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Abstract This paper reviews and sunmarizes the Chiese Antarctica m eteorite
search classification and research During the past four antarctic exploratbns a total
of 9834 m eteorites w ere collected n the GroveM ountains regbn Among then, 2431
m eteorites w ere classified by he end 0f2008 So far 684 meteorites have been offt
cilly publshed i theM eteoritical Bu lletin, M eteoriticalSociety ncliding 2 martian
meteorites 2 eucrites 6 ureilites 5mesosiderites 1 pallasite 1 ion and 10 catbo-
naceous chondries Canprhensive sudiesw ere carried outon a num ber of these rare
typemeteorites In additbn, we propose to continue hem eteorite searching progct n
GwoveM ountamns and other regions in Antarctica W e ako suggest severalkey top ics
of the fature researches on the Ch nese A ntarctic m eteorites

Keywords Antarctc meteories the Gove Mountaing meteorite search classift
catbn of meteorites review

1 Introduction

Besiles lunar san ples m eteorites are the only available extraterrestrial rocks fran the
M oon, theM ars asteroids and probably canets They are the “ fossils” of the solar sys
tem, but rather rare and precious For a long tme the total ofm eteorites collected are less
than 20000". This simation began to change fran 1969 when 9 meteorites of different
chem ical groups were found n Yamato areg Antarctica by the Japanese Antarctic Expedr
tion' !, The discovery ofm any differentmeteorites w ithin a lin ited area suggests that there
were uniue processes n A ntarctica which transferm eteorites and concentrate them n spe
cific locations This starts a new episode of meteorite search in Antarctica Since 1969
Japanese A ntarctic expedition have searched form eteoritesmainly mY anatq A sukg Betb
gica and Thiel regions and they have collected a total of ~ 16000 meteorites USA began
anfarctic search for m eteorites by jonng the Japanese tean mn 1976 and later organ ized
their own tean in 1979, They maink searched meteorites along the TransAntarctic
M ountans and have collected about 14500 meteorites Europeans searched Antarctic m e
teorites also along the TransAntarcticM ountains fran 1984 and found about 400 samp les
( based onM eteoritical Bulletin Database).
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In 1985 the firstantarctic station of Chng nanely the greatw all statbn wasbuilt n
K ing George Island and Chna becane an entente of the Antarctic Treaty In 1989 the
second A ntarctic station of Ching namely Zhongshan station was established in Larsem ann
H ills eastem Antarctica the only base supportng Chnese antarctic exp loration n the n-
land During the 15th Chnese antarctic exp loration between 1998—1999 a Chnese tean
dd their first field survey of Grove M ountains w ith the first discovery of 4 m eteorites
Snce then 28 4449 and 5353 meteorites have been collected in GroveM ountains durng
the follow ng three times of exploration n 1999—2000 2002—2003 and 2005— 2006 re
spectively. In the paper we make a review on the field search classification and study of
Grove M ountains meteorites and give suggestbns for the future exploratbn and study of
antarcticm eteorites

2 Fiel search spatialdistribution and curation of G roveM ountains m eteorites

Grove M ountains locate east to Lanbert Glacier eastern Antarctica about 400 km
fran the Zhongshan station There are more than 60 nunataks scattering n the area of
3600 kn’, ncluding a total surface of 560 km” of blue ice and the altiude ranging fran
1400 10 2600m'”. The prevailng flov directbn of ice sheet iswest by north but changed
locally due to block by mountans which make blie ice energing on the surface Erosion
by strong northeast w ind sculpted scale-shaped concave on the surface ofblue ice and varr
ous sand-b lasted stone of base rocks

2.1 Spatwaldistribution o Grove M ountains m eteorites

M ost of the GroveM ountainsm eteorites collected during the 4 tm es of field exp loration
distributed abng thew est side of Gale Escarpment The concentration ofm eteorites signift
cantly increased fran south to north About60% of he meteorites were found n moranes
Except forG ale Escarpment only wom eteoritesw ere found nMt Hardng in the center of
GroveM ountans areas®', and 47 pieces nm oranes betveen Mt Harding and Zakharoff
ridge Nom eteoritew as found either inmoramne or on b lue ice inM ason Peak thewest part
ofGroveM ountains region. A fier collectbn of 4448 m eteorites durng the 19th Chnese Ant
arctic R esearch Expediton (CH NANRE), more 5354 m eteorites were found n the same
area by the 22nd CH NANRE. The spatial distrbutbns of them eteorites collected by these

w o expeditions canp letely overlap (Fig 1).
2.2 Field search for meteorites

In the austral summ er season of 1998— 1999 the 15th CH NARE -carried out their
first geological survey ofGroveMountans area with the first discovery of 4 meteorites -
chidng an on and 3 chondrites In the next austral simmer season, the 16th CH NARE
contnued their fiel exploratbn and found 28 meteorited *', ncluding am artian meteorite

and an eucrite thatwas considered to have an orgn of asteroid-4 Vesta D iscovery of these
m eteorites deamonstrates that GroveM ountains is a nev meteorite concentratng area n Ant

arctica , A ccording to proposal by experts of Antargtic m eteorite research. Chinese A retic
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and Antarctic Adm nistratbn organized am eteorite-huntng tean to search formeteorites n
Grove M ountains n 2002— 2003 which resulted in a very successful discovery of 4448 m e
teorites /. During the 4th fiel survey of Grove M ountains by the 22nd CH NARE n
2005—2006 a total of 5354 meteorites w ith m ass of 62 kg were collected n the first 20
dayd®. Up to date the total nimber of Antarctic m eteorites collected by CH NARE is

9834, follw ng onl Japan and USA.
=) ¢
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Fig 1 Find sites 0f684 Grove M ountains meteorites classified

2.3 Storage of meteorites in the field

A 1l sanples were packed with clean polyethylene bags and then stored in heat preser
vatbn boxes n order to keep them frozen A fter returned to Zhongshan Station fran the
field the sanpleswere mm ediately transferred to the ice breaker Snow Dragon by helr
copter and kept n a refrigerator on board Fmnally all meteorites were curated in the
freezer lab of ice cores n the PolarResearch Instiute of Ching Shanghai before classifica
tion and study The sanples were kept n frozen after collected in the feld until transferred
to the lah mn order to avoil any weathering effects by liqud water thatmay appearwhen he
sanpleswere thaved n amosphere

3 Classification of m eteorites
3.1 Progress of meteorite classifica tion

The first 4 GroveM ountains meteorites were classified into 3 chondrited” ¥ and one
ungrouped. iron m eteorite related to AB canplex ([ AB-ung)!”', and their classifications
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were published n he 84th M eteoritical Bulletin n M eteoritics and P laneiary Sciences T
December200Q the A rctic and A ntarctic Adm nistration of Chna organized a cooperation
of classifying all 28 meteorites collected during the 2nd field survey of Grove M ountains

w ith participation of the Guangzhou Institute ofG eochan istry, Institute 0of G eology and G eo
physics and Institute of Geochem istry Chmnese A cadeny of Sciences and N anjing Un iver
sity These m eteorites were classified nto 1 martian m eteorite 21 eueritd P!, 6 1.3
chondrited "', 1 LL4-6 brecciated chondrite and 19 equilbrated ord nary chondrited 7',

Later the A rctic and Antarctic A dn inistration of China organized the above 4 groups to
conduct another classification of 51 representative san ples selected fran 4448 meteorites
found n the 19th CH NARE. Of these 51 meteorites there are 1 new martian meteor
itd”!, 1 pallasite 3 ureilites 7 carbonaceous chondrited *, and 39 ordinary chondrites
(2H3 1 1L3 and 36 equilibrated)'*. The classification of above 79 m eteorites was
published n the 86th and 89thM eteoritical Bulletin, respectively.

Fran 2006 classificatbn of the Grove M ountains meteorites was finally supported by
the National Developm entR esearch Progranm e of the M mistry of Science and Technology of
China Itwas planned to canplete classification of a total 02350 m eteorites Each 100 of
the first 600 m eteorites have been classified by Institute of G eology and Geophysics Guang-
zhou Institute of G eochem istry, Institute of G eochem istry, and N ational A stronan ical Ob-
servatories Chinese A cademy of Sciences Guiln University of Technology and Nanjng
Unwersity respectively There are 1 eucrite ( L u et al this issue), 5 mesosierites 2
ureilites 3 carbonaceous chondrites 31 Type 3 ordnary chondrites and 558 equilibrated
ones

3.2 Sample selection and preparation

A 1132 m eteorites collected during the first wo exploratbns of Grove M ountans have
been classified Only 851 out of 4448 meteorites found by the 19th CH NARE and 600 out
0f 5354 meteorites by the 22nd CH NARE w ere selected and classified One of consdera
tions is representative of the sanples e g their gpatial distrbution fran the southem
m ddle and northem of theGale Escarpment and geographic occurrences (on blie ice or
inmoraine). Another consileration is apparentweaherng degree of the hand sanples In
additbn representative sanples of carbonaceous chondrites achondrites and metal nod
ules which can be recognized in the field were selected for classification

A ll sanpleswere thawed n vacuum, to prevent condensation of liquid w ater on their
surfaces Before further treaiment the sanples were m easured form agnetic susceptbility
in order to investigate its applicatbn in future classification Sm all pieces of the meteorites
were chipped off with tools of tungsten cartbile to elin inate contan mation GRV 051523 is
onlyQ 8 g and it is a rare achondrite Thism eteorite was cut nto halves with dianond
thread saw, and the smaller partwas used for classification Most of he chpswere enbed
ded in epoxy n vacuum, and then cut nto < 1 mm thin slicesw ith low speed dianond saw.
They w ere prepared to standard polished thin sections Instead o epoxy, crystalbond em-
bedd ng material was used to prepare polished sections of sanples w ith shock-nduced melt
vens i order to reduce background of R an an spectrum.
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3.3 Canparison between GroveM ountains m eteorites and other antarctic m eteorites

A's deserbed above relative abundances of non-ord nary chondrites to ord nary chon-
drites are artificial of sample selection H owever the relatve abundances of chenm ical
groups of od inary chondrites (H, L and LL), petrographic types (3-6), and shockm eta
morphic degrees (S1-S6) are intrinsic but not results of sanple selectbn

Based on statistics of the classified 653 ord nary chondrites the relative abundances of
H, L LL groups are 30. 5, 63 ¥b, 4 1%, respectively The relatve abundance of L
chondrites is as high as by a factor of 2 of H group while LL. chondrites are rather few. I
contrast of other antarcticmeteorites H group ismore than L. group and LL group is also
canmon (Fig 2). Because of low abundance of LL chondrites we canpare petrographic
types of H and L groups Their relative abundances are also distnct fran those collected n
other reg bns n Antarctica (Fig 3), except for abundance ratbs ofH3 oH4—6 (4 0%
in Grove Mountans versus 3 % in other regions). Abundance ratios of L3 to L4—6 are
not significantly different between Grove M ountans (6 1% ) and other regions (5. 4% ).
The difference in he relative abundances ofH, L and LL ofGrove M ountans meteorites n
canparison w ith those of other antarctic meteorites may be related to small sizes of the for
mer (peak at1 g) than those collected along the TransAntarcticM ountains ( peak at24 g
afier AnM et database). InGroveM ountans the field tean searched form eteorites by foot
and as anall as Q 1 g meteorites can be found, while blue ices along the TransAntarctic

M ountans w ere sveptw ith sikdoa snow motors
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Fig 2 Distributbn pattem of ordinary chondrite groups ofG ove M oun tains m eteorites i comparson w ith oth-
er Antarcticm eteories Data of GroveM ountainsM eteorites are fran' ~>°
iical Bulletin Database (http //tn er usgs gov/meteormetbull php).

, and others fran theM eteor

Figure 4 shows statistic results of shock metanorphign degree ofH and L groups of
Grove Mountans meteorites For the sane reason of low abundance LL groupw asnot con-
sidered The H and L groups display distnct abundance pattems 26% of L chondrites
were heavily shocked (S4—6) with occurrence of shock-induced melt veins and h gh-pres
sure polymorphs whilem ost of H chondrites experienced m ild mpactw ith only 8 meteorites
classified as S4=3 This observation suggests different physical properties of their parent
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asteroidal surfaces Campact and hard surfaces of asteroids favor for strong shock m etan or
phisn, and thick regolith formeling by mpact As shown n the distrbuton of petrograph-
ic types ofH and L. groups (Fig 3), most ofL chondrites are Types 5 and 6 in canparison
with H chondrites Luetal (this issue) discuss shock m etan orphisn of G roveM ountans
m eteorites and its sgnificances in detail
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other Antarcticm eteorites D ata of G oveM ountainsM eteorites are fran
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Fig 4 D stribution patterns of shock grades of Grove M ountains meteorites D ata from' "

4 Study of G roveM ountains m eteorites

Accordng to the classification of Grove Mountans m eteorites m any non-ord nary
chondrites w ere recognized and most of then were new types ofmeteorites n Chna nch-
ding m artian meteorites eucrites ( probably orighated fran Vesta), ureilites and carbona
ceous chondrites (CK CR CO (M ). In addition there are several stony rons These
non-chondrites were studied n various detai] and the results were ssmmarized below.
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4.1 Martianm eteorites

The wom artian m eteorites GRV 99027(9 97 g) and GRV 020090(7 54 g), are
canplete rocks nstead of fragn ents of a large sanple broken due to transfer by glacer af
ter fell on the surface of ice sheet of Antarctica About half of the fusion crust of GRV
99027 has lost but that of GRV 020090 preserves canplete with glazy lister and flow ng
features (F g 5).

Fig 5 Two herzlitic shergottites bund n Grove M ountaing Antarctca (a) GRV 99027, (b) GRV
020090

GRV 99027 is the 4th lherzolitic shergottite classified "', its martian origin was
confimed by oxygen isotopic camposition''' and *H-enrichment”!. Sinilar to other
lherzolitic shergottites (AIH 77003 Y-793603 LEW 88516), GRV 99027 is can posed of
poik ilitic and mterstitial ( or non-pokilitic) partd®'. The poikilitic part consistsmanly of
coarse-grained orthopyroxenew ith nclusons of euhedral olivine and chran ite The orthopy
roxene okocrysts and olivine chadacrysts contain melt nclusions The niterstitial part con-
sistsm anly of granular subhedral orthopyroxeng augite and olivine w ith interstitial p lag -
clase and accessory phosphates chram ite and ilnenite The orhopyroxene and olivinem ay
contan chranite and melt mnclusions Crystals of olivhe and chran ite show orientations
san e in both textural parts indicating cumulatwe crystallization n the parentm agn a in the
Mard®™. In siu SMS analysis of REE and other trace elem ents of the can ponentm ner
ald®® ® revealed fractional crystallization of a closed system. The temperature of crystallr
zation of GRV 99027 was detem ned about 1100- 1200C and the oxygen figacity ( rela
tive to quartz-fayalitem agnetite) of lgf0,(QMM ) = =2 0£Q 4 A fler crystallization he
m eteorite was heavily shocked with silicates partially melted to produce the melt pockets
and plag bclase transfomed to diaplectic (maskelynite). Different fran other hermlitic
sheottitts GRV 99027 experienced a slow cooling history buried in regolith in depth after
the man inpacteveny which hadmaskelynite recrystallized **"'. At about4 4 0 6M g
anoher mpact event excavated GRV 99027 fran depth on the M ars and epcted it to an
Earth-crossed obit Fally the meteorite fell on the ice sheet of Antarctica >,

The bulk can position of GRV 99027 show s LREE-depletion ndicatng of a depleted
m artian m antle and little contan nation of the magna by hemartian crust . The N i and
Co concentrations of GRV 99027 are consistent w ith  fractionatbn between metal and silr
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cates in a deep magna ocean Relative to canpatble refractory elaments the absence of
W - orGadepletion suggests amore ox ilizing condition during m etalsilicate fractionation of
the M ars than the Earth Platnum group elan ents ( PGEs) have chondritic ratios and their
abundances (Q 004~ Q 008 X CI) much higher than those of silicatem antle n equilibrium
w ith the metal core arguing for later accretion of chondriticm aterials after the coremantle
segnentation of theM ard '

GRV 020090 is the 6th Therzolitic shergottite In canparison with GRV 99027, it con-
tans more plagioclase but less olivng and ferran agnesian silicates are FeO-enriched
GRV 020090 probably crystallized fran a FeO-richmagna ™. Itwas heavily shocked tog
w ith all plag bclase transformed to maskelynite GRV 020090 show s different pe trograph ic
and m neral chem ical features fran oher hermlitic shergottites hence itm ay san ple a new
location on the M ars

4.2 FEucrites

Two eucrites have been classified namely GRV 99018 and GRV 051523, GRV 99018
is a tny fragment 0. 23 g consistingmainly of anorthite and pyroxenes w ith accessory silr
ca and opaquem nerals GRV 99018 started to crystallize at 1100 £50°C, follow ing by
slov coolingwith a rate of @ 02°C /y probably buried n depth. A heavy in pact event excar
vated the meteorite fran depth and then rebured itwih hot regolith This explains partial
meltng and annealng of hemelt n GRV 99027 Them eteorite was ejected fran asteroid-
4 Vesta by another mpact event and captured fnally by the Earth ol

GRV 051523 is a small (Q 8 g) but canplete meteorite It has an elongated and
round shape canpletely covered with fision crust W hite breccia of coarse-graned p lag o-
clase can be seen under transparent part of the fusion crust Liu et al ( this issue) report
petrography and m neral chem istry of thism eteorite n detail and have a discuss on its for
matbn and evolition GRV 051523 has a sm ilarm odal can position of GRV 99018 consis
tingm amnly of coarse-graned pyroxenes and plagioclase w ithm inor fine-grained FeO-rich ot
iving silica chranite and troilite Pyroxenes and olwine contain relatively hghM nO con-
tents and their FeD MnO ratios plotw ithin the ranges of eucrites There are augite and pr
geonite both show exsolution The exsolved lanellae are 1- 3 Pm thin with a fev up to
10 Pm, consistent with slow cooling afier crystallization n depth R ecrystallization of
shock-induced m elts ndicates a strong shock m etan orphign followed by reburied n rego-
lith There are also thnmelt vens with tiny opaque spherules enbedded n glass of silr
catg which was produced by another shock event on the surface of V esta

Petrography and m neral chem istty of GRV 99018 and GRV 051523 reveal can plicated
shock and them almetanorphian of the surface of Vesta It suggests that i pact energy is
one of major heat sources during the early histories of asteroids

4.3 Ureilites

Six ureilites have been classified fran G rove M oun tans m eteorites M iao et al '™ re

ported petrographic features of wo of hem (GRV 021512 022931). Except for GRV

052382, other 3 ureilites share sinilarm odal canpositions and textures > They consist
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manly of coarse-graned olivhe and pigeonite fine-grained interstitial carbonaceous m ate
rials and alteration productsw ith various abundances The coarse-grained olivine and pyrox
ene show 120° triple junction and alteraton w ith variouswidth along their boundaries and
fractures In BSE mages the altered m argns of olivine and pyroxene contans num erous tr
ny N rpoorm etal grains and the host silicates are darker than the unaltered areas M icro-
sized dian ond is canmon n the nterstitial catbonaceous materials and graphite was also
found The 120° conjunction of coase-grained silicates and reduction features of olivine n
the ureilites exhbit a strong them al m etanorphisn accanpanied by reduction ( carbona
ceous materials as reducng agent). The dianond could be transfomed fran graphite by a
heavy shock event predating the them alm etan orphisn that has erased other shock-induced
features

GRV 052382 is an unijue ureilitd ™. Besiles sinilar modal can position dian ond-
bearng catbonaceous m esostasis and reduced margins of oliving the large olivne grans
have been transformed mnto assemblages of small crystals (10— 20 Pm ), lkely recrystat
lized by a strong mpact event coarse-grained p geonite is heterogeneous w ith varbus pat
ches andm any tny voids that were probably due to decanposition or transfom ation under
high pressure and tem perature conditbns GRV 052382 probably preserves themost heavily
shock- nduced features of known ureilites providngw ith an unique sanple to clarify fom a
tion of ureilites

4.4 Carbonaceous chondrites

Ca, Alrich nchsions (CAIs) are typical can ponents of Carbonaceous chondrites

which consistof refractory oxies and silicates predicted by gas solid condensation of the so-
lar nebula They are probably the first assamblages formed in the solar nebula Further
morg CAls show °O-enriched isotopic anan aly and have isotopic excesses due to decay of
short lived nuclides CA Is are the key canponents to clarify orgins of the shortlived nu-
cldes and fom ation and evolutbn of the solar nebula Based on textural features CA Is
are classified as coarse-grained and fine-graned each diviled into varbus petrographic
types accord ng to modal canpositbns Coarse-grained CA Is are large and visible on the
surface of hand sanples and were ntensely studied It appears that ndividual chem ical
group of catbonaceous chondrites has different types of CAls The carbonaceous chondrites
and unequilbrated ord nary chondrites collected n G roveM ountains supp ly w ith samp les for
systematic can parison of CA Is an ong chem ical groups of chondrites Survey of the prin itve
m eteorites found m any CA £, Sudy of hese CAls and previous analyses of CA Is fran
the ungrouped N ingqiang carbonaceous chondrite and other unequilbrated chondrites fell n
China reveal sin ilar distribution pattems of petrograph ic types and sizes of CA Is fran varr
ous groups of chondrites’™. This discovery suggests thatm ost of CAIs have sinilar orig ns
and reservoirs V arious abundances and distinct alteratbns of CAIs anong chean ical groups
of chondrites are consistentw ith their transfer fran same reservoirs and being altered under
different redox conditions in the chondrite-accreting regions
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4.5 Cosnogenic nucldes of GRV m eteorites

A fier ejected fran parent asteroids by mpact events and before fell on the Earth me
teorites were irradiated by cosnogenic ray exposure ( CRE), producng noble gases and
shortlived radionucldes G iven cam positions and flux of the codn ic ray, concen trations of
cosnogenic noble gases ofm eteorites w ith know bulk canpositbns correlate with exposure
tme so do shortlived rad bnucldes before saturation A fter fell on the Earth concentra
tions of the short-lived radionuclides decrease due to decay hence detem ne how long he
m eteorites lying on the Earth ( terrestrial ages). Cosnogenic noble gases of > 20GRVme
teorites werem easured in an ntemational cooperation Most noble gases are cosmogenic
w ith little contan nation of the terrestrial amosphere by weatherng This ndicates good
preservation of them eteorites under very cold and extrenely dry conditions n Antarctica
GRV 98004 w as found to have a very short CRE age (Q 005M a)'”** accordng to analy-
sis of the noble gases one of the 4 meteorites w ih CRE ages of < Q 1M a The shortlived
"“Be and A 1 of the above meteorites have also been analyzed 1 order to deter ine their
CRE ages paraneters of their ortbits and terresirial ages M easurements of standards show
good quality of the datd *, and those of GRV m eteorites are in progress

4.6 Shock metamorphisn of GRV meteorites

C lassification of GRV m eteorites show s that a large fraction of equilibrated L. chondrites
are heavily shocked with occurrences of shock-induced melt vens and pockets
Fengetal ' found predan hantm ajorite-pyrope (up to 3 Um in size) n the melt vens
in a L5 chondrite (GRV 052049). Silicate fragn ents entrained in melt vens are round or
enbayed n shape andmost grans of olivihe contan ringwoodite along the boundaries and
fractures Crystals of ringwood itew ere also found n the centers of large olivine grans The
ringvoodite is very heterogeneous with the Fa content varying fran 36 mo% to 75mo%.
FeO contents of olivhe coexistng ringwoodite show sknificant decrease ( Fa,,,). The
chem ical variation of ringwoodite and olivine ndicates equilbrium diffusbn of Fe andM g
beween both phases under hzh pressure and temperature The diffusive process shoud
have last for enough tme Concentric zoning texturew as found n several lage grans of olr
vine n themelt vens with bw-FeO dark bands ( Fa;; ;) altemating with hgh-FeO bright
ones (Fay,s). Both dakk and brght bands are olivhe accod ing to Ran an spectra A pos
sibility is that the grains of olivihe were transfom ed to FeO-rich ringwoodite and FeO-poor
w adsleyite lam ellae by a strong shock event and later retrograded back to olvine In addr
tion thn layers (< 10 Pm) of ringwoodite were found in the host rock n contactwith the
melt vens ndicative of i portance of hgh temperature during fom atbn of high pressure
polymorphs

Feng et al '*"

found systematic shift of Ranan spectra of ringwoodite with different
FeéO contents Based on a large number of analyses they established a function between the
peak shift and the FeO contents of rngwoodite Itmeans that it is possble to obtain both
crystographic and chem ical mfom aton of ringwoodite smultaneously by Ranan spectra

This discoverym ay have mportant app licatbns in future deep space exp loration, € g n st
tum easuren en t of chan ical cannosition of rngwoodite. in. the south pole A itken crater on
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the M oon and other large craters on planets A nother potential app lication is on-line m eas
urement of chemical can positions of ringwoodite n equilbrum w ith other phases under

hih pressure and temperatures n the dianond anvil
5 Prospects

Discovery of the large number of GRV meteorites has great contributbn to the progress
of cosm ochen istry and planetary sciences in China TheM oon exploratbnm ission of Chna
is gong onwell and the deep space exploration has been one of the N ational G uidelnes on

M edum- and LongT em Progran for Science and T echnology Development with dem ands
of cosnochem istry and canparative planetology development in China W e shoul contnue
to search meteorites in A ntarctica in order to collectmore extraterrestrialm aterials In ad
dition we need to classify them eteorites collected m Antarctica abasic but mportant rou-
tme work A lso mportant are canprehensive studies of thesem eteorites in order to clarify
key processes and events during fom ation and evolution of the solar system.

5.1 Collection of antarctic m eteorites and interp lanetary dusts

G rove M ountamns is one of the mostm eteorite-enriched region on the Earth 9834 me
teorites found n 4 tmes of exploration It is noted that the 22nd CH NARE collected most
of he 5354 meteorites in the sane areas where had been searched by the field tean of19th
CH NARE with discovery of4448 m eteorites This indicates that a large number ofmeteor
ites have em erged on blie ice for an nierval of 3 years only. The strongw ind notonly evap
orated blue ice but change spatial distribution of fim on blie ice A fter ramoved the thin
layer of fim meteorites w ill appear on the surface If s mportant to search for meteorites
in this region every few years mn order to increase the antarcticmeteorite collectbn of Chr
na

Besides Grove M ountaing m eteorite search in other regions may be consdered n fr-
turg according to mprovement of capability of antarctic exploration For instance te
south Prince CharlesH ills locate east to Lanbert G lacier and are only 440 km fran G rove
M ountans The altitude occurrence of blie ice and landscape of the south Prince Charles
H ills appear sin ilar with Grove Mountans probably with meteorites concentrated too
M any m eteoritesm ay be collected n T rans'AntarcticM ountains regard less where have been
searched m any tmes by USA field teams

Besdesmeteorites antarctica is good site for collectng mnterplanetary dust particles
( DPs). Large mass of IDPs are depositing on the Earth every year besides m icraneteor
ites DPs coull be more prinitive than meteorites M ost of antarctica is covered by snow
and ice and locates far fran rocky lands less diluted by terrestrial dust particles H ence
relative abundance of IDPs in antarcitic snow and ice ismuch higher than those n other re
gions on the Earth Collectbn of IDPs should be consilered n future antarctic exploraton
and study of antarctic IDPsw ill be a new field n Chna
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5.2  Routine classification of antarctic m eteorttes

Supported by the Experm ental S tandard ization and Sharing of the Polar Region B iolog-
ical and G eological Samples Project 2433 GRV m eteorites have been classified H owever
there are another 7400 m eteorites to classify and the total nunber could be increased by
future m eteorite search Classification of antarctic m eteorites will be a long-term routine

w ork

5.3 Frontiers and hot pots of antarctic meteorite research

Asmentioned above 10% of 684 meteorites classified are special ssmples includ ng
2 martianm eteorites 2 eucrites 6 ureilites Smesosiderites 1 pallasite 1 won 10 carbo-
naceous chondrites and 40 Type 3 ordinary chondrites In addition 20 ordinary chon-
drites w ere heavily shocked with occurrence of m any high pressure polym orphs and their as
semblages openng aw ndow to the deepm antle of the Earth Based on the largeGRV me
teorite collection below topics of research are proposed

Study of martian m eteorites Besides theM oon the M ars will be am ajor target of
deep space exploratbn for a long period In additbn martanm eteorites are the only avait
able sanples of he red planet for analysis in laboratories before the sanples reumed O f
the GRV meteorites there are wo martian m eteorites and both are classifed as hermlitic
shewottites a rare type ofmartianm eteorites Camprehensive studies have been conducted
on GRV 99027 but there are many issues unsolved, especially dating of crystallizaton
shock events cosm ic ray exposure history and terrestrial age Prelin nary analysis of GRV
020090 reveals significant differences fran otherS lherolitic shergottites reported earliex
probably sanpling a new location on the M ars In addition most of GRV meteorites have
not been classified and morem artianm eteorites or even lunarm eteorites are expected

Presolar grains in meteorites Chondrites contain various canponents of the solar
nebula The most primitive chondrites w ere suffered little them al m etan orphign in their
parent bod ies and well preserved presolar grains that are products of earlier generaton of va
rbus stars They are the only available materials fran other stars which can be analyzed n
laboratory. Isotopic cam positions ofm any elements of the presolar grans have crucial con-
strants on astrophysical models of different types of stars M eanwhile m neralogical fea
tures and chem ical can positions of the presolar grans reveal physicochean ical conditions of
ejecta of stars at their last stage of evolition In addition canparative study of presolar
grains an ong different chem ical groups of chondrites reveal their spatial distrbution n the
solar nebula which is related w ith orign of the latter

Short lived nuclides in m eteorites M eteorites are the oldest “ fossils” of the solar
systan and contan nfom atbn of its early evolution nchiding presence of isotopic excesses
(or ananalies) fomed by decay of shortlived radionuclides H alf-life of the shortlived
nucldes ranges fran Q 1 to 100M a m uch shorter than the age of the Earth and hence all
of them are extnet The halflife of the shortlived nuclies is canpatiblew ith ntervals be
w een various events in the early solar system, they are canmonly used for isotopic dating of
these events including condensaton of the solar nebulg flash heatng low-ten perature al
teration,  and segm entation, of the corem antle-cmust of nlanets, Furthem ore, orgns of he
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short lived nuclides are related wih fom ation of the solar nebula They m ay be produced
by strong wrradiation of the solar energetic particles or njected fran aneighborng supemo-
va that probably rigered collapse of the nebula to fom the solar systam. In addition de
cay of the short lved rad bnucldes had the most m portant conirbution to heat sources of
the early evolutbn of asteroids and planets A key issue of shortlived nuclides is their spa
tial distrbution in the solar nebula which has crucial constraints on origins of the short
lived nuclides and n tum their app licatbns for isotopic datng

Condensation and A ccretion of the solar nebula A smentioned above unequilr
brated chondrites are deposits of various canponents of the solar nebula ncludng CA Is
chondrules opaquem neral assemblages m neral fragn ents and fine-grainedmatrx These
canponents were formed by condensation of the nebuly flash heating and other events On
the other hand various groups of chondrites accreted in different locatbns of the solar neb-
ula representatie of the chem ical gradient of the solar nebula Camparative study of varr
ous groups of chondrites w ill clarify condensation and accretion of the whole solar nebu la
The key issues are origin of oxygen isotope ananalies genetic linkage between CA Is and
chondrules accreting regions of individual groups of chondrites and chemical fractionation
of the solar nebula

M elting fractionation n early solar systan and formation of the corem antle-
crust of planets Fom ation of the coremantle-crust of the Earth and other terrestrial p lan-
ets and cam positions of the metallic cores are fundam ental issues of Earth Sciences and
canparative planetology. A chondrites stony rons and ronm eteorites are available samples
of the earlymeling fractionation of solar system. Trace elem entpartiitbning beween m etal
and silicates of differen tiated meteorites have constraints on the fractionation bew een m etal
and silicates of planets and their initial buk canpositions (or redox conditions); existence
ofm agn a oceans n the early histories of asteroids and terrestrial planets datng ofmeltng
fractionation of asteroils and planets fractional crystallization of ronmeteorites and hetero-
geneous chen ical canpositions of the metallic cores of the Earth and other terrestrial p lan-
ets

Shock m etamorphisn ofm eteorites and m ineral composition of the deep mantle
of the Earth M ostnatural high-pressure polymorphsw ere found inm eteorites and coesite
and stishovite n craters fomed by mpact ofm eteorites M eteoritesw ere excavated fran as
teroids and planets by mpact events hence canmonly experienced strong shock m etan or
phisn and fom ed various high-pressure polym orphs A s mentbned above about 200 of
ord nary chondrites collected in G rove Mountans w ere classified as 2S4 of shock degreq
and they are excellent samples for study of the Earth® s deep interior O f the num erous
heavily shocked meteorites there may be new high-pressure polym orphs mnchid ng m eta
stable ntemediate phases In additbn partially due to high heterogeneity of shock m et
morphisn, it is possble to preserve products of various shock stages and P-T-t track in ret
rogradatbn. W ith canbined focused ion bean (FIB) cuttng technique and nanoSMS it is
possible to map trace eleam ents of high-pressure polymorphs which will clarify mechanis
and dynam ic procedures of phase transforation under high pressure and tanperature condr
tions
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6 Conclusions

A1l four fied surveys of Grove M ountains found m eteorites and the total number of
GRV m eteorites has been updated to 9834 GroveM ountans has been known as am ostm e
teorite- enriched area in theworld The spatial distribution of GRV meteorites suggestm ore
sanples there to be found, and meteorite searchng project should be continued Further
morg meteorite searchng in other regions e g south Prince CharlesH ills and TransAnt
arcticM ountaing should be considered in future antarctic research exploratbn In addr
tion, establish of the new station n Dane A will provide a chance to collect IDP fran snow
and ice

A total 0f2431 meteorites have been classified up to datg and there are 7400 GRV
m eteorites ramained n the refrigerator The number of unclassified m eteorites w il be n-
creased n future antarctic research exp bration C lassificatbn of antarctic m eteorites is an
mportant and long-tem rou tine work

M any m eteorites of rare types mnclidng m artian meteorites and eucrites have been
studied n detail The study of the o lTherzolitic shergottites revealed their crystallization of
magna shock and them alm etanorphisn, CRE histories and constraints on the coreman-
tle fractionatbn of theM ars Besides collectng and classifyng of antarcticm eteorites m ore
canprehenswe sudies of these sanples should be conducted Based on the GRV meteorite
collection, the future researches may be focused on presolar grans and the short lved nu-
clides n prin itve meteorites chondrites and condensation of the solar nebula differentix
ted m eteorites and meltng fractionation of planets and shock metanorphisn and can posr
tions of the Earth’ s deep nieror
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