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Abstract M eteorites are the extraterrestrial rocks which provide mnsights mto the
origih and evolutbn of he sobrsystan. During the past half century a greatnumber
of m eteorites has been discovered on the Antarctic Ice Sheet confim ng that he Ant
arctica is them ost in portant m eteorite concentraton area on the earth Since the first
four Antarcticm eteorites were found in G ove Moun tains n 1998 a total 0f 9834 m e
teorites have been collected by four subsequent expeditbns It opens a new field of
meteorite study in China and also acaum ulates a great deal of scientific sanples for
China Recently classification of G wveM oun tains meteorites has been carried out for
6 years andmade following progresses (1) 2433 meteories which nclude many
special meteorites e g M arthn meteorites ureilites and carbonaceous chondrites
have been chssified (2) the Antarctic meteorite curation and the sanple sharing
systan are set up prelmiarily (3) te classificaton procedurg the m anagam ent of
meteorite sanples and the app lication procedure for the A ntarctic m eteorites are com-
p leted after the systan atic classificaton during these years (4) young generaton re
searchers onm eteorite are traned through the cooperation ofm any un wersities and -
stitutes on m eteorite ¢ hss ificatbon

Keywords Antarctca Grove Mountaing classificaton ofmeteorites chondrites
achondrites

1 Introduction

Since 9 meteorites w ere discovered n Y anato M ountains by Japanese A ntarctic R e
search Expedition ( JAPANARE) in 1969 a series of meteorite surveys have been per
fom ed along the boundary of the huge ice sheeton Antarcticabym any ntematonal Antarc
tic expeditions e g JAPANARE and ANSMET and also got a great achievement onm ete
orited ™. On the one hand the number ofmore than 40 000 m eteorite san ples found n
A ntarctica ismuch lager than that of the historical collection fran the other continents On
the other hand more than fifty meteorite concentratbns are found along the boundary of the
ice sheetwhere provide large nfom ation on feld distrbutbn ofm eteorites and also give n-
sight into antarctic m eteorite concentratbn m echanics . In addition, sane other mportant
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discoveries e g the relict fossil of life on them artian meteorite and san e new type ofm e
teorites have been gotien on the research of thesem eteorited®’. A large number of typical
and precious m eteorites were kept in the ice of the contnent is due to its special environ-
ment and weather conditions Therefore the meteorite survey has been one of the most m-
portant and shinng projects on A ntarctic research expeditbns

Since the first 4 m eteorites was found in Grove M ountains n 1998", the subsequent

m eteorite surveys in this region were performed so successfully that the big collection of
9834 m eteorites have beenm ade and then Chna hasbeen one of the rich countriesw ith ant
arctic meteorited °'"!.  Therefore the classification is one of the key tasks for Grove
M ountans m eteorites Since 2000 a series of classifications of Grove M oun tans meteorites
have been performed and 2433 GRV m eteorites are classified. In this paper the history
results standards the processes of GRV meteorite classification in Chna are introduced
and the problan s encountered on the classificatbn of GRV meteorites are also discussed

2 The Classification history of GroveM ountainsM eteorites

Snce 200Q six tmes of classifications on GRV m eteorites are finished, now all classt
ficatbn results are subm itted to the Nan enclature canm ittee and issued in theM eteoritical
Bulletns Based on the organization ways of meteorite classification the classificatbn on
G rove M ountans m eteorites is artbitrarily divided nto three stages as bellow s

2.1 The early initiation stage ( before 2000 )

During this period the fist4 meteorites found n GroveM ountans w ere classified by
the cooperation of IGGCA'S and Pek ing University . Except GRV 98001 the threem ete
orites of GRV 98002 98003 and 98004 w ere studied and analysed on their petrology and
m neralogical canpositbns n detail In order to canm en orate the finding of Antarcticm e
teorites and keep its ntegrality GRV 98001 wasn’ t cut tom ake thin section and didn’ the
analysed on its petrology and m neralgoy. Then it' s roughly classified as stony meteorite
only based on its structure and canposition of fusion crust Though during this classification
only a few meteorites are wotked and the classificaiton procedure is not perfect it has he
great significance of ndicating the begnnng of Antarctic meteorite research in China

2.2 The criterionfom ing stage (2001 - 2004 )

This stage is about fran 2001 to 2004 In the 1999/2000 austral field season 28 me
teorites were collected by the 16th CH NARE, mndicative of anew meteorite-enriched region
found n Antarcticd ®. The workshop of classification w as organ ized by Chinese A rctic and
A ntarctic A dm inistration and supervised by Chnese Canm itiee of Antarctic M eteorites
During this period we fnished wo taskes One task is to classify 28 meteorites The other
task is to set up the procedure and criteria of classificaiton ofmeteorites Smnce there lacks
an experience of classificatbn for a batch of m eteorites in Ching four work ng groups of
Guangzhou Institute ofGeocheam istry CAS Instiute of G eology and G eophysics CAS  In-

stitute, of G eachem istry, CAS - and NanjngUniversity cooperated to fnish. the classification
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of all 28 meteorites First thesem eteoritesw ere cut into four sets and worked separately by
the four groups then the results of classification were canpared and the types of themeteor
ites were identified after the discussion at last ™. Then they are sulm itted to the N anen-
clature Canm ittee of the M eteoritical Society and accepted nM eteoritical Bulletin' . A £
ter this classificatbn  the procedure of classification and criteria of d ifferen tm eteorite types
have been set up primarily  In 2003/2004, under the supervision of Chnese Canm itiee of
A ntarcticM eteorites the second systan atic classificatbn has been perfomed The sanple
for this classification are 51 m eteorites chosen fran the 4448 m eteorites that were collected
by the 19th CHINARE'". Though this tine the classification task are fnished by the sane
fourwork group the 51 m eteorites are divided mto four group and the different work group
has separate sanples During this wo tines of system atic classification of GRV m eteorites
the w otk procedure of classification and the criteria of meteorite types have prim arily built
up for A ntarcticm eteor ites

2.3  The stage of of the share plaform construction of Aniarciic m eteor ites

During 2006—- 2008 under the support of the project on the construction of Scientic
nature resources p latfor, we began the systam atic classification w ith batches of GRV m ete
orite specmen and constructed the library of meteorites and share platfom at the same
tme Under the organization of Polar R esearch Institute of China (PRIC), the classifica
tion has been finished by the eightworkng groups mncluding Guangzhou hstitute of G eo
chem istry CAS Institute of Geology and Geophysics CAS Instiute of Geochem istry
CAS GuilinUniversity of Technology, and Nanjing University The annual tasks ofm ete
orite classification are 600 800 and 950 respectwely in 2006, 2007 and 2008, Now, all
the classified meteorites have been declared to he Internatbnal M eteorite N an enclature
Canm ittee and issued in theM eteoritical Bulletns "'

3 The classification result of G rove M ountainsM eteorites

The classification results are summaried in Table 1 Except one meteorite ( GRV
98001) was only classified roughly all otherm eteorites are classified nto various chem ical
groups accurately Besides the m ajority of ord nary chondrites the classified GRV meteor
ites nchide 29 achondrites 20 caitbonaceous chondrites and 1 enstatite chondrite

3.1 Special or rare types of m eteorites

M artian meteorites There are wo martianm eteorites GRV 99027 and GRV 02009Q
found n GRV meteorites Both of then are he herzolite ™ *'.

HED meteorites Two HED m eteorites are GRV 99018 and GRV 051523 Both of
them belongs to eucrite achondrited * "

Iron m eteorites Only one iron meteorite GRV 9803 was found in the GRV region I
s found by the 1st expeditbn n 1998 It s a very fine-graned octahedron iom and weighs

282 2 4",
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Table . The Result of C hssification ofGRV m e teorites
Results
Class Clan G oup
2000 2002 2004 2006 2007 2008 others
CI CI
€O M 3 2 1 1
CO 1
CvV 1 5 1
CC CVLCK
CK 1
C 1 1 2
CR CH
CB
H3 2 14 7 9 1
H4 3 2 58 91 100
H5 1 1 9 86 118 147
H6 2 1 28 43 39
H7 1
Chondrites ntrograup
L3 6 12 9 2
L4 3 3 19 22 21
0C H-L-LL L5 1 1 12 152 162 275
L6 5 6 199 323 342
L7 1
L( m pactm elt) 1
LL3 1 5
LL4 2 1 7 2
LLS 3 1 4 2 1
LL6 1 2 7 1
M etal 3 1
EC 1
R group
K goupkt
U reilite 3 2 3 1 1
B rachinite
) ACA-L.OD A capuleoite 1
al:hr$ 3 ?i]te Lodron ite
W nonaite 1
W N-IA B-IIICD IAB
11D
IC TAB IC
Tron ID TE TTAB 1

[IIE VA NB
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Table 1. The Result of C hssification of GRV m eteorites

Results
2000 2002 2004 2006 2007 2008 others
Shergotite 1 1

Class Clan G oup

M artian N akh lite
m eteorites Chassinite

O rthopyroxen ites

Lunarme teorites

Eucrite 1 1
HED D bgen ite
H owardite
A ubrite
Angrite
M esosiderite 4 2 4 1
Pallasite 1

A chondrites

S tony m eteorite

Total 4 28 51 598 802 950 3

Data are cited fran litermtured > ™ ™ 220177

Stony Iron Fwe stony irons of these classified m eteorites were found They are GRV
055364(396 4 g), 050212( Q 96 g), 020175( L 54 g), 020214( 1L 47 g) and 021525
(3 87 g). All of thean are mesosiderites Except GRV 055364 has a relative big mass
which is396 4 g the others are very small ( less than 1 g).

U reilites There are 9 ureilites found in our classificatbn They are all tyical ureilites
ormonan ict ureilites Among them, GRV 024516 and GRV 022382 belong to the type 11
wihmedum Fa ( Fal5—18), while GRV 021512 021729, 021788 and 02293 are he
type [ wih FeO-rich type (type I Fa> 18)'%,

Carbonaceous chondrites 10 carbonaceous chondrites found in he classified meteor
ites nchdeS (Mg 2CO0s 1CVs 1CK and 1 CR. Except the CR meteorite ( GRV
021710) ismore than 400 g n mass others catbonaceous chondrits are very small w ith

m asses less than 10 g

3.2 Ordinary chondrites

O f the classified GRV m eteorites 9% are ordnary chondrites and same metals are
also classified into ordnary chondrites by the can positions of silicates Fig 1 shows the
distribution pattern of chem ical groups and rock types of ordnary chondrites And Fig 2
and Fig 3 display the shock stages and w eatherng degrees of these ord nary chondrites
Based on statistics and he above histograns the man characteristics of GRV ord nary
chondrites can be drawn as folbws

(1) The L chem ical group is the biggest one an ong the hree groups of o inary chon-
drites acounting formore than a half (64% ); H group is snaller with a proportion of
3% ; the LL group is the snallest the proportion is only 4.
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Fig 1 H istogran of chem ical goups and wck types of ord mary chondrites fran Grove M ountaing A ntarctica

(2) The rock types of 5 and 6 are dan natngw ith the proportions of 41% and 37%
respectively while the types 3 and 4 account for anall ratbsw ith the proportians of 15%
and 6% .

(3) The GRV ord nary chondrites have different shock stages of S1 to S3 They have
the distribution with a peak of S2 and more than half of e ordinary chondrites have he
heher shock stages S3 to S5 which usually have shock melt vens

(4) W eather degrees GRV m eteorite sanples are much fresh relatively and the low
weatherng degrees of W 2 and W 3 account for alnost all the samples indicatng that he
concentration history of GRV meteorites are young
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Fig 2 Dstrbution of shock stages of Grove M ountains ordinary chondries
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Fi 3 H stogran of weathering degrees of Grove Moun tains ord nary chondrites
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4 The significance of GRV m eteorite classification

Based on the feaires of the petrological texture m meral assanblage chemical can-
position etg the chemical groups or rock types are classified and then their relationsh p can
be identified The main significanc of them eteorite classification nclides wo aspects one
is to provide findanental data for the firther research ofmeteorites and the better canparr
son between the groups the other is to get nsights nto the origh and evolution fran the
m eteorite inform ation Classification is in favor of getting new nfom atbn ofmeteorites and
find ng new types ofmeteorites Furthemore the big collection of A ntarcticm eteorites has
proviled abundant sanples fran the asteroids or the planets for the scientific research, fran
which we can getm ore infomation of both the solar systan and other planets especially he
types and anount of the asteroids Therefore the m eteorite classification is an mportant
fundam ent work form eteorite research and cosnochen isty. During these years nearly ten
thousands m eteorite sanples have collected in the GroveMountans regions by CH NARE
then a great deal of efforts have been nvested nto the classificatbon of GRV m eteorites
Hence the collecting and classification of GRV meteorites w ill be an inportant contribu tion
to the meteorite study and antarctic sciences n China Besides the above, there are sane
other mportant achievem ents on GRV m eteorites as be llow:

(1) Through the systamatic classification a large deal of fundam ental nfomation of
GRV meteorites have been achieved and the database of Antarcticm eteorites also have been
built up It hasmade an m portant contrbutbn to the Constmuction of Chinese N atural Scr
ence R esources Platform. A dditionally there are a few tens thousands ofmeteorite samples
discovered in Antarctic ice sheet and the deserts but they are very lm ited relative to he
constituents of the solar system, therefore the discovery of GRV m eteorites is still an m-

portant supp leament to the meteorite resources

(2) A lot of rare and special types of meteorites ofwhich are devod in Chmna before
are discovered, e g martianm eteorites HED clans ureilites and san e groups of carbona
ceous chondrites They are fillng the gaps of m eteorite types n Chinese meteorite curaton
Obviously, the big collection of GRV m eteorites not only is one of the m portant achieve
ments in CH NARE but also w illm ake prefound influence on cosnochen istry and p lanetary
sciences n Chna

(3) By the systam classification we have got the distrbutbn infomation of GRV m e
teorite types and then we can analyse the smilarities and differences which benefit for he
m echanics ofm eteorite concen tration in Grove M ountains

(4) The classification study w ill provide the fundam ental data and basic nfomation
for the further researches on G rove M ountains m eteorites

5 Criteria of m eteorite classes and regulations on GRV m eteorites classification
5.1 The criteria on m eteorite classification

5. 1.1 Types and groups of m eteorites
7In order to.get nsights nto the org n ofm eteorites and hetter understand the relation-
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ship anong than, i’ s sgnificant to classify the m eteorites which have just found The
modem systam of m eteorite classification generally ncludes division class clan group
and subgroup The group or chemical group, which represents the m an bers of meteorites
caning fran the san e parent body or sane source regbn If sane different chem ical groups
share the sm ilarity on chem ical canposition and m neral chem istry, they will be gathered
into a clan And if a group has fractionation n canposition during the planetary processes
of its parent body its m enbers can be subclassified nto subgroups The schane of class
clan and group is wilely accepted the detailed classification scheme is listed in Table 1
but there are sane subtle difference on the dvidon e g chondrites and differentiated m e
teorited 7';  chondrites and nonchondrited *'; und ifferen tiated meteorites ( chondrites),
prin itive achondrites and d ifferen tiated m eteorites ( irons stony irons and achondrites)' .
The key point of meteorite classification is to identify the chemical group but the rock types
need to be done to chondrites

The paran eters or bases to classify m eteorite types include petrological features m n-
eral chem istry bulk canposition and oxygen isotopes etd ™. Besiles the above paran e
ters the Mn/Mg ratb is also a very mportant paraneter to classify the achondrite

groups .

5.1. 2 Shod: stages and iis metamorphic ¢ffects

Generally the meteorite formation processes include nebular condensation aseroil
fomation asteroid collision, escaping fran its parent body, passing through the earth at
mosphere and land ing on the earth surface Fran the evolution processes ofm eteorites it
s easy to fnd thatnearly all the meteorites have been experienced the shock events in varr
ous degrees Therefore te shock m etan orph ic effects are the basic features for ameteorite
and are one of the content of m eteorite classificatbn A ccordng to the Stoffler’ s criteria
the shock stage can be jidged by itsm etan orphic effects on olivine and plagioclasé ™. The
shock stages and their classifyng criteria are listed in Table 2

Table 2 The shock stages and it shock effects of silicates
Shock stage S1 S2 S3 S4 S5 S6

Nom al extinction

M nemal fracture

Undu htory extinc tion

Planar fracture

Shockmelt vein

Mosat extinction
M askelynite
Solid phase- transfH m atn

H ©h pressurem neral( e g ringwoodite)

5. 1.3 Terreswrial Weathering D egrees
The terrestrialw eather degree is a sgn to indicate he freshness of ameteorite In or
der to, know, the alteration, or .oxidatbn degree which a meteorite sannle has undergone
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san e qualitatve paran eters or indexes are used for desert and antarcticm eteorite samp les

The w eatherng degree is generally how much the sanple is oxdized after it fell on the
earth. Becausemetal and troilite are easy to oxidize nto lmonitg so the an ountof lmonite
is the key param eter to classify its weathering degree A fter the metal and twoilite are oxr
dized out the alteration of silicates is another param eter for thew eaterng degree There are
different criteria for hand specmen and thn section e g the meteorite work group of
NASA Johnson Space Center inH ouston uses he A B C to desgnate the light m ed um,

heavy rustness and degree of fracture respectively for hand specmen W hile theW lotzka’

s criteria are used for the weathering degree of the thin sections 1 e WO represents new
fallng m eteorite w ithout any ox tlation W 1 has less anount of lmonite around the metal
and troilite grans the vobme is less than 20% ; the degree of W 2 has the anountof lno-
nite of 20-60%; W 3 is amuch higher degree with the lmonite anount of 65-95%; I the
degree of W 4 there is almostno metal or troilite left and silicates begn to alteratd **. Mo
reover Bland proposed a new schane for thew eatering degrees in tems of the Fe™ content

[39]

detected by theM oessbauer spectum'”™, but i s notw idely used in themeteorite classift

catbn
5.2 The construction of classification procedure for GRV m eteorites

5.2. 1 Samp le processing

Due to the rareness ofm eteorites w e should make full use of the samples durng the
processng and avoid the wastng of them. Sq the thin section is used for the analyses only
The canplexity of m neral assanb lage of m eteorites especially the m x ofmetal and silr
cates makes it hard to grind the thin sectbn since the metal grains are easy to lose fran
the glass fbor Generally, the snall sanple need to be mounted in epoxy resin fist The
cut process shoull be carried outwith ulirathn diamond blades The processng procedure
tomake the thn section is as follows

The splitting or cutting of original ssmples— epoxy resin mounting— slicing— ad-

hering to glass- grinding( to nom al thickness) — polishing

5.2. 2 Petrological observation and thewr rock types

The petrolog ical texture ofm eteorites is observed by usng the op ticalm icroscopy and/
or electric scannng m icroscopy, then the rock types are estmated w ith the petrological fea
tures The various groups of meteorites have different petrology which is the key factor to
judge the rock types Thereforg the observation of petrology is the first and key step for he
m eteorite classificatbn

For the chondrites the petrological observation nchides chondmle texture ( chondmle
type siz¢ boundary defnition etc ), metal and troilite (volime¢ gran size and their pro-
portion), refractory nclusions( CAI) ( anount type and size etc ), matrk ( vobme
transparency, recrystallizatbn and hydrous alteration W hile for achondrites the petrologr
cal observation includes texture ( the gran size ofm neral the relationship anong then),
m neral assemblage and m neral alteration etc
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5.2. 3 Them ineral canposition and chenical groups

On the basisof the above petrological observatbng the divisions of chondrites achon-
drites and prim itive achondrites can further to be classified into chem ical groups respective
ly by their canpositbns In the early days of classification, the chem ical canposition can
be m ade by the bulk analyses then the chen ical groups can be dentified with the abun-
dances ofmajor elanents of Sj Fe andMg Butnov, n ower tom ake full use of or to pro-
tect sanples the classification of mostm eteorites is perfomed on the thn sections te
chem ical groups are classified by the an ountofmetal and silicate canpositionsm easured on
the thin sections The mamm ethod form neral canpositon is the electron probe of micro-
analyses (EPMA). Now m ore m ethods have been tried for the m neral canposition e g
the electron scanning m icroscopy and X-ray diffraction

Based on the above petrological features nchidng the metal content chondrule vol
ung size of chondrule vobmes of CAT and anoiboid olivhe agregatbn and the m neral
canpositbn chondrites can be classified into various groups . In addition on the basis
ofm neral asssmblage petrologic texture and chem ical canposition, even the oxygen iso-
tope can position, the achondrites can be distinguished nto different groups e g onme
teorites stony ironm eteorites primitive achondrites martian m eteorites HED m eteor ites
lunarm eteorited ™ *!. But the groups of irons are classified by their trace elan ent abun-

dances which generally were m easured by the nstrument nuclear action analyses ( INAA )
but now are tried by the ICP-M S wih a good results

5.2.4  FEstination of metal content

The contents of Fe-N ialloy and troilite are also the mportant param eter to class chon-
drite groups There are wom ethods to estimate the contents ofmetal and woilites Generat
ly the contents of metal and toilite are m easured under the reflective mode of optical m t
croscopy The opticalmethod has sanemerits First it ismore intuitionistic and easier to
m easure the proportions of Fe-N ialloy and troilitg Second, it s also convenient to observe
their shape sizg disirbution and occurrence etc But i’ sdisadvaniage is that the uneven
distribution of metal and troilite distribution causes the accurate measuranent sanetin es
Anotherw ay for the contents ofmetal and troilite is them easuram ent of the susceptbility of
the m eteorite samples which is effective way to judge the relative an ount ofm eteorites I
the classification of GRV meteorites we have tried to udge the group ofm eteorits with the
susceptbility and found i’ s useful for the majority ofm eteorits

5.2.5 The shock stages

The shock stage is one of the mportant tasks ofm eteorite classification It usually fn-
ished on the standard thin sectbn First under the opticalm icroscopy the shock effects of
silicates are observed then, by the electron scanning m icroscopy and the R an an spectros
copy the phenanena of opaque mineral distrbutbn and high pressure minerals are ob-
served and dentified. Based on the above shock effects the shock stages can be udeged
which are listed detailed n Table 2177/,
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5.2. 6 Thew eathering degree

A ntarcticm eteorites have relatve light weathering degrees n which only metal and
troilite are oxdized and few of silicate grains areweathered So the estm atbn of theweath-
ering degreesmanly is tom easure the oxidation extentofm etal and troilite under the reflec
tive lght of the opticalmicroscopy mcluding the ratio of Imonite to the orghalmetal and
roilite volmes the width of linonite vens and the dyed color of silicates etc but san e
tmes it s needed to judge the alteration of silicates if the meteorite is weathered heavily.

5.3 The sharep latforn of m eteorites and the app lication procedure of m eteorites

A ccording to ntematbnal conventions allm eteorites found n GroveM ountains are dr
nan nated w ith its place nan ¢ differentm eteorites are plused w ith year and sequence num-
ber e g GRV 050001 Al found meteorites n Antarcticamust be classifed first then
they are declared to InternationalM eteorite N anenclature Canm ittee and have their respec
tive nanes Untilnow 2433 GRV meteorites have been declared and got their own names
which are issued inM eteoritical Bulletnd "', In the Bulleting the nfom aton of nam e
type found address mass shock stage andweatherng degree are included In order to
m ake full use of the samples and to protect the precious Antarctic resources under the sup
port of the national natural resources platform constructon project the sharing platiom for
the A ntarcticm eteorites has been established snce 2006( htip //birds chnare org cn/).
Through the platform, we can not only retrieve the classified GRV meteorites but also &
chieve the nfom ation of their types and other features Now on the platformn 2433 GRV me
teorites are issued w ith their basic nfom atbn and samp les photos

The workers of meteorites and the units for public propaganda arewelcane to apply the
samples to the A ntarcticM eteorite Canm ittee of Chna on the the Resource-sharng P latfom
of Polar Samples (htip //birds chinare org en/) onwhich there are the app lication pro-
cedures the regulations and the contacts

5.4  The scientific values and social sgnificance

Under the support of the national project of the natural resources shareing platform, not
only the classification of GRV m eteorites have been m ade much progress but also the ap
plication of GRV m eteorites has gone along well On the one hand iself has an mportan
significance of a new field ofm eteoritics in China and provides a great deal of samples for
the m eteoritists On the other hand the GRV m eteorite sanples have also been shown on
the natural or scientific exhbitions I conclision G roveM ountans meteorites have an m-
portant value but also expand the public effects or nflence of the expedition achievem ents of

CH NAREs

Acknow ledgan ents W e are very grateful toMr Zhang Jie and M iss Zhang Lihua for
their greathelp on the sanple processing and to A ssociate ProfessorsM ao Q ian and M aYu-
guang for their arrangem ents on EPMA analyses In addition the sanples are provided by
the PolarR esearch Instiute of Ching and thiswork is funded by the N ationalN atural Scr



108 M &o Bingkui and W ang D aode

ence Foundation of Chna (GrantNa 40473037 and 40673055) and GuangxiCollege T ab
ents Support Progran ( RC2007020).

References

[ 1] YoshidaM, AndoH etal (1971): Discovery of meteorites near Y anatoM ountaing East A ntarctica
Antarctc Record 39 62— 65

[ 2] YanaiK, KojmaH(1986): Over5 600 Japanese collectbn of Antarcticm eteorites Recoveries cura
tion and distrbuton IntemationalW orkshop on A ntarctic M eteorites  113- 116

[ 3] Fokol, CapraA etal (2002): The FrontierM ountain meteorite trap (Antarctica). M eteoritics and
P hnetary Scence 37 209- 228

[ 4] CassidyW, HaweyR et al (1992): Them eteorite colkction sites of Antarctica M eteoritics 27 490

- 525
[ 5] Hawey R(2003): Theorign and significance of Antarctcmeteorites Chen e der Exde Geochan istry
63 93- 147

[6] M&KayDS GbsonEK et al (1996): Search brpast life onMars Possble relic biogen i activiy n
martian m eteorite ALH 84001. Scencg 273 924— 930

[7] JuYL LuXC(2000): M eteorites collectbn in the G oveM ountans Antarctica Chmnese Journal of
Pohr Research ( inChiese), 12(2): 137- 141

[ 8] JuYT LuXC(2002): M eteories Colkction in the Grove Mountains Retospect and Poogpect Chr
nese Journal of PohrResearch ( in Chiese), 14 248- 251

[9] JuYT M no B(2005): The collectbn of 4448 meteorites n G mveM ountaing Antarctica n 2002—
2003 Confim aton of a nev meteorite concentratbn Chnese Journal of Antarctic Research ( m Chr
nese), 17 215- 223

[10] LnYT, JuYT etal (2006): Recovery of 5354 meteorites in Grove M ountaing Antarctica by the
22nd Chinese A ntarctic Research Expediton 69 th A nnualM eteoritical Soceity M eeting 5102— 5103

[11] MaoB OuyangZ et al (2008): New pogress on Antarctic M eteorites fiom GroveM ountainsg Antarc
tica ( in Chinese). Geobgical Science and Technology Infbmaton 27(1): 13- 19

[12] Chen ] LuX e al (2001): Classification of fourm eteorites from GroveM ountaing Antarctica A cta
PetwbgicaSinica ( n Chinese), 17 314— 320

[13] WangDD LinYT(2003): Overview of meteorite collectbns from GroveM ountaing Antarctica Chrt
nese Journal of PohrResearch ( in Chinese), 15(3): 161- 170

[14] Russell SS Zpfel Jetal (2002): TheM eteoritical Bulletin, Na 86 2002 July M eteoritics and
P hnetary Science 37 A154— A 187.

[15] RussellSS Folewo L et al (2004): TheM eteoritical Bulletn, Nao 88 2004 July M eteoritics and
P hnetary Science 39 A215- A272

[16] Conmnoly HC Zepfel] et al (2006): TheM eteoritical Bulletin Na 89, 2005 Septen ber M eteoritics
and Planetary Science 41 1383— 1418

[17] RussellSS ZolenskyME etal (2005): TheM eteoritical Bulletih, Na 89 2005 Septan bey M eteor
itics and Planetary Science 40 A201— A 263

[18] Comnoly HC Zipfel J et al (2006): TheM eteoritical Bulletin, Na 90 2006 Septen ber M eteoritics
and Planetary Science 41: 1271- 1419

[19] ComnollyHC Smith CL etal (2007): TheM eteoritical Bulletin Na 92, 2007 September M eteorit-
is& P hnetary Science 42(9): 1647 1694

[20] LiS WangSetal (2008): Chssificaton of 100 Grove M ountainsM eteorites and ther petmobgy Chrt
nese Journal of PohrResearch ( in Chiese), 20(2): 177— 188

[21] LiC Zhang L et al (2008): Study of ordinary chondrites fiom GroveM ountains n 2006 Ch nese
JoumalofPolar Research ( n Chinese), 20(2): 167- 176

[22] DaiDQ, Wang DD etal (2008): Them nembgical and petwbgical characteristics of 100 Grove
M ountansmeteorites Chinese Journal of Polr Research ( in Ch nese), 20(2):,153— 166



C bssification ofG wveM ountainsmeteorites and its s gnificance 109

M noBQ, Wang DD etal (2008): Classification of 100 Grove Mountains meteorites and prelin nary
pairing Chiese Joumal of PohrResearch ( in Chinese), 20(2): 141- 152

WangY, XuWB WangHN et al (2008): Them mneralogic and petwlogic characteristics of odinary
chondrites fiom GroveM ountains Antarctca Chnese Joumalof PolarR esearch ( in Chinese), 20(2):
129- 140

HuS LuT et al (2008): The wck types and chem kal groups of 100 Grove M ountains m eteorites
Chmese Joumal of PolarResearch ( mn Chinese), 20(2): 208- 218

W eisbergM K, M cCoy TJ et al (2006): Systan atics and E valuation ofM eteorite C lassificaton n M e
teorites and the Early Solar Systen II 19— 52

Wang DD} M o BK etal (2005): M meralog c-petwologic characterstics ofmeteorites and their classt
ficaton Chiese JoumalofPolarResearch ( in Chinese), 17(1): 45— 74

Lin YI, WangDD etal (2003): GwoveM ountains (GRV) 99027 A nevM artianm eteorite Ch nese
Science Bulletiy 48( 16): 1771- 1774

M iao BK, Ouyang ZY et al (2004): A New M artian M eteorie fran Antarctia G wove Mountains
(GRV) 020090 ActaGeobgica Sinica 78(5): 1034— 1041

LinYT, WangDD etal (2004): A tiny pice ofbasaltprebably from Asterold 4 Vesta ActaGeobgr
caSmica 78(5): 1025- 1033

LuT, LnYT, HuS et al (2008): GRV 051523 A new HED meteorite Chinese Journal of Polar
Research ( inChmnese), 20(2): 219- 228

Miso BK, Lin YT etal (2008): Petiobgy and m neral chemistly of new ureilites found n Grove
M ountaing Antarctica Progress nNaturalSciencg 18(4): 431-439

W asson JI'(1985): M eteorites Their record of early solar-systen history New Yok W. H. Freeman
and Ca, 274

Krot AN, KeilK etal (2004): Chssification ofM eteorites It Davs AM, ed Treatise on Geochem-
isty Vol T Meteorites Canets and Planets E kevier Oxford 83— 128

Clayton RN (1993): Oxygen isotopes inmeteorites Annual reviev of earth and p hnetary sciences 21
115- 149

Goodrich CA, Dehney JS(2000): Fe/Mg-Fe/Mn relatons of meteories and prinary heteogeneity of
prin itive achondrite parentbodies Geochim ka et Cosmochin ica Acta 64(1): 149— 160

Soffler D, KeilK et al (1991): Shock metan oiphisn of odinary chondrites Geochmica et Cosno-
chin ca Actg 55 3845- 3867

W lotka F(1993): A W eatherng Scale for the O rd nary Chondrites M eteoritics 28 460

Bland PA, Berty FJ etal (1995): W eahering of Ord nary Chondrites frim A keria and A ustralia as a
Clinatic Indicabr M eteoritics 30 487

Wang DD} M noBK, Lin YT(2005): M nemlogic-petologic characterstic ofm eteorites and thei chs-
sificatbon Ch nese Joumal of PohrResearch( n Chiese), 17(1): 45- 74



