

CA SX 51 in the Institu te of G eology and G eophysics, Ch inese A cademy of Sciences, Bei
jing. Quan titative analyses ofm inerals were conducted using the same EPMA. The operat

ing conditions were 20 nA and 15 kV, and the standardsw ere silicates and oxides. Peak o
verlapp ing ofK lines by K lines of some successive elem en ts w ere corrected, such as V

by T ,i andM n by Cr. Analyses data were treated using the conventional ZAF m ethod. Mo

dal abundances ofm eta lFe N ,i chondru le, matr ix and CA Iwere calcu la ted from surface ar
eas of the phase in BSE im ages of the sections.

3 Results and discussion

3. 1 GRV 020017

F igure 1a is a back scattered electron ( BSE ) im age m osaic of GRV 020017, consis
ting m ain ly of phyllosilicates bearing m atrix ( 66 vo%l ) and sm all chondrules ( 33 vo%l ,

50 300m ). GRV 020017 has very shape ou tlined chondru les, common textura l types of
the chondru les are porphyr it ic o liv ine ( PO ), porphyritic o liv ine and pyroxene ( POP), and

granu lar o liv ine and pyroxene ( GOP). M odal abundance ofmeta llic Fe N i and su lfide is 1.

8 vo%l . 3 CA Is and some am oeboid oliv ine aggregates ( AOA s) w ere found in the section.
The total surface of three CA Is is 0. 05mm2, g iv ing am odal abundance of 0. 1 vo%l ( T a

ble 1). Two ou t of three CA Is are classified as TypeA like inclusions ( Type A: m elilite
sp inel rich CA I; TypeA like: a lterred Type A ). Both inclusions are irregu lar and loose as

semb lages that consist of cores of fine gra ined sp inel and needle shaped phyllosilicates can
be found in CA Is. The other CA I are classified as Spinel pyroxene r ich inclusions.

Table 1. Petrog raphy characters o f four cabonaceous chondr ites

M eteo rites Type D iam eter of chon
dru les ( m )

Type of
chondru les

M oda l
abundance o f

chondru les( vo%l )

Number
of CA I

M oda l
abundance

of CA I ( vo%l )

M odal
abundance of

m artix( vo%l )

M a tr ix /
chondru le

GRV 020017 CM 2 50 300 GOP PO POP 33 3 0. 1 66% 2
GRV 020025 CM 2 < 500, 100 300 GOP PO POP BO 26 11 0. 29 72% 2. 8
GRV 021579 CO3 30 100, 350 600 GOP PO POP BO 45 13 0. 81 54% 1. 2
GRV 022459 CV3 600 2000 GOP PO BO 50 3 0. 18 50% 1

O liv ine and low Ca pyroxene in GRV 020017 show large varia tions in compositions

( T ab le 2, 3). Fayalite ( Fa) content o f o liv ine ranges from 0. 2 to 94mo%l , w ith an aver
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Fig. 1 Back sca ttered e lectron mi age mosaic o f four carbonaceous chondr ites. N ote very shape outlined chon

dru les. The scale bars are 1. 0 mm. ( a) GRV 020017, a CM 2, chondr ite. Note sm all chondrules and

h igh abundance o fm atr ix. ( b) GRV 020025, a CM 2 chondrite. Note sm all chondrules and h igh abun

dance of m atr ix. A ccre tionary rmi s on chondrules are comm on; ( c) GRV 021579, a CO3 chondrite,

show s tw o c lusters o f large and sm all chondru les, and h igher abundance o f chondrules than tha t in GRV

020017 and GRV 020025; ( c) GRV 022459 has much larger chondru les and am oebo id o liv ine aggre

ga tes ( AOAs) than that of the above threem eteor ites. It is a CV3 chondrite.

Table 2. Represen tative e lectron m icroprobe ana lyses of o liv ine ( w %t )
Me teo

rite s
Type Ana lysis

numbe r
SiO 2 T iO 2 A l2O 3 Cr2O3 FeO N iO M nO MgO C aO Na2O K2 O Fa (mo%l ) PMD

GRV
020017 CM 2 32

< 59*

41 ! 10
&

< 1. 0
0. 1! 0. 2

< 4. 0
0. 3 ! 0. 8

0. 04 0. 7
0. 3! 0. 2

0. 2 32
8! 11

< 0. 05
b. d.

< 0. 6
0. 2! 0. 1

0. 03 58
45 ! 13

0. 1 59
3 ! 11

< 0. 05
b. d.

b. d.
b. d.

0. 2 94
12# 163

GRV
020025

CM 2 55 27 43
40! 3

< 0. 5
0. 04! 0. 08

< 2. 1
0. 2 ! 0. 3

0. 1 4. 4
0. 4! 0. 6

0. 6 39
8! 12

< 0. 2
0. 02 0. 03

< 0. 6
0. 2! 0. 1

21 56
48 ! 10

0. 1 3. 5
0. 4! 0. 6

< 0. 2
0. 03 ! 0. 06

< 0. 07
b. d.

0. 7 48. 3
9

158

GRV
021579 CO3 27

28 42
39! 4

< 0. 08
b. d.

< 0. 6
0. 1 ! 0. 1

0. 2 0. 6
0. 4! 0. 1

0. 6 46
16 ! 17

b. d.
b. d.

0. 04 0. 6
0. 3! 0. 2

12- 56
42 ! 15

0. 05- 0. 6
0. 3! 0. 1

< 0. 1
0. 03 ! 0. 04

< 0. 04
b. d.

0. 6- 65
20 110

GRV
022459 CV3 26

37. 0 42. 0
40. 5! 1. 0

< 0. 1
1 ! 0. 1

< 1. 2
0. 1 ! 0. 04

< 1. 0
49 ! 4

2. 1 19
8. 2 ! 4. 6

< 0. 3
0. 0. 2! 0. 05

0. 05 0. 3
0. 1! 0. 04

39- 53
49 ! 4

0. 09- 0. 3
0. 2 ! 0. 05

< 0. 07
0. 04 ! 0. 02

< 0. 05
b. d.

2. 2- 22
8. 7 59

Note: * quantit at iv e ana ly se s range o fminera ls; & average of quantit at iv e ana ly se s ! standa rd devia tion; # avera ge of Fa; b. d. be low de tected.

age of 12m o%l . The percen tm ean devia tion ( PMD ) of Fa values is 163% . Low Ca py

roxene show s w ider range of ferrosilite ( Fs) content ( 0. 4 14mo%l ), w ith an average of

168 Da i Deq iu andW ang Daode



Table 3. Represen tative e lectron m icroprobe ana lyses of low Ca pyroxene ( w %t )
Me teo

rite s
Type Ana lysis

numbe r
SiO 2 T iO 2 A l2O 3 Cr2O3 FeO N iO M nO MgO C aO Na2O K2 O F s(m o%l ) PMD

GRV
020017

CM 2 13 41 60
53! 8

< 0. 2
0. 09! 0. 07

< 1. 3
0. 5 ! 0. 4

0. 1 0. 9
0. 5! 0. 2

0. 5 9. 0
2. 1 ! 2. 5

< 0. 05
b. d.

0. 02 0. 6
2 ! 0. 2

31 56
43 ! 8

0. 1 1. 6
0. 5! 0. 3

< 0. 05
b. d.

< 0. 02
b. d.

0. 4 14
2. 8

128

GRV
020025 CM 2 6

33 42
40! 3

< 0. 06
0. 04! 0. 03

< 0. 9
0. 2 ! 0. 3

0. 2 0. 4
0. 3 ! 0. 08

0. 6 13
3! 4. 6

< 0. 2
0. 06! 0. 1

< 0. 14
0. 1! 0. 05

38 55
51 ! 6

0. 2. 0. 4
0. 3! 0. 1

< 0. 2
0. 03 ! 0. 06

< 0. 05
b. d.

0. 6 16. 4
3. 8 150

GRV
021579

CO3 4 37 41
39 ! 1. 5

b. d.
b. d.

< 0. 06
b. d.

0. 3 0. 7
0. 4! 0. 2

6. 0 30
20 ! 9

< 0. 03
b. d.

< 0. 4
b. d.

32 52
40 ! 7

0. 1 0. 3
2 ! 0. 07

< 0. 1
0. 03 ! 0. 04

b. d.
b. d.

6. 0 34. 4
22. 3

46

GRV
022459 CV3 5

40. 7 41. 7
41. 3! 0. 4

< 0. 1
0. 07! 0. 04

< 0. 2
0. 1 ! 0. 1

0. 1 0. 9
0. 5! 0. 2

0. 8 4. 9
2. 5 ! 1. 5

b. d.
b. d.

< 0. 14
0. 1! 0. 05

52 55
53 ! 1

0. 2 0. 3
0. 2 ! 0. 05

< 0. 07
0. 04 ! 0. 02

< 0. 04
b. d.

0. 8 5. 0
2. 5 59. 5

2. 8 mo%l and PMD of 128% ( Table 2, 3). The h igh ly heterogeneous m inera l chem istry

con firms that GRV 020017 is a typ ical unequ ilibrated chondrite. GRV 020017 conta ins

sm all chondru les in phyllosilicate bearing matr ix. The sizes of chondrules ( 50 300m ) and
m odal abundance ratio of matr ix /chondrule ( 2) are typical o f CM 2 chondr ites, but d istin

gu ished from CO 3, CV 3 and other carbonaceous chondrites. A queous alteration is comm on

for CA Is in CM2 chondrites[ 10 11] . The common occurrence of phyllosil ica tes in matr ix and

CA Is further confirm s thatGRV 020017 is a CM2 chondrite.

3. 2 GRV 020025

F igure 1b is a back scattered electron ( BSE) im age m osaic of GRV 020025, consis

ting m ain ly of phyllosilicates bearing m atrix ( 72 vo%l ) and sm all chondrules ( 26 vo%l ,

< 500 m andmost 100 300m in d iameter) . M ost chondrules have accre tionary rim s, and
they are FeO poor in chem ical composition ( T ype I). Common textura l types of the chon

dru les are barred oliv ine ( BO ), PO, POP, and GOP. M etallic Fe N i is rare ( ~ 0. 12

vo%l ), and m odal abundance of su lfide is 1. 3 vo%l . E leven Ca A l rich inclusions

( CA Is) were found in the section. The total surface of these CA Is is 0. 35 mm 2, g iv ing a

m odal abundance of 0. 29 vo%l ( Table 1). S ix out of 11 CA Is are classified as TypeA like
inclusions, w ith a size range of 80 500m. A ll o f these inclusions are highly irregu lar and

loose assemb lages of concen trically zoned ob jects that consist o f cores of fine gra ined sp inel

and needle shaped phyllosil ica tes and rim s ofCa pyroxene. Spinel pyroxene r ich inclusions

are the secondm ost abundan tCA Is inGRV 020025, w ith 4 inclusions found in the section.

O n ly a spinel spheru le was found in the section
[ 12]

.
O liv ine and low Ca pyroxene in GRV 020025 show large variations in compositions

( T ab le 2, 3), too. Fa content of o liv ine ranges from 0. 7 to 48. 3 mo%l , w ith an average

of 9. 0m o%l . PMD of Fa values is 158% . Fa con ten t of o liv ine in chondru les ranges from

0. 8 to 1. 1m o%l ( except for one analysis of 4. 7w %t ). However, Fa con tent of oliv ine in

m atrix ranges from 0. 7 to 48. 3 mo%l . Low Ca pyroxene show s w ider range of Fs con ten t
( 0. 6 16. 4 mo%l ), w ith an average of 3. 8 m o%l and PMD of 150% ( Tab le 2, 3).

GRV 020025 is sim ilarw ith GRV 020017, con ta ins small chondru les in phyllosilicate

bear ing matr ix. The sizes of chondru les ( most 100 300m ) andm odal abundance ra tio o f

m atrix /chondru le ( 2. 8) are typical o f CM2 chondr ites. The comm on occurrence of phyllo

silicates in matr ix and CA Is fu rther con firm s that GRV 020025 is a CM 2 chondrite, too.

3. 3 GRV 021579

Th is chondr ite con ta ins much more abundant chondrules and less m atrix than GRV
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020017 and 020025 ( F ig. 1 c) w ith a modal abundance ra tio o f 1. 2. S ize distribution of
chondrules appears b imodal w ith a peak at 350 600 m and another peak at 30 100 m.

Comm on textura l types of the chondrules are BO, PO, POP, and GOP. M etallic Fe N i and

sulfides are rare ( 0. 4 vo%l ). Th irteen CA Is w ere found in the section[ 12 ] , includ ing 4

Type A like, 8 sp inel pyroxene r ich inclusions and 1 sp inel spheru le, and they have a to ta l

surface of 0. 50 mm2, ind icating a modal abundance of 0. 81 vo%l ( T ab le 1).

Fa content o f o liv ine in GRV 021579 ranges from 0. 6 to 65m o%l , w ith an average of
20m o%l . PMD of Fa values is 110% . Low Ca pyroxene show s w ider range of Fs con ten t

( 6. 0 34. 4 mo%l ), w ith an average of 22. 3m o%l and PMD of 46% ( Tab le 2, 3).

Chondrules in GRV 021579 show a b imodal pattern of size d istr ibu tion w ith a peak at

350 600 m and another one at 30 100m. The sm aller size peak isw ith in the range of CO3

chondrites, and the larger one is d istinctly smaller than CV 3 chondru les. Them odal abun

dance ra tio of matr ix /chondru les ( 1. 2) is w ith in the ranges of CO 3 and CV3, but much
lower than that of CM2. A ccord ingly, GRV 021579 is c lassif ied as a CO 3 chond rite, bu t

w ith abundan t large chondru les.

3. 4 GRV 022459

Shown in F ig. 1d, chondrules and am oeboid oliv ine aggregates ( AOA s) are much lar
ger in GRV 022459 ( 0. 6 2. 0 mm ) than in GRV 020017, 020025 and 021579. Comm on

textural types of the chondru les are BO, PO and GOP Abundance ratio o f

m atrix / chondru les+ AOA s is 1. 0. M odal abundance ofm etallic Fe N i and sulfides is 6. 0

vo%l . Three CA Is, w ith a to ta l surface of 0. 053mm2, were found in the section, sugges

ting am odal abundance of 0. 18 vo%l ( T able 1). A ll o f the three CA Is are TypeA like[ 12] .

A nother rem arkable fea ture is the presence of abundantAOA s. A part ofAOA s have re frac
tory cores consisting of anorth ite and /or Ca pyroxene and /or sp ine,l referred to as re frac tory

AOA s.

Fa content o f o liv ine in GRV 022459 ranges from 2. 2 to 22m o%l , w ith an average of

8. 7 mo%l . PMD of Fa values is 59% . Low Ca pyroxene show s w ider range of Fs con ten t

( 0. 8 5. 0 m o%l ), w ith an average of 2. 5 mo%l and PMD of 59. 5% ( T ab le 2, 3).

GRV 022459 and 021579 have the less PMD than GRV 020017 and 020025, ind icate that
they have the m ore homogeneous compositions of o liv ine and Low Ca pyroxene than GRV

020017 and 020025.

GRV 022459 appears as a typ ical CV 3 chondr ite. It has the largest chondrules of the

fou rmeteorites, and the sizes of chondru les ( 0. 6 2. 0 mm ) are w ith in the range of CV3

( ~ 1mm). The observed abundance ra tio o fmatr ix /chondrules+ AOA s ( 1. 0) is consist

en tw ith the classif ica tion of CV 3. In addition, the intense alteration of CA Is and the FeO
enr ichm ent o f sp inel in GRV 022459[ 12] are sim ilar to CA Is in oxid ized CV 3[ 13 ] , but d is

tinct from those in other reduced subtype. Th is is supported by the rareness ofm etallic Fe

N i in them eteorite. W e classify GRV 022459 as an ox id ized CV3 chondrite.
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4 Conclusions

The h igh ly heterogeneous m ineral chem istry and very shape outlined chondrules con

firms that a ll four chondr ites are typ ical unequ ilibrated chondr ite. H owever, GRV 021579
and 022459 have them ore hom ogeneous compositions of o liv ine and Low Ca pyroxene than

GRV 020017 and 020025.

A ccording to the petrography and m ineral chem istry o f the fou r cabonaceous chon
drites, chem ical petrograph ic types were assigned: GRV 020017 and 020025 are CM 2,

GRV 021579 is CO 3, GRV 022459 is CV 3.
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