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Abstract� Petrog raphy andm ineral chem istry o f n inety�e ight o rd inary chondrites from

GroveM ounta ins ( GRV), An tarctica, w ere presented and the ir. W eathering e ffec,t

shock m etamorph ism and type d istr ibution patterns were d iscussed in th is study. A�
m ong them, six are unequ ilibra ted ord inary chondrites, including 3 H3 and 3 L3; and

92 m eteor ites are equ ilibra ted ord inary chondr ites, inc luding 24 H �group ( 13H 4, 10

H 5, 1H 6), 64 L�group ( 2 L4, 44 L5, 18 L6) and 4 LL�group ( 3 LL4, 1 LL5).

M ost GRV chondr ites ( > 90% ) displayed m inor w ea ther ing e ffect (W 1 and W 2).

About ha lf o f them eteo rites exper ienced severe shock m etamorph ism. They comm only

contain shock�induced m elt veins and pocke ts. These heav ily shocked meteorites pro�
v ide us w ith natura l samp les for study o f h igh�pressure po lym orphs o fm inera ls. In ad�
dition, the GroveM ounta ins collec tion seem s to have m ore abundant unequilibrated

and L group ord inary chondrites compared to the US Antarc tic m eteo rite co llection

wh ich w erem ainly found a long theT ransan tarc ticM ounta ins.

Keywords� ord inary chondrites, w eathering, shock m etamorph ism, type distribu�
tion pa tterns, Antarctica.

1� Introduction

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[ 1 ] , A ntarctica has become themost im portantm eteor ite�
searching reg ion in thewor ld. M any new or rare types ofmeteorites have been found inAn t�
arctica, includ ing lunarm eteor ite, m artian meteorite[ 2�3] , stone�ironm eteor ite, HED m ete�
orite[ 4] and carbonaceous chondrites et al. [ 5] .

G roveM ounta ins consist o f 64 nunataks, and locate at the eastern An tarctica [ 6] . Dur�
ing 1998�1999 season, the 15th Ch inese An tarctic Research Expedition ( CH INARE) col�
lected 4m eteorites on b lue ice in th is area[ 7�8] . Th is is the first d iscovery ofm eteor ites in
G rove Moun ta ins. Subsequently, another 28 m eteor ites were collected in the sam e site,

suggestive of a new poten tia lm eteor ite�r ich region[ 8�10] . Another 4448 meteorites w ere col�
lected from the sam e region by the 19 th Ch inese A ntarctic R esearch Exped ition ( CH IN�



ARE ) [ 11 ] . In th is paper, we report petrography andm ineral chem istry o f 98 ordinary chon�
drites from these meteorites, and their chem ical�petrograph ic types are assigned. Further�
more, w e d iscuss w eathering, shock m etam orph ism of them. In add ition, our resu lts are
compared w ith other Antarc tic m eteor ites, in order to characterize GRV meteorites and to

have h in ts form eteorites concentra ting processes and conditions in G roveM ounta ins reg ion.

2� Samples and experim ents

� � One polished th in section was prepared for each of the 98 ord inary chondr ites. T extura l
observations were carr ied ou t using an optical m icroscope and in back�scattered electron

( BSE) image model of an electron ic probem icroanalyzer ( EPMA ) type JEOL 8800 in the
Laboratory of E lectronM icroscopes, ZhongshanU n iversity and type CAMECA SX51 in the

Institute o fG eology and Geophysics, Ch inese A cademy of Sciences, Beijing. Q uantitative
analyses ofm inera ls w ere conducted u sing the sam e EPMA. The operating cond itions were

20 nA and 15 kV, and the standards were silica tes and oxides. Peak overlapping ofK� lines
by K� lines of some successive elements were corrected, such as V by T ,i andMn by Cr.

A nalyses data were treated using the conven tionalZAF method. Except for 6 unequ ilibra ted
ord inary chondr ites, the numbers of analyzed gra ins of o liv ine and pyroxene are 20� 30 ran�
dom grains. O ther 92meteorites are equilibra ted, so ~ 8 random grains of each oliv ine and
low�Ca pyroxene in the ind iv idualm eteor iteswere analyzed. M odal abundances ofm etal Fe�
N ,i chondru le and m atrix were calcu la ted from surface areas of the phase in BSE images of

the sections. C lassification of chem ical�petrographic types is m ain lyBased on refs.
[ 12�14]

,
degree of shock metamorph ism on re.f [ 15] , and degree of weathering on re.f [ 16] .

3� Petrography andm inera l chem istry

� � M ineral chem ical com positions, petrograph ic features, shock metamorph ism and de�
gree ofw eather ing of a ll98 ord inary chondrites from theG roveM ountains are summ arized in
Tab le 1. 6 of thesem eteor ites are unequ ilib rated ord inary chondrites, and the others are e�
qu ilibrated chondr ites, includ ing 24H �group, 64 L�group and 4 LL�group.

3. 1 � Unequ ilibrated ord inary chondr ite

GRV 020016, 020162, 020166, 020106, 020164 and 020165 are unequ ilibrated or�
dinary chondr ite, includ ing 3 H3 ( GRV 020016, 020162 and 020166 ) and 3 L3 ( GRV

020106, 020164 and 020165 ). In all 6 unequ ilibra ted chondrite, chondru les show very
shape ou tlined and clear texture. Pr imary glass in chondrules is light brown in color and de�
vitrified. M atr ix o f the chondrite is opaque in transm itted ligh,t ind icating litt le recrystal�
lized. Fe�N im etal and tro il ite occur as opaque m inera l assemblages. M eta llic Fe�N i and

tro il ite have three occurrences: ( 1) as rounded nodu les, ( 2) small gra ins around chon�
dru les, and ( 3) large indiv idual grains or fragmen ts. A ll o f these features are typ ical o f

type 3 chondrites. It is noticed that small gra ins opaque m inerals are predom inan t in H �
group, however, nodu les or large ind iv idual grains are predom inant in L�group.

These 6 meteorites show h igh ly heterogeneousm ineral chem istry, such as com position�
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al zon ing of o liv ine and pyroxene andw ide compositional ranges ofm inera ls in the sam em e�
teorites. Table 1 shows the summ ary ofEPMA data. The average of fayalite( Fa) content o f

o liv ine var ies from 15. 6 to 24. 3 mo%l , w ith a large percent o f mean standard devia tion

( PMD) of 21. 4% � 58% ; that of ferrosil ite ( Fs) coten t of low�Ca pyroxene fa lls in a
range of 13. 1� 20. 1m o%l , w ith an even larger PMD up to 80. 6% . PMD of low�Ca py�
roxene in GRV 020165 is 2. 4, fa ll in the range of equ ilib rated ord inary chondr ite, because

of these gra ins are so sam ll that reflec t the analyzed data.

The average Fa con ten t of o liv ine ofGRV 020016, 020162 and 020166 ( 15. 6� 18. 9
m o%l ) are w ith in the range ofH�group. In GRV 020106, 020164 and 020165, Fa of o li�
vine var ies from 22. 3 to 24. 3 mo%l , fall in the range of L�group. Base onm inera l chem i�
cal compositions and petrograph ic features, GRV 020016, 020162 and 020166 are classi�
fied asH 3, and GRV 020106, 020164 and 020165 are classified as L3 ( F ig. 1).

GRV 020106 and 020165 are rather fresh, w ith on ly few grains ofm etallic Fe�N i and

tro il ite sligh tly weathered. Their weathering degrees are classif ied as W 1. GRV 020016,

020162, 020166 and 020164 are more sign ificantly weathered, w ith metallic Fe�N i and
tro il ite c lose to the fusion crust and cracks nartia lly turned into oxides. Som e silica tes show

sta ins in light brown. The am oun t o f the weathered products is 20� 40% of opaque pha�
ses, hence their weather ing degrees areW 2. In the 6 meteorites, on ly GRV 020016 show

sign ifican t features of shock m etam orph ism ( S2), such as in tense fracturing and undulose
extinction. Shock m etamorph ism of the other 5 m eteor ites is weak and referred to as S1

stage, based on the absence of undulose extinctiom and less fracturing( Tab le 1).

Table 1. � Chem ica l�petrog raph ic types and major features of 98 GRV ord inary chondr ites

M eteorite Type
Fe�N i

( Vo%l )
Tro ilite
( Vo%l )

O liv ine

M ean Fa
( mo%l )

PMD
/%

Low �Ca pyroxene

M ean Fs
( mo%l )

PMD
/%

Chondru le
Outline

W eather ing
phase

Shock
degree

GRV 020016 H3 1 3. 1 18. 5 21. 9 14. 7 31. 7 very c lear S2 W2

GRV 020162 H3 0. 6 1. 3 18. 9 44. 3 15 45 S1 W2

GRV 020166 H3 0. 2 1 15. 6 58 17. 7 38. 5 S1 W2

GRV 020106 L3 0. 1 1. 3 23. 6 23. 3 15. 7 80. 6 S1 W1

GRV 020164 L3 0. 5 1. 9 24. 3 21. 4 13. 1 42 S1 W2

GRV 020165 L3 0. 3 1. 7 22. 3 25. 4 20. 1 2. 4 S1 W1

GRV 020007 H4 4. 5 3. 9 17 3. 8 15. 8 3. 7 c lear S2 W2

GRV 020008 H4 2. 8 1. 7 18 1. 1 16. 1 1. 6 S2 W1

GRV 020042 H4 1. 6 2. 6 18. 2 1. 6 16. 2 2. 6 S1 W2

GRV 020066 H4 0. 7 2. 6 17. 4 4. 1 16. 5 4. 7 S1 W3

GRV 020070 H4 2 4 18. 4 0. 8 16. 4 1. 6 S3 W0

GRV 020088 H4 2. 1 3 18. 6 1. 7 17 1. 3 S2 W1

GRV 020091 H4 300 3. 1 18. 2 1 16. 4 0. 6 S2 W2

GRV 020108 H4 1. 3 0. 1 18. 5 1 16. 5 1. 6 S1 W2

GRV 020109 H4 2. 3 3. 1 18. 6 0. 6 16. 5 1. 6 S2 W2

GRV 020110 H4 2. 6 4. 7 18. 7 1. 5 16. 6 1. 1 S2 W2

GRV 020130 H4 1. 8 1. 5 18. 6 0. 8 16. 6 1. 7 S1 W2

GRV 021492 H4 3. 6 6. 4 18. 1 1. 3 16 0. 7 S2 W1

GRV 021576 H4 1. 5 1. 9 18. 7 1. 1 16. 9 0. 9 S1 W0

GRV 020071 H5 0. 8 1. 9 18. 2 1. 7 16. 6 0. 8 easily� S2 W3

GRV 020087 H5 1. 2 1. 2 18. 4 1. 8 16. 6 1. 4 d istingu ishable S2 W2

GRV 020089 H5 3. 5 5 18. 7 1. 3 16. 9 1. 1 S2 W3

217W eathering, shock m etam orph ism and type distr ibution  



GRV 020092 H5 2. 6 2. 4 18. 4 2. 3 16. 65 0. 6 S4 W1

GRV 020123 H5 2. 9 3. 3 19. 2 1. 2 17. 2 1. 3 S1 W2

GRV 021517 H5 1. 6 2. 4 18. 9 1. 3 17 2 S2 W3

GRV 021518 H5 1. 8 3. 6 18. 9 0. 8 16. 5 2. 2 S2 W2

GRV 021611 H5 1. 4 1. 9 18 1. 1 16 0. 5 S2 W2

GRV 021715 H5 0. 2 1 17. 4 3. 9 15. 4 1. 9 S4 W2

GRV 021795 H5 2. 9 0. 6 18. 5 0. 7 16. 6 0. 9 S2 W2

GRV 021522 H6 2. 6 4. 4 17. 3 1. 7 15. 6 2. 5 hard�
d istingu ishable

S4 W1

GRV 020038 L4 1. 6 1. 5 25. 7 0. 8 22 0. 8 c lear S2 W1

GRV 021643 L4 2 2. 7 24 1. 3 20. 4 1. 3 S2 W2

GRV 020040 L5 2. 4 3. 8 24. 4 1. 4 21 1. 9 easily� S2 W2

GRV 020068 L5 1. 3 2. 2 24. 6 0. 6 21. 2 1. 2 d istingu ishable S4 W2

GRV 020069 L5 1. 1 4 24. 4 1. 5 20. 8 0. 7 S2 W1

GRV 020107 L5 0. 2 1. 6 24. 2 0. 9 20. 7 0. 8 S4 W2

GRV 020125 L5 1. 5 2. 4 24. 9 0. 6 21. 4 1. 1 S4 W2

GRV 020127 L5 0. 4 1. 2 24. 7 1. 9 18. 7 1. 3 S1 W1

GRV 020163 L6 1. 7 3. 7 24. 7 0. 8 21 0. 8 S4 W2

GRV 021495 L5 1. 8 2. 1 24. 2 1. 1 20. 8 1. 1 S4 W2

GRV 021499 L5 1. 7 2. 2 23. 1 0. 7 19. 7 0. 7 S2 W1

GRV 021500 L5 1. 3 2. 6 23. 7 1. 1 20. 8 3 S4 W2

GRV 021501 L5 1. 1 1. 4 24 1. 5 20. 7 0. 8 S3 W1

GRV 021548 L5 1. 2 1. 2 24. 1 0. 7 20. 9 1. 3 S2 W2

GRV021582 L5 2. 1 3. 2 24. 2 2. 1 20. 5 1. 3 S4 W2

GRV 021586 L5 1. 8 1. 6 24. 4 1. 5 21 1. 1 S2 W2

GRV 021587 L5 1. 9 1. 8 24. 2 2. 7 20. 5 1 S2 W2

GRV 021614 L5 1. 3 1. 8 23. 4 1. 1 20. 2 1 S4 W2

GRV 021724 L5 1. 4 1. 9 23. 4 1. 4 20. 2 0. 9 S4 W2

GRV 021794 L5 0. 1 0. 1 24. 2 1. 9 20. 9 0. 5 S3 W2

GRV 022024 L5 0. 7 1. 1 23. 4 2. 1 20. 1 0. 8 S2 W1

GRV 022026 L5 1. 5 1. 8 23. 5 1. 4 20. 2 2 S2 W2

GRV 022027 L5 1. 3 2 23. 4 1. 2 20. 1 1. 1 S4 W2

GRV 022028 L5 0. 9 1. 2 23. 9 1. 6 20. 4 1. 7 S2 W2

GRV 022126 L5 1. 3 1. 8 23. 5 1 20. 5 2. 6 S2 W2

GRV 022127 L5 0. 9 1. 5 23. 9 1. 3 20. 7 2. 6 S4 W2

GRV 022128 L5 0. 9 1. 9 23. 6 1. 8 20. 4 0. 9 S4 W2

GRV 022141 L5 0. 8 1. 5 23. 6 2. 4 20. 5 2. 1 S4 W1

GRV 022142 L5 1. 6 3. 3 24 3. 5 20. 8 2. 6 S4 W2

GRV 022143 L5 1. 2 2. 2 23. 4 1. 6 20. 1 0. 7 S4 W2

GRV 022146 L5 1 1. 6 23. 7 2. 8 20. 4 1 S4 W2

GRV 022159 L5 0. 1 0. 1 23. 4 2. 7 20 0. 8 S4 W2

GRV 022160 L5 1. 6 1. 6 23. 7 1. 8 20. 4 4. 6 S4 W2

GRV 022161 L5 3. 3 2. 5 24 1. 8 20. 6 1 S4 W2

GRV 022177 L5 1. 4 1. 7 23. 6 1. 5 20. 2 1. 1 S4 W2

GRV 022185 L5 1. 6 2. 1 23. 8 1. 6 20. 5 1. 2 S2 W2

GRV 022186 L5 2. 4 2. 5 23. 5 1. 1 20. 4 0. 8 S2 W2

GRV 022190 L5 2. 9 3. 1 23. 6 0. 8 20. 2 1. 3 S2 W2

GRV 022206 L5 2. 7 2 23. 7 1. 6 20. 8 0. 8 S2 W2

GRV 022207 L5 2. 1 2. 6 23. 4 0. 8 20 1. 5 S4 W2

GRV 022210 L5 0. 7 1. 3 23. 3 1 20. 4 1. 1 S4 W1
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GRV 022211 L5 1. 7 2 23. 5 1 20. 2 1. 2 S2 W2

GRV 022212 L5 0. 8 1. 4 23. 9 3. 5 20. 4 2. 7 S2 W1

GRV 022284 L5 1. 5 1. 7 24 1. 2 20. 7 1. 3 S2 W2

GRV 022285 L5 1. 8 2. 3 23. 8 0. 8 20. 4 0. 9 S2 W2

GRV 022287 L5 1. 2 1. 9 23. 4 2. 9 20. 2 1. 1 S4 W2

GRV 021578 L6 2 2 24. 3 0. 8 21 1 hard� S2 W1

GRV 021649 L6 1. 1 1. 4 23 2. 8 20. 1 1. 4 d istingu ishable S4 W2

GRV 021714 L6 1. 2 1. 7 23. 4 1. 8 20. 2 1. 6 S4 W2

GRV 021722 L6 1. 3 1. 8 23. 7 1. 4 20. 4 1 S4 W2

GRV 021723 L6 1 1. 4 23. 3 1. 6 20. 1 1. 8 S4 W2

GRV 021796 L6 0. 5 0. 5 23. 7 1. 6 20. 4 1. 7 S4 W2

GRV 021797 L6 1. 6 1. 7 23. 5 1. 1 20. 2 1. 1 S3 W1

GRV 021799 L6 0. 6 0. 9 23. 2 1. 3 20. 1 1. 7 S4 W2

GRV 022025 L6 0. 4 0. 9 23. 5 2. 8 20. 2 1. 5 S2 W2

GRV 022114 L6 0. 9 1 23. 1 1. 6 19. 9 1. 4 S4 W2

GRV 022129 L6 0. 8 1 23. 6 0. 9 20. 4 0. 7 S4 W2

GRV 022145 L6 1. 2 2. 1 23. 5 1 19. 9 0. 9 S2 W1

GRV 022158 L6 0. 9 0. 6 23. 6 2 20. 6 4. 4 S4 W2

GRV 022162 L6 0. 9 0. 9 24. 1 1. 7 20. 7 1 S3 W2

GRV 022178 L6 1. 3 2. 2 23. 7 1. 4 20. 3 1 S4 W2

GRV 022237 L6 0. 6 1. 4 24. 5 0. 4 20. 7 0. 8 S4 W3

GRV 022282 L6 1. 4 1. 9 24. 1 1. 3 20. 6 1. 5 S2 W2

GRV 020021 LL4 0. 5 1. 7 27. 5 3. 4 23. 7 4. 2 c lear S1 W2

GRV 020037 LL4 0. 8 2 28. 4 1. 2 23. 8 4. 6 S1 W0

GRV 020041 LL4 1. 2 2. 9 28. 1 0. 9 23. 7 4 S1 W2

GRV 020019 LL5 0. 1 0. 5 31. 6 2. 3 27. 2 3. 6 easily�
d istingu ishable

S2 W2

Fig. 1� The correction o f Fa o f o liv ine and Fs o f low �C a pyroxene w ith chem ical groups. No te: ! � unequilib rat�
ed ordinary chondrite; ∀ � equilibrated ord inary chondr ite.
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3. 2 � Equ ilibrated ord inary chondr ites

The other92 ordinary chondrites experienced sign ificant therm alm etam orph ism in their

parent bod ies, wh ich homogen ized m inera l chem istry, made m atrix recrysta llized and

blurred ou tlines of chondrules. Both PMD of Fa conten t o f o liv ine and PMD of Fs conten t o f

low�Ca pyroxene in these meteorites are < 5% ( Table 1). Com positions of o liv ine and py�
roxene of these equ ilibra ted ordinary chondr ites are p lotted in F ig. 1, w ith 24m eteorites in
H, 64 in L and 4 in LL ranges.

Group H: There are 24m eteorites of th is group. M ean Fa values of o liv ine in these

m eteor ites range 17. 2� 19. 2m o%l , andm ean Fs values of low�Ca pyroxene range 15. 4�
17. 2m o%l . Both Fa and Fs values are w ith in the ranges of groupH. These 24 meteorites

experienced sign ifican tly thermalmetamorph ism. Ou tlines of chondru les in both meteorites

are clear, and the fine�grained m atrix is only partly recrysta llized, wh ich appears locally
transparen.t B rown�colored glass has been found in a few chondru les. Low�Ca pyroxene is

m ain lym onoclin ic. A ccord ingly, 13m eteor ites ( GRV 020007 et al. ) are classified asH 4.

Chondrules in 10m eteor ites ( GRV 020071 et al. ) are ready to recogn ize, bu t them atrix is

w ell recrysta llized. M ajor ity of low�Ca pyroxene is orthorhomb ic. These 10 m eteor ites are

assigned as H5. GRV 021522 is h igh ly metamorphosed. O n ly a few chondrules are re�
m ained w ith very b lurred ou tlines. Their matr ix is w ell recrysta llized, and pyroxene is or�
thorhomb ic. GRV 021522 classif ied asH 6.

Group L: There are 64 m eteor ites o f L�group, and all of them are equ ilibrated. The

m ean Fa values of o liv ine range 23� 25. 7 mo%l , and mean Fs values of low�Ca pyroxene

range 18. 7� 22 mo%l . Both Fa and Fs ta lly w ith the ranges of L�group. O f these L chon�
drites, GRV 020038 and 021643 experienced the lowest degree of thermalm etam orph ism,

as ind icated by the presence ofwell�ou tlined chondrules, the occu rrence of pr imary glass in
a few chondrules. GRV 020038 and 021643 are classified as L4. 40 m eteorites are m ore

strong ly therm alm etam orphosed, and all o f them belong to L5. M ost of their chondru les re�
m ain as fragm en ts, bu t ready to recognize. M atrix is h igh ly recrysta llized, m ajority o f low�
Ca pyroxene are orthorhom bic. In the other 18 meteorites, there are only a few chondru les

and /or chond ru le relics w ith h igh ly b lurred outlines. Low�Ca pyroxene is orthorhomb ic.

The m atrix is h igh ly recrysta llized. These 18 meteorites are classified as L6.
Group LL: O nly 4 chondr ites belong to th is group, .i e. GRV 020019, 020021,

020037 and 020041. Com positions of o liv ine ( m ean Fa: 27. 5� 31. 6 mo%l ) and low�Ca

pyroxene ( mean Fs: 23. 7� 27. 2 m o%l ) ind icate a LL�group of these m eteor ites. GRV

020019 experienced much stronger therm alm etamorph ism than the other 3 meteorites. In

GRV 020019, there are on ly a few chondru le are ready to recogn ize. In con tras,t in GRV

020021, 020037 and 020041, chondru les are clear ly ou tlined, them atrix is only partly re�
crysta llized. W e classify GRV 020021, 020037 and 020041 as LL4, and GRV 020019 as

LL5.

21 GRV meteorites are ra ther fresh, w ith on ly a few grains ofmeta llic Fe�N i and tro i�
lite slightly weathered. Their w eathering degrees are classif ied as W 1. GRV 020070,

021576 and 020037 are the m ost fresh, and their weathering degrees are classified as

W 0. 69 meteorites are more sign ificantly w eathered than above. The amount of the weath�
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ered products is 20� 40% of opaque phases, hence theirw eathering degrees areW 2. In
GRV 020066, 020071, 020089, 021517, and 022237, a mass ofweather ing veins scatter

in allwhole section, and most of meta llic Fe�N i and tro ilite are rep laced by the weathered

products. They is strongly weathered, and the weather ing grade isW 3.

15m eteorites have little impact effects, e. g. less common fractur ing of silicates, and

lack or rareness of undu lose extinction of pyroxene and oliv ine. Their shockm etamorph ism

degrees are classif ied as S1. 38 meteorites show sign ificant features of shock m etam or�
ph ism, such as in tense fracturing and undu lose extinction of silicates, suggesting shock

m etam orph ism degrees of S2. 8 meteorites arem ore in tensely shocked, classified as S3. In

these meteorites, besides obvious undu lose extinction and h igh degree of frac turing of sili�
cates, th in shock�induced veins ( < 30  m ) are observed. Another 37 meteorites are the

m ost heavily shocked. They have shock�inducedm elt pockets and veins, and shock black�
ing is comm on especia lly a long these pockets and veins. D egrees of shockm etam orph ism of

these 4 m eteorites are S4( Table 1).

4� D iscussion

4. 1 � W ea ther ing and shock m etam orph ism

W eather ing degrees of 98 GRV 02 ord inary chondrites areW 0( 3m eteor ites) , W 1( 21

m eteor ites), W 2( 69m eteor ites) andW 3( 5 meteorites) , respective ly. A ll ord inary chon�
drites, consisting of predom inant weathering degrees ofW 1 andW 2 ( > 90% ), suggest a

less w eathered among GRV m eteor ites than its collected from deser.t In comparison w ith

GRV 98 and 99m eteorite collections, there are a h igher proportion of sign ificantly weath�
ered sam ples in GRV 02m eteorites. S ixty�n ine of 69 meteorites stud ied in th is work have a

w eathering degree ofW 2, and 5 meteorites is more heavily weathered (W 3). In contras,t
a ll 27 ord inary chondrites of GRV 98 and 99 collections are litt le weathered, c lassified as

W 1[ 9, 17] except for one meteoritew ith a weathering grade ofW 3[ 9] . The sign ificantly d iffer�
en tw eather ing features of GRV 02 collection than GRV 98 and 99 m eteor ites cou ld be due

to their differentm eteor ite�collecting sites. A llGRV 98 and 99m eteorites were collected on

blue ice, whereas more meteorites of GRV 02 collection w ere found in moraine than those
on blue ice[ 18] .

Shock metamorph ism degrees 98 GRV 02 chondrites are S1( 15 m eteorites) , S2 ( 38

m eteor ites), S3( 8 meteorites) and S4( 37 meteorites) , respectively. W e found S2 is pre�
dom inan t inH �group chondrites, and S4 is predom inant in L�group chondrites, however,

S1 is predom inant in LL�group chondrites. Itm eybe partly reflects parent bod ies of various

chem ical groups have various shockm etam orph ism characrters. A bout half o f the chondrites

( 45 /98) exper ienced severe shockm etam orph ism, and degree of the shockm etamorph ism
ranges from S3 to S4. In contras,t no GRV 98 or 99m eteorites have a shockm etamorph ism

grade higher than S2[ 9, 19] . The heavily shocked m eteorites provide us w ith natura l samp les

to study high�pressure polymorph s ofm inera ls and to clarify shock m etam orph ism on aster�
oidal bod ies.
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4. 2 � Type d istribution patterns of GRV meteorites

F igure 2 shows distribution pattern of chem ical�petrograph ic types of these 98 ord inary

chondrites, compared w ith that from Transcontinen ta l reg ion s, A ntarctica. The relative a�
bundance of unequ ilibrated ord inary chondrites ( .i e. type 3) from G roveM ountains is usu�
ally h igh ( 6. 1% ), whereas it accoun ts for on ly 3. 3% of more than 8200 ordinary chon�
drites collected from T ranscontinen ta l reg ions by Amer ican team s. Abundance ratio between
H: L: LL is 27. 6: 68. 4: 4 for G rove Moun ta ins, different from that o f T ranscontinental re�
gions( 42: 48: 10). It is obvious that the GRV m eteorites have m ore L�group and less H �
group and LL�group in compar ison w ith T ranscon tinenta l reg ions m eteor ites.

Fig. 2� D istribution pa tterns o fm eteo rite groups from GroveM ounta ins and Transcon tinenta l reg ions. No te: # �
G roveM ounta insm eteo rites, ∀ �T ranscontinental reg ionsm eteo rites. Abbrev ia tion: uneq�unequilib rat�
ed, Ach�achondrites, CC�carbonaceous chondr ites, EC�ensta tite chondrites. Data from AntarcticM ete�
orite Newsletters, Vo.l 19�25.

� � W e compared type distribution pattern of these GRV 02 chondrites w ith previous re�
sults based on the GRV 98 and 99 collections[ 19 ] , too. The relative abundance of unequ ili�
brated ordinary chondr ites ism uch low er in GRV 02 collection ( 6. 1% ) than in GRV 98

and 99 collections ( 21. 7% ), suggesting that the unusually h igh abundance of unequ ili�
brated ordinary chondr ites in GRV 98 and 99 collec tions is m ain ly a resu lt o f sta tistics be�
cause of a sm all number of samp les. However, statistics error can t' be excluded because of

the large deviation between GRV 02 collection and GRV 98 and 99m eteor ites.

5� Conclusions

� � Petrography and m ineral chem istry o f 98 ord inary chondrites selected from G rove

M ounta ins were stud ied, and their chem ical�petrograph ic types were assigned. They areH �
chondrites ( 3H 3, 13 H4, 10H5 and 1H 6), 67 L�chondrites ( 3L3, 2L 4, 44 L5 and 18

222 Da i Deqiu et al.



L6) and 4 LL�chondrites ( 3 LL4 and 1 LL5).
A ll ord inary chondrites, consisting of predom inan t weathering degrees ofW 1 andW 2

( > 90% ), suggest a little weathered among GRV meteorites. The proportion of weathering

grade ofW 2 is h igher in these m eteor ites than that o f GRV 98 and 99 collections. Th is is
probab ly due to a very h igh proportion of GRV 02 meteorites found in moraines. In con�
tras,t all GRV 98 and 99 meteorites w ere collected on b lue ice.

Shock metamorph ism degrees are various in var ious chem ical groups in these meteor�
ites. It meybe partly re flects paren t bod ies of var ious chem ical groups have various shock

m etam orph ism characrters. A bout half o f the chondrites( 45 /98) experienced severe shock
m etam orph ism ( S3� S4).

The GRV m eteorites have m ore unequ ilibra ted ord inary chondr ites, L�group and less

H�group, LL�group in comparison w ith Transcontinen ta l reg ions m eteorites.
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