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Abstract W e report results of petrologic and minerabgical studies of 25 unequilr
brated ord nary chondrites ( 19 Chinese Antarctic meteorites) using electron micro-
pwbe scanning electron microscopy (SEM ) and energy-digpersive X-ray spec tom e
try (EDS) technijues W ith ncreasing degree of hemalm etanomphisn chen ical
zoning of olvine was emsed plssite was transbmed nto ntergow ths of coarser-
grained kanacite and N i-rchmeta] Crexsolved frun ferman olvineg pwoduced nee
dle-lke crystals and wamsened nto equant chom ite graing and feldspar crystallzed
during devitrificaton of glass and recrystallzaton of matrx These features can help
to dentify differentm etan orph i grades Based on the schane by Searsetal ( 1982),
we subd vided type 3 Ch nese A ntarctic ordinary chondrites nto petiobgic type 3. 3 to
4 (3type3 3 3typed 4 1ityped 5 2tped 6 2ypeld 7 5Stype3 § 3 type
4). This chssificaton schene & a quite effective way to subdivide A ntarctic meteor
ites Additbnally we propose to revie the chen ical groups of GRV 020032 and
GRV 020104 to L. and H, respectively

Keywords Antarctica UOCs themal metanorphisn, olvine petwbgic type

1 Introduction

The petrologic type of prin itive meteorites helps to reveal themal m etamorphisn
process and aqueous alteration history on their parent bodies Van Sclmus and W ood
(1967)'"" first ntroduced the concept of petrologic type and grouped chondrites nto 6
types Petrologic types 3—6 reflect ncreasng degree of them al m etanorphism, whereas
types 1 and 2 are used to designate meteorites that experienced different degrees of aqueous
alteration Type3 chondrites which suffered the least themalmetanorphian and the low-
est aqueous alteration are also called unequilibrated chondrites

Sears etal (1980) '* fistused themolum inescence (TL) sensitivity as a strong -
dicator ofmetanorphic grade to subdivide type 3 nto ten fner divisions types 3 0 hrough
3. 9. TheTL sensitivity is dependent on the degree to which feldspar crystallizes out of prr
31 The criteria used
for classificaton of petrobgic types also include many other paran eters such as the water

m ary chondmle glass andm atrk in response to them alm etan orph ism

and carbon content" ¥, the anountofprimordial A +>!, the canposition. of opaquem atrix
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andm atrix olivind®', aswell as san e parameters discovered recentl, including Cr distrr

. . .. 7
bution n ferroan olviné”

, the chemical canpositbns of spinel groupm nerald®, and he
petrologic characteristics of Fe-N im etal”.

So far TL sensitivity has been proven to be them ost useful param eter to subd vide un-
equilbrated chondrites However this scheane is not practical in classification of Chinese
A ntarcticm eteorites becausem ost specimens have masses less than 1 g In thiswork we
perfomed petrologic and m ineralogical studes of 25 unequilibrated ordnary chondrites
(UOCs) on thn or thick sections W e found that Fe-N im etal texture, Cr exsolition n olr
vine thematrix recrystallization and the abundance of secondary feldspar are good ndica
tors of petrologic types of UOCs Furthemore we analyzed the cam position of olivine and
low-Ca pyroxene grains n all sanples and applied the classification scheme proposed by
Searsetal ( 1982) to subdwide petrologic types of 25UOC<'!. This method was proved to

be useful n Antarcticm eteorites classificatbn' .

2 Samples and experin entalm ethods

W e investigated polished thin or hick sections of 19 Antarcticm eteorites collected by
Chinese polar expeditions 6 otherUOCs were also ncluded for can parison A list of the
samples analyzed in this siudy is given n Table 1

Back-scattered electron ( BSE) maging and m neral analyses were obtaned usng the
H itachiS-3400N 1I scanning electron m icroscope ( SEM ) equipped wih energy-dispersie
X-ray spectran etry ( EDS). M mneral chen ical analyses were perfomedw ith the JEOL 8100
electron m icroprobe at ChnaU n wersity of G eoscences The operating cond itions are 15 kV
accelerating voltage and 20 nA bean current Peak and background counting tines are 10 s
and 5 s formost elam ents respectively. Natural and synthetic standardsw ere used and all
datawere reduced by ZAF procedure

3 Results

3.1 Petrography

3.1.1 FelNimetal texiures

According to Kimurd®!, there are hree kinds of petrographic occurrences of Fe-N i
metal n ordnary chondrites within chondrules around chondrules and in them atrk  They
are called chondrule mteriormeta] chondrule surfacemetal and isolated m atrxk meta] re
spectively  Chondrule nteriorm etal is generally spherical n shape and 10—50 Pm in dr
aneter whereas the latter wo are irregu larly shaped and m uch larger up to 100 Pm in size

In Sem arkona (LL3 01), chondrules cammonly contain metal spherules of kam acite
and submm icraneter N rrich metal (Fig la). This metal was interpreted to be a plessitic
intergrow th of kamacite and tetrataenite by R eisener and Goldsten' ™. T type 3. 2—4 0
chondrites FeWNimetal n chondule nieriors are much coarsergraned and do not show
the plessitic nteigrow th lke that of Semarkona (Fg 1h 1lc¢ and 1d). I Krynka ( LL

3.2), afewv Nrrichm etal grans are severalm icram eters (Fig 1b), and most are around
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Table . List of he samp ks in oer of ncreasing petrobgic type as detem ned i th s work
Sanple Group Grour;g Type Type' Shock  Weaherng Fid/Fall Y ear

San atkona LL 3 01° S - fall 1940
K ymka LL 32 s3* - fall 1946
GRV 020035 L 3 33 2 W2 find 2002
GRV 020032 LL L 3 33 S2 Wi find 2002
GRV 020006 L 3 33 S2 Wi find 2002
Shamps H 34 S3°* - fall 1921
Chamnpur LL 34 st - fall 1907
GRV 020011 3 34 S2 w2 find 2002
GRV 020137 L 3 34 S2 W1 find 2003
GRV 020104 LL H 3 34 S2 Wi find 2003
GRV 020169 L 3 35 S2 Wi find 2003
GRV 052191 H 3 36 3 W3 find 2006
GRV 050009 H 3 36 S2 W1 find 2006
Julesburg L 36 3* find 1983
D inm itt H 37 find 1942 /1981
GRV 050016 H 3 37 S1 W1 find 2006
GRV 052722 H 3 37 S2 w2 find 2006
GRV 020034 LL 3 38 S2 Wi find 2002
GRV 020054 H 3 38 S4 Wi find 2003
GRV 020105  LL 3 38 S1 W2 find 2003
GRV 022921 H 3 38 S2 w2 find 2006
GRV 020036 LL 3 38 S2 W1 find 2002
GRV 022455 L 3 4 S4 Wi find 2003
GRV 021528 H 3 4 S1 w2 find 2003
GRV 022410 H 3 4 S2 w2 find 2006

—: show ing no sinificant signs of weathering * previous chan ical group chssificatory & re\iised chan ical
gwoup i thi papeg ¢ petrobgic type detem ned by [9]; " chssificaton results in this paper © quoted fom
[7]: ° quoted fiom [12].

15 Pm. InGRV 020032 the grain size of N rrichmetal isup to 40Hm (Fg 1d). Howevw
er chondrule surfacem etal and isolated matrk metal in all sanples are generally associated
w ith troilite and do not show plessitic ntergrowth textures In addition tny inclusions of
chranite and phosphate less than a few micraneters are canmonly observed in metal
spherules of chondrules n type 3 2—4 0 chondrites (Fig 1d). Zandd' explained hat
Ct P Si dissolved nmetal grans of type 3 0 chondrites getoxidized to foim chran itg
phosphates and silica due to weak m etan orph isn.

3.1.2 Crexsolution features in olwine

Cr distribution n olivine of type II chondrules is different anong o inary chondrites
w ith different petrologic types In Semarkona ( LL3 01), olwvine grans n type II chon-
dwles are Crrich (0 Swfo Cp0O;), and show core-to-rin Cr zonng consistentw ith &~
neous fractionation'”. In Krymka (LL3. 2), olwine grans canmonly show streaks of C1-
rich exsolution oriented along crystallograph ic axes ( as indicated by crystal faces). W e ob-
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served wo kinds of streaks sub-parallel (Fig 2a) and parallel (Fig 2b). Both of then
are needle-lke grains < 50 nm wide and up to 15 Hm long show ng a strong Cr peak on
EDS spectra In type 23 3 chondrites olivine grains n type Il chondwles are unifom ly
low in Cr and are surrounded by a thin Crrich rm (Fig 2¢ and 2d). Moreover olivne
cores contan scattered equant chram ite grains ( F g 2d). A llA ntarcticUOCs n this study
show Crdistrbutbn pattems si ilar to those of type 23 3 chondrites However it shoull

be noted here that not every olvine gran n type Il chondrule presents this exsolutbn fea
ture

LAPS 15.0kV 10.4mm x1.20k BSECOMP 40.0um LAPS 15.0kV 10.6mm x800 BSECOMP 50.0um

Fig 1  Backscattered electron ( BSE) mages of chondrule interiormetal a) A fine-grained plessitic i ter
grow h of kamacite and subm icrometerN rrich metal in Sem arkona (LL3 01). b) A carse-grained -
tergow th ofkan acite and m craneterN rrichmetal n Krymka (LL3 2). ¢) A metal phemle conss-
ting ofkam acite and coamse-grained N rrich metal n GRV 020035 (L3 3). d) A metal spherule with
tiny inclusions of chran ite n GRV 020032 ( LL3 3). Kan: kanacite Nimet N rrichmeta] Chm
chiom t¢ Twoi troilite

3.1.3 M airix and secondary feldspar grains

Numerous stud s ofm atrix were done to identify a series of changes n optical proper
ties m neralogy, and degree of cham ical equilibration due to themalm etanorphisn'®? ™!,
Furhemore developmentof secondary feHspar in them atrix is responsble for the increase
in bhie cathodolm inescence (CL) as a functbn of metamorphic grade . W e exan ned
the m atrix of all sanples under the scanning electron microscope and found that with -
creasng petrologic type the abundance and gran size of secondary feldspar ncrease (Fig
3, Table 2).

In Sem atkona (LL3 01), the matrx m neral grain is extren ely fne and contains nu-
m erous submm icraneter grains of sulfide and FeN imetal ( Fig 3a), consistentw ith the ob-
servation by N agahard ®!. InKrymka (LL3 2), hem atrix experiencedm ild themalm eta

mormphisn wih grans slehtly coarser than Sem akona (Fig 3b). As the recrystallized
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0.2mm x1.00k B!

‘Cr-rich rims

LAPS 15.0kV 10.5mm

Fig 2 BSE mages of a) nun ewus sub-parallel streaks ofC r-rich exsolitions oriented abng crystalbgraph ic ax-
es of the olvine gran n Kiymka b) paralkl streaks of Crrich exsolutbns n another chonduk of
Kwymka c¢) olvine grans are surmunded by a Crrich rin in GRV 020169, d) Crrich rins and Cr-
rich exsolution products in the core of an olivine n GRV 020169.

grains nmatrk becanes more abundant the remainng opaque mairk becanes coarser
less friable and increasingly depleted inm nutem etallic FeN imetal and sulfide graind *.
The m atrices of GRV 020035 (L3. 3), GRV 020032 (L3 3) and GRV 020006 ( L3. 3)
are finer graned than that of Chammpur ( Fig 3c¢f), which is a type 3 4 UOC. GRV
020032 and GRV 020006 are classified as type 3 3 In addition we did not observe any
secondary feldspar grans n them atrices of UOC with a petnologlc ype S <3 3 (Fig 3ae).

: g(b) Krymka LL3.2 -

100um
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(2) GRN 02001 L34

Fig 3 BSE mages ofmatrices of petologic type 3 01 ( Sematkona) © type 4 (GRV 022455). In Sem atkona
thematrk consists of extremely fine grained silicates sulfides and Fe-N imetal W ih increasing themal
m etamorph isn, the matrk m neral grains are larger and the secondary abite nuclkates and grows In

GRV 022455 (14), thematrik is comp ktely recrystallzed

Table 2 The features of the matrx and feldspar gran of san e representative sanp les

Sanple Type M atrik grain size Feldspar grain
Sem atkona 3 01 extran ely fine grained no
K ymka 32 very fine grained no
GRV 020035 33 fine grained no
GRV 020032 33 fne grained no
GRV 020006 33 fine grained no
Sharps 34 less fine grained no
Chamnpur 34 less fine grained fev, up to5 Pm
GRV 020011 34 less fine grained fev, up to 6 Hm
GRV 020137 34 less fine grained same up b 10 Pm
GRV 020104 34 less fine grained same¢ up to8 Hm
GRV 020169 35 less coarse grained sme up b 10 Pm
GRV 052191 36 coarse graned many up to 20 Pm
GRV 050009 36 coarse graned many up to 10 Hm
Julesburg 36 coarse graned same up b 10 Pm
GRV 050016 37 coarse graned same up b 10 Pm
GRV 052722 37 coarse graned many up to 10 Pm
GRV 020105 38 coarse graned sane up b 12 Hm
GRV 020036 38 coarse graned same up to 6 Pm
GRV 022455 4 vely coarse grained many up to 20 Hm
GRV 022410 4 coarse graned sme up to 8 Pm

In type 3 4UOCs matrices becan e less fne-graned (Fig 3f g) and characteristics
of secondary feldspar grans are can plicated . No feldsgpar grans were, observed n Sharps
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while a few grans up to 6 Bm were found n Chainpur and GRV 020011 However GRV
020137 and GRV 020104 contan san e feldspar grans nm atrices Above petrologic type~
3. 5 matrix becanes more coarse-grained and feldspar grans are canmonly present ( F i
3h-1). The gran size ofmatrix is coarse to very coarse and feldspar is up to 20 Hm. But
there is no good correlatbn beween the petrologic type and the abundance and grain size of
fedspar n matrix beween types 3. 5—4 Q

3.2 M ineral chanistry

In each specmen 80— 120 olivne and pyroxene grans (> 15Hm n size) were ana
lyzed by energy-dispersive X-ray spectranetry, using a very sin ilar grain-selection m ethod
as descrbed by Dodd'*. Pointswere selected by traversing 500 Hm steps along and 1000
Hm apart Smaller intervals w ere used for snall samples If there was no silicate grain at a
point or if there was a visble mperfection ( inclusbn crack or grain boundary) at the
point the sanple was moved as much as 20 Bm to reach a silicate grain'*'. For zoned
grains we analyzed the core and the rin, respectvely EDS Results ofolvine and low-ca
pyroxene grains n all sanples are listed n Table 3

Table3  EDS Resulis of all samp ks

01 Fa) Px(Fs)

Sanple Group  Type Mean CoV €  Range ndt Mean CoV R ange no
Sem ark ona LL 301 124 571 08334 74 1.5 628 12291 34
K ymka LL 32 153 639 04413 70 1.6 705 1631L9 70
GRV 020035 L 33 195 586 013836 85 96 85 02312 72
GRV 020032 L 33 201 571 L7376 73 93 83 10298 70
GRV 020006 L 33 198 522 06389 72 127 792 093720 68
Shaps H 34 a3 569 05367 76 85 751 0821 60
Chamnpur LL 34 41 55 Q1338 76 75 82 12269 48
GRV 020011 L 34 213 512 Q5367 72 1.6 67.4 123L7 64
GRV 020137 L 34 23 517 Q5331 72 1.7 664 01323 68
GRV 020104 H 34 193 533 06339 72 132 565 10245 72
GRV 020169 L 35 29 430 27365 72 153 699 08452 64
GRV 052191 H 36 186 3L0 094L0 52 170 21.8 42295 52
GRV 050009 H 36 170 3L0 14217 72 155 334 23234 70
Julesburg L 36 2.5 318 31373 72 21 537 17262 40
D mm itt H 36 179 398 08269 72 144 460 19293 55
GRV 050016 H 37 203 288 21306 70 142 366 22200 54
GRV 052722 H 37 204 276 16288 72 130 568 25305 40
GRV 020034 LL 38 273 183 68299 52 200 253 78261 40
GRV 020054 H 38 193 183 45323 52 a2 241 63209 40
GRV 020105 LL 38 270 179 163720 100 150 454 34228 50
GRV 022921 H 38 91 128 70237 52 156 195 23171 40
GRV 020036 LL 38 276 1.8 50286 52 153 465 253L5 50
GRV 022455 L 4 248 28 239282 52 192 139 11L.9226 40
GRV 021528 H 4 199 26 186219 52 197 195 36261 40
GRV 022410 H 4 209 23 189214 56 171 243 72211 50

coefficent of variation ( percent standard deviation); ': number of points analyzed
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Chemical group results are based on the classificatbn scheme by Van Schmus and
Wood". Asolivihe canposition is not a reliable ndicator forUOC w ith a low petrologic
type (< 3 5)'"°!, wemeasured the mean size of all chondmles through the whole section
usng scannng electron microscope and calculated the model abundance ofm etal based on

the BSE inage (Table4). According toW eisburd ', them ean chondrule size (Hm) and
m etal abundance ( vobo ) are 300, 700 900 and § 4 2 forH, L, LL respectively

Therefore we group GRV 020035 GRV 020032 GRV 020006 GRV 020011 GRV
020137 and GRV 020104 mto I, I, I, I, I, H repectvely Among then, GRV 020032
(L) and GRV 020104 (H) are different fran their previous reports (LL). The chem ical
group results of other UOCs ( type> 3. 5), incliding Julesburg and Dmm itt are consistent
w ith heir previous resulis

Table4 Themean chondmle size and m etal abundance of UOC s

Sanple Chondrule size (un) M etal abundance( vo% ) Chan ical group
GRV 020035 607 4 1 L
GRV 020032 674 51 L
GRV 020006 696 53 L
GRV 020011 - 438 L
GRV 020137 - 56 L
GRV 020104 452 85 H

< notm easured

W e analyzed them ostM g-rich and Fe-rich olivhe and pyroxene grains n every san ple
usng electronm icroprobe (Table 5 and 6).

Olwine can positional variation is a strong ndicator of m etam orphic grade (Fi 4).
Seard ") canpared olivine heterogeneityw ith TL sensitivity and proposed a scheme to subdr
vile the petrologic type of UOCs based on the coefficient of variation ( CoV, defned by
Scoty 1984 as he standard deviatbn of mole Fa or Fs expressed as a percentage of the
mean). Based on this defnition resulis of petrobgic types of sanples are presented n ta
ble 3 It should be noted that his defnition isnot sensitive for petrologic types between 3 0
and 3 4 (Fig 4). Those UOCs of type 3 (-3 4 n table 3 with CoV valie more than 5Q
are subdivided according to other paran eters ncluding FelN imetal features Cr-exsolu tion
features in olivine as well asm atrix and secondary feldspar features W ith the CoV beng
31 8 Julesburg is subdiviled into type 3 6 consistentw ith prevbus study '?. As for
Dinm ity it consists of ( in vol % ) 40 H4 and HS chondrite clasts 3% mpactmelt
rock clasts Q Fo shocked H chondrite clasts 1 3% exotic clasts ( including carbona
ceous and LLS chondrites), and 53% gasrich matrk . Based on the CoV value 39 §
Dinm itt belongs to type 3 6, slightly different fran previous type 3. 7''". However
Bischoff®! pointed out that the CoV value has no real meaning for a sub-classification of
chondritic breccias  In GRV 022455, GRV 021528 and GRV 02241Q their olivine grans
are alnost equilbrated with CoV values of L 3-2 8 corresponding to PMD valies 1 0—
2 2 Dodd*" defined ordnary chondrites with the percentmean deviation of Fe) measured
in olivne (PMD-o0l) less than 3% 1o be type4 Therefore we classify these three ord nary
chondrites nto type 4 though heir pyroxenes are still quite heterogeneous in canposition

(table 3).
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4 Discussion
4.1 Petrologic ypes

Extenswe studies have been m ade over the last 30 years snce Sears! first used TL
sensitivity to subdivide petrologic types of type 3. Subdivision is used to dentify the least
m etan orphosed chondrites and to indicate the ntensity of them almetanorphisn. W ith n-
creasng m etan orphic grade diffusbn hanogenizes Fe and Mg n olivhe the texture of
m etalw ithin chondrules changes Cr-rich phrase separates fran ferroan olivnes and feld
spar ncreasngly crystallizes durng devitrificatbn of glass and recrystallization ofm atrix

g 16 Semarkona LL3.01 16 GRV 020169 L3.5
S N=74 N=72
S g 8t
2
E
z 0 0
816 Krymka LL3.2 301 GRV 052191 H3.6
S N=70 ok N=52
kS
5 10}
E
z
glor GRV 020032 L3.3 30 GRV 052722 H3.7
< = =
S N=73 ok N=72
S 8+
2 10+ ' I
E 0 0 L I
glor GRV 020011 L3.4 60 GRV 020054 H3.8
S N=72 N=52
S gt 30
(53
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g 16 GRV 020104 H3.4 60~ GRV 022455 L4
S N=72 N=52
s 30}
193
E
23 1 1 ]
0 20 40 0 20 40
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Fig 4 H istograns shov ng fayalite content of olvine i chondrites The distrbuton becanes systematically
narrov er w ith ncreasing petolog i type For type 3 6 b 4 the olvine has equilbrated at them ean fay-
alite value for the buk meteorite

W e analyzed major elament canpositbns (Mg Sj Ca Fe O) of olivine and pyrox
ene grains of 25 UOCs and list silicate heterogeneity as CoV in table 3 The CoV values of
Sem arkona, Krymka Sharmps and Chainpur are all larger than 50 consistent w ith _the as



Subdivsion of petmbgic type of unequilbrated ordinary chondrites fran A ntarctica 147

signm en'ts by Seard'”.  Sears suggested that TL sensitivity correlates w ith olivie heteroge
neity becausem etan orph ism ham ogenized the mafic silicate can position and also devitrified
feHspathic glass to produce the TL phosphor crystallne feldspar However the correlation
breaks down n the most hghly unequilibrated chondrites ( type 3 0—3 4). It might be
possible that han ogenizatbn of silicate canpositions which requires atan ic diffusion over
distances of several hundred Pm, is a less facile process than devitrificaton of feldspatic
glasswhich requires atan displacements over a few A distance . As seen in the table 3
the classificatbn schan e by Seard'” is a quite effective way to subd vide A ntarcticmeteor
ites

In a given unequilibrated chondritg the chemical variation of pyroxene is ofien greater
than that of olivhe Pyroxene appears to be more resistant to themal metanorphisn than
olivhe Even i type 4 chondrite ( table 3), the CoV value of F's could be as hzh as 24
For this reason Grosman'" suggested that type 4 chondrites w ith high PMD-Fs are pre
sun ably near the type 3 border and those w ith lov PMD-Fs shoul be near the type 5 bor
der

4.1. 1 Themal history of FelNim el

The texture of Fe-N imetal is a sensitive m etanorphic indicator for chondrites of sub-
types 3 00—3 2 shce diffuisbn in metal is much faster than n oxiled . Sem akona
chondrule m etal shows pervasive fne-graned plessitic ntergrowths Kmurd” observed
m anym artensite in the prin itive chondrite A cfer 094 ( ungrouped caibonaceous chondrite
type 3 00) and ponted out that this prim itive metalm artensite was quenched i the solar
nebula fran high tenperatures within chondrules before accretion to its parent body Reis
ener” suggested that if the original taenite cools at > 5K /day, it transform s tom artens-
it which subsequently decanposes nto a taenite + kam acite ntergrov th during 1 year at
tmperatures as lov as 573 K. That is to say the plessitic intergrow ths of metal n Se
m arkona chondmle interiors resulted fran m ild metanorphic heating of martensite under low
temperature conditions n the parent body. During them alm etan orphisn, plessite is trans
fomed nio ntergrow ths of coarser-grained kam acite and N rrichmetal gran size of N rrich
m etal increases and number density decreases In Krymka (LL3 2), a few N irich metal
grains are severalm icran eters (Fig 1b). M ostm etal grans are coarse-grained aggregates
of kam acite and N rrich metal up to 15 Bm. A1l other chondrites n this work show such
coarse-graned aggregatesw ith N rrichm etal up to 40 Bm, sowe assign then to be type>
32

4.1. 2 Cresolution in olwine

In type 3 O chondrites olivine grains of type II chondrules are rich n Cr In slightly
m etan orphosed types 3 1-3 2 chondrites olwine grans show abundant hanogeneous nu-
cleation of a Crrich phase producing fne needle- lke precpitates algned along preferred
crystallographic orientations A pparently continued heating to fom higher-petrolog ic-type
chondrites resulted n the coarsenng of Cr-rich precipitates n olivine cores presumably to
m nin ze their surface energy, to the pointwhere they fomed much larger equant grans
(Fig 2d).. It is still not actually known whether the fine Cr-rich pre¢mitates are chran ite
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and the valence state and site occupancy of Cr in chondritic olvine are notw ell known! * %,
H owever what is certain is thatolivine grains n type I chondrules have low Cr contents and
never show Cr exsolutbn n the cores regard less of petrologic type

4.1. 3 Themal dfects in matrix

Sem atkong which was affected least by metanorphisn, contains numerous sub-mr
cran eter sulfides distrbuted n the extranely fine granedmatrik ( Fig 3a). Thiswasnoted
as a distinctive feaure of type 3 0 by Dodd*!. W ith increasing degree of them alm etan or
phisn, gran grow th resulted in the fom ation of recrystallized m atrix and caused coarsenng
of the rem ainng opaquem atrix,  accan panied by elanentalmigraton (e g coalescence of
the m nutem etallic FeN i and sulfide grans fran the opaquem atrix) and nucleaton of feld
spar n the recrystallzedmatrx For type 4 chondrites (GRV 022455 GRV 021528 GRV
022410), thematrix consists entirely translucent to transparent crystals alhough it can
still be identified by gran siz¢ m orphology and location

Asmentioned above nucleation and growth of plagioclase has been confimed by
m easurem ents of TL. sensitw ity The higher the TL sensitivity the more abundant plag -
clase mmatrix W e did not observe any feldspar grans in the mairk of UOCs of types <
3.3 which may be explained hat they have not been annealed sufficiently to produce crys
tallne feldspar !, Above petrologic type~ 3 4 matrix begins to show strong blue CL'!
and the akali content again rises indicating that secondary feldspar grains have begun to

grow!”?

4.2 Chen wal groups

The chem ical classificaton schem e currently in canmon use is that of Van Schmus and
W ood!", mainly based on Fayalite content of olvine in ordnary chondrites A ccording to
Van Schmus and W ood  the Fa vahes forH, [, LL are 16—2Q 22-26 27—3l repec
tively. However olwvine can position is not reliable for classifyng the cheam ical groups of
UOCs of types< 3 5", sihceFe tends to be more reduced canpared to that in the equilr
brated chondrites Consequently we checked the chondrule size and the m etal abundance
to help to classify their chemical groups A's shown in table 3 mean Fa values of Sem arko
na krynka and champur are obviously mconsistent with ther corresponding chem ical
groups but they are very close to results of Dodd ¥, Results have proved that it is feasble
to classify A ntarcticm eteorites by using EDS I additbn we suggest that grain selection
m ethods as n Dodd shoul alvays be used for classification of UOCs

5 Conclusions

W e studied the petrology and m merabgy of 25 unequilibrated ordinary chondrites ( 19
Chinese A ntarcticm eteorites). W ith ncreasing m etan orphic grade diffusbn hanogen ized
Fe andM g n oliving plessite in prim itve chondrites was transfom ed into intergrow ths of
coarser-graned kam acite and N rrichmeta] Cr exsolved fran ferroan olivhe fom ng nee
dle-like precpitates and then coarsened into equant chran ite grang and . feldspar increas
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ingly crystallized during devitrification of glass and recrystallizatbn ofm atrix
W e subdwided 19 Antarctic meteorites nto petrologic type3 3—4 (3 for type3. 3 3
for type3 4 1 fortype3 5 2 fortyped 6 2 for3 7 5 for3 8§ 3 for typed). Resulis

s a quite effective

in thiswork ndicate that the classificatbn schan e proposed by Seard
way to subdivide Antarcticmeteorites In addition we propose to revise chen ical groups of

GRV 020032 GRV 020104 to L, H, respectively and suggest that grain selectbnm ethods

as n Dodd'" are reasonable in classifyng Antarcticm eteorites
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