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Abstract Shock effects 0f 93 G ove M ountains (GRV ) omd ary chondrites were
studied i thiswolk ncliding fracturg varbus typesofextincton and reciystallza
tion of silicates observed under op ticalmicroscopy Shock-induced vens and pockets
show various m rotextures decomposition and phase transbmatbn ofm nerals The
con fim ed h gh-pressure polyn omphs of silicates are ringvoodite majorit pyroxene
ghss andmaskelynite Based on the shock effects and assan blages of h ghpressure
m merals shock stages of all of 93 GRV chondrites wemr classifed In comparkon
with literaturg  the G ove M oun tains m eteorites have a h gher fraction ( 23 outof93)
of heavily shocked sanples (S4—S5). M ost of the heavily shocked m eteorites are L
group (22 out 0f23), except for oneH chondrite The distinct shock m etan orph &m
bewveen H and L groups may mndicate different surface pwoperties of ther parent
bodies In addiion there is rehtonshp between petwbgic types and shock stages
withmost heavily shocked sanples observed n equilibrated ordinary chondrites ( es
pecrlly Type 5 and 6).

Keywords AntarctiG GroveM ountains chondrites shock metan opphism,  h igh-
pressurem neral

1 Introduction

Shock metanophisn and brecciatbn resultng fran hypervelocity collisions on their
parent bodies are themost canmon features ofm eteorites . Shock effects includ ng defom-
ation melting and decan position of m neral canponents are recorded M oreover natural
hh-pressure polymorphs of rock-fom ing m nerals were also discovered in heavily shocked
m eteorites Since the high pressures and tem perature conditions durng shock events are
canparable to hose of Earth’ s transition zone or the lowermantle the study of shock
effects m meteorites is of great mportance not only to decpher the collisional and geolog-
ical history of their asteroidal parent bodies but also to acquire the nfom ation of the dy-
nam ics and properties of the deep Earth

Based on the shock effects n silicatem nerals and shock- nduced localizedm eltng n
ordnary chondrites seven stages of shock m etamorphisn (S1—S6 and shock m elted) were
classified by St ffler ez al'”’, the P-T conditions of every shock stagew ere given as well
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Hovever great mproveaments n high-pressure field have been achieved n recent ten years
that static high-pressure experim ents w ere ntroduced to study the transfom ation cond itions
ofhgh-pressure minerals in shockedmeteorites whereafter the P-T-t conditions of shock e
vents were modifiedl These devebpments provide new know ledge of the shock history of
parent body of meteorites aswell as the study of the constimtes of the deep Earth' ™!,

In this study we observed and described shock effects n 93 Grove M ountains ord nary
chondrites which were recovered fran GroveM ountaing A ntarctic n 2003 Shock stages
were classified and the history of shock events were also discussed based on the hgh-pres
sure polmorphs discovered in these samples

2 Sample and Experin ent

Polished thin sections of the 93 ordinary chondrites w ere exam ined w ith an opticalm r
croscope n trangm itted and reflected lght The shock-induced vens and pockets were care
fully observed by an LEO 1450V P Scannng E lectronic M icroscope ( SEM ). The major ele
m ent canposition of the minerals n the melt vens and pockets were also checked for their
mapr elen ent composition by energy dispersive spectroscopy ( EDX) on the SEM.

A RM-2000 Laser Ranan spectran eter was hired to identify the high pressure poly-
morphs ofm nerals The 514 nm excitation bean fran the Ar+ laser was focused to 1 Hm
spot on the selected grans The accumulations of the signal last 10s partly 15 s The
quantitatve chemical analysis of the selected grams was conducted usng a JEOL JXA-8100
electron m icroprobe at 15 kV acceleratng voliage and 20 nA bean current

3 shock-induced effects
3.1 Undulose extinction

The w eakest observable shock effects n olwine are undulatory extinction which can
be easily distinguished under cross-polarized lght fran shamp, unifom extinction of un-
shocked olivine by the fact that the former the extinction position of a sngle crystal varies
systamatically across the grain w ith the rotation of the san ple stage (F i 1a).

W ithin increasing shock the olivine crystal structure is messed up even further fomm-
ing gn all (only a fev micraneters) danamns that differ n their extinction positions bym ore
than 3 1o 5° of rotation of the sanple stage This kind of mosaiciam extinction is also ob-
served in several severely shocked sanples (Fi 1b).

3.2 Planar Fractures

At the low est shock category olivine crystals have irregular cracks W ith ncreasng
shock pressurg the grans tend to devebp planar fractures which are parallel cracks lned
up n one direction ( Fi 2a). There are often more than one set of fracturng in a single
m neral crystal and the cracks are oriented along crystallographic p lanes ( Fig 2b). Planar
fractures were consiered to be themost mportant shock ndicators at moderate shock pres
sures .
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Fig 1 ( a) Phoom icrograph of olvine in GRV052610 under cross-pohrized lisht The coarse gry to yellw
and red grains are olvine The grey-colored grain in the center of the view exhb its undulatory extincton
and a set of p hnar fractures The scak bar & 1 mm.
(‘b) Photan icrograph of olivine n GRV 052610 under cross-pohrized light The grey grain ofolvine in
the center of he view showsmosaic extincton The scale bar 5 1 mm

y £ de s : ; ca 3
Fig 2 ( a) Phoom crograph of olvine in GRV 052448 under coss-polarzed lght The cyan hige gran n the
m ddk of the viev is oliving displaying a set of p hnar fracures The scak bar 5 Q 1 mm.
('b) Photan crograph of olvine in GRV 051796 under plane-polarized light The lage grain on the left &
olving exhibitihg wo sets of planar fractures nearly perpend cular to each other The scal bar & 1

mm.

3.3 Shock-induced loculized m elting

3.3. 1 M eliing of metallic FelNi and sufle

GRVO051773 (L group ordnary chondrite) contans a newoik of opaque veins while
the silicates n host rock exhbit pervasive fractures and darkenng The shock-induced
vens contan silicate hostrock fragments fran 10 to around 100 Bm, n am atrix ofm etal-
sulfdemelt (Fig 3). The angular to rounded shapes of the silicate fragn ents suggest hat
they are cataclastic fragments foimed by extensive shear defom atbn

The matrices of these veins consist of mon sulfide thatw as apparently liquil These
textures suggest thatm ost of the vens n this sanple were caused by frictional heatng to
temperatures high enough to melt the m etalsulfde canponent but generally not hgh e
nongh tomelt the silicate A ccording to the study of shockm etan orph isn _in enstatite chon-
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drites by Rubin et al the fomatbn of these opaque metalsulfile veins suggest a shock
stage of above S3' .

3.3.2 Shod: ¢fects of silicates

The process of shock- nduced localmelting generally mvolves smultaneous totalm elt
ing of coexisting m inerals m xing and hanogen ization of the produced m elts and the subse

quent crystallization of mm iscble silicate and sulfide/m etal melts Shock-induced vens
appear as opaque vens or pockets macroscopically and n the polarizing m icroscope w ith
w dths ranging fran m icraneter tom nmeter-sized ( Fig 4). Several sanples are covered
by neworks of interconnected shock veins A few sanpleswere severely shocked and mot
ten, WHh neiworks of opaque vens coverng the Whole thn sectlons

Fig 3 BSE mage of GRVO51773 sowing a Fig 4  Photan trograph of shock-induced

shock-induced metal vein The network vein n GRV052174 under Plane-
veins are metal and silicate fragnents polarzed light M atrix of the shock-
(note their shap edges) are olvine and nduced vein is opaque and large
plagioclase ( Pl). The scale bar is 10 silicate chsts are rounded n shapes
Hm. w ih dmmeters 0f20—60 Hm. The

scale bar is 1 mm.

Two distnct lithologies of the shock-induced veins can be seen by m icroscope under
reflected Ight coarse-grained m ineral aggregates and fine-graned m atrix The fne-graned
matrix ismainly consist of granular silicates and abundant spherules of eutectics of opaque
m nerals (FeNimetal sulfide chran ite etc). Cellular dendrites of Fe-N im etal and tror
lite were observed n large spherules The opaquem inerals are usually dispersed into sane
regions of a blocky or belt shape (Fi 5). On BSE inage the fne graned silicates inm &
trx are id im orphic or needle-like crystals The size of m atrix grams is about 1-3 Pm, and
exhbit a decreasng trend fran n the m iddle to the boundaries of the veins (Fig 6). On
BSE mages bright acicular crystals which are enriched n FeO were noticed nside them &
trx The chen ical canpositbns of the idian orphic grans which are the main canponents
of thematrk were analyzed by the energy dispersive x-ray spectroscopy (EDS) on SEM.
The results show that they have a can position of pyroxene ((Mg Fe) SO;). Ranan spec
tra of these grans indicated they are m ajorite-pyrope solid soluton (Fig 8a) that were
crystallized fran shock-induced chondritic melt under high pressured 3.
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The large clasts and fragnents enclosed in the shock-nduced vens are rounded or o
vod (Fig 4 and 5), most ofwhich digplay full extncton cross-polarized lght indicatve
of the transfom ation of crystal structures under high pressure

Fig 5 Photan iciograph of a hock-induced ven n GRV 052049 under reflected light Themelt vein consists of
fine-graned silicates ( dak grey) and FeN imetal and twilite ( light grey or whie spots), with numer
ous wunded silicate fragments The scale bar is0 1 mm

120 pm
- W

Fig 6 Back-scattered electon ( BSE) mage of a shock-induced vein n GRV052082 Thematrik of the ven
oonsists of gamet and needle-lkem apritepyrope (Mp), w ih snall sphemi ks or netwoik of Fe-N im et
al and woilite intergrow th Coarse-grained olvines n them ddle of he vein have partially been trans-
fomed b ringwoodite ( Rgt). A ko note hetewgeneousmargins of olvine n contactw ih the ven The

scale bar is 20 mm.
3.4 Highpressure polymorphs of O lwine

O livine is one of the man constituent minerals n ordinary chondrites The natural
hgh-pressure polymorphs of olivhe wadsleyite and ringvoodite have been discovered n
several shocked m eteorites The (Mg Fe),S1, phase diagran at high P-T conditions is
well established fran hgh-pressure experments and show that olivhne will transfom nio
spnekstructured ringyoodite under 18—23 Gpa 1800— 1900°C'* !,

In this study olwine clasts are canmonly observed in the shock-nduced vens fran
m ost of the shocked sanples The shapes of entrained olwvine fragnents are ovod and con-
sist of dark fherlike cores ( Fe-noor) and bright rins ( Fe-rich) on BSE. mage (Fi 7).
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Ram an analyses show that the dark cores are oliving while the bright rin s are ringwoodite
(Fig 8b). EMPA results shov a distinct difference n chem ical canpositions between ring-
woodite and co-existing olivine The rngvoodite rim s are enriched n FeO, whereas the olr
vine cores are enriched mMgO (Table 1).
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Fig 7 Back-scattered election (BSE) mage of a shock-nduced vein n GRV052049, show ing two wund
grains consisting of fberlke olvine cores and ringwoodite (Rgt) rins The ringwoodite & Feo-rich
( lgh-grey), whileolvine & Fé-poor ( dark grey). The scale bar 5 20 Hm.
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)

Fig 8 Raman spectraofm nerak in shock-nduced vens (a) Mp majoritepyrope M jt majorite G1 py-
wxene glass (b) Rgt ringwoodite O1 O lvine

3.5 Highpressure polymorphs of Pyroxene

Ovoi pyroxene clasts were found n the shock-induced vens fran GRV050418
GRV051674 GRV 051876 GRV 052082 GRV 052174 and GRV 052049 The clasts are
canposed of polycrystallne and an orphous areas which disp lay different brghiness on BSE
mage (Fg 9). The M icroprobe analyses show there is no significant difference anong
chem ical canpositions of the dark and bright areas fran one sngle gran

The polycrystallne parts can be indentified as m ajorite ( noncubic gamet one of he
h gh-pressure polym orphs of pyroxene) by the strong typical peak around 930 an™' ob-
served by Ram an spectroscopy (F i 8b). Raman specira of the smooth. anorphous parts
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contan o broaden peaks around 670 and 970 an™ ' (Fig 8a) that are n agream entw ith
the ientification of (Mg Fe) S0, glass i previous study '™, (Mg Fe) SO, glass were
observed to coexistwith low-Ca pyroxene and majorite n a sngle clast Clear boundaries

can be seen on BSE, m ages beween (M g Fe) SO, glassy phase and m ajorite

as the for

mer are usually smooth and hanogenous whereas the latter often occur as submm icron

grains n decanposed rims of the clasts EMPA resuls show that the chem ical canpositions

of (Mg Fe) SO, glass are the san e as low-Ca pyroxene n host rock

Table 1. Sekcted Electron M kwpwobe A nalyses of ringw ood ite and olvine in melt zones (w %
woodite O olivine

). Rgt ring-

GrahM ineral 502 TDz ALO:; Cljoj, FeO MI'IO MgO Cf() Nazo KZO P205 TOtﬂl Fa
1 Rgt 338 002 0046 028748977006 1642 nd nd nd nd 92613626
Ol 4185002 0006 005 7948 0 1755057 0031 nd Q014 nd 100 67 8 1
) Rgt 3671 nd nd 00513528200262793 nd Q02 0001 nd 100 02 4L 5
Ogl 4079 nd nd 0097 9984 Q5664775 0025 0002 Q012 nd 99 227105
3 Rgt 3318 nd 0003 003356370057 92931 nd 00060003 nd 99 581 76 1
0l 41 0015 nd 002411 6030363 4666 0046 nd nd nd 99 711122
4 Rgt 3828 nd 0044 000733 1080 048 2944 0011 0015 nd =nd 10095387
Ol 41380000 nd nd 976901324874 0000 nd nd nd 10002101
5 Rgt 3643 0042 0933 034 368 02062467 0354 0355 001l nd 100 14456
Ol 4076 nd 0004 nd 9503 Q39 4951 0041 0017 nd 002110025 97
6 Rgt 3523 nd nd Q076 444 0041 2.6 nd Q003 nd nd 10L37536
Ol 4152 nd nd 0042 63660429 5.7 0031 nd nd nd 1000 65
7 Rgt 374 nd 011700242727 01193547 nd nd nd 0006 100 4 310
Ol 40190018 nd 0021 & 3150268 51.57 0018 0. 007 0 007 nd 100 41 83
8 Rgt 3574 nd 011 0087 362800292808 nd 00240019 nd 10037420
Ol 4067 nd nd Q047 83520194 5.5 nd 0004 Q007 nd 10077 83
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Fig 9 (a) Back-scattered ekctron (BSE) mage of a shock- nduced vein n GRV 052049 show ing a laige py-
wxene gran being transfomed ntomaprite (M jt) and glass (G1). The scak bar is 10 Hm.
(b) Back-scattered electron ( BSE) mage of a hock-induced vein in GRV052049 The clast consists
of pywxene (Px), maprite (M jt) and pywxene glass (Gl). The scale bar & 20 Pm.

3.6 Highpressure polymomphs of plagioclase

Large grans of plag bclase have been observed n hih-equilibrajed samples of type 5
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or 6 The plagioclase are generally pure white transparent crystals with clear outlmes I
heavily shocked sanples sane plagioclase grans exhibit canplete extnction under cross
polarized lght which ndicates that the texture of these grans were destioyed during the
shock pulse and transfomed nto isotropic g lass

Coarse-graned plagioclase w ere also found n hostrock fragment entrained in shock-
induced vens These graing which digplay full extinction under crosspolarized lght are
anooth and lack of cleavage cracks and fractures on BSE mage They canmonly coexist
w ith ringwoodite and maprite Ranan analyses on these grans reveal thatmostof them are
maskelnite However Ramanm ode around 760 an™ ' was detected n a few grans which
revealed the existence of Ingunitg a hh-pressure modification of feldspar that possesses
the tetragonal holland ite structure Natural occurrence of Ingunite was first reported n Six-
iangkou m eteorite¢ ndicative of the P-T conditions of 21—24 GPa at 2000°C.

4 Discussion
4.1 Highpressure minerals and P-T history

H gh-pressure minerals and assemblages were observed n 1P of sanples The
coarse-graned olivine aggregates n the shock- nduced vens are partially transformed nto
rngvoodite w ith high Fa contents while the coexistng olivhe grans alvays exhbit low er
Fa contents than that of he olwvine in the host rock. The shocked samples are all highly e
quilbrated type 5 or § the host rock silicates exhbiting relatively hanogeneous chem ical
canpositons The w de canpositional gap bew een ringwoodite and coexistng olivne sug
gests that under the hanogeneous pressures the caton diffusbn beween olivne and ring-
woodite are hihly controlled by the temperature gradients in the grans ( low temperature n
interiors and high tamperatire n rims), and requires a long duration tme of the high pres
sures and temperatures after the pulse of shock wave

EMPA results show that the FeO-enriched crystallites (< 1 Hm) embedded in the grey
m atrix have chen ical canpositions of olivne On BSE mage they display the san e bright
ness as ringwooditg which ismuch higher than the olivine n the host rock. H owever no
typ ical ringw ood ite peak was detected by R an an spectran eter  probably due to the tny size
of the ringwood ite crystallites or the back-transfoimation of rngvoodite nto oliving while
remaning the hgh FeO content

M askelynite could be found in both host rock and shock-induced veins whereas the
m askelynite in the shock- nduced vens exhibits an allan orphic outling thatm askelyn ite u-
sually fills fracires and cracks in other neaiby silicate m nerals Chranite nclusions were
canm only observed n maskelynite Due to the polygonal outlines of the trapped chram itg
and h ghermelting point of chram ite than plagioclase (2000C vs 1100C), i s very un-
likely that the chran ite nclisions were crystallized fran melt which were fomed durng
shock event fran orignal chram ite and dissolved nto feldsparmelt Brick le chram ite grans
were easily to be broken nto pieces by mpact which were captured by them elted p lag o
clase glass These feaures suggest that the maskelynite n shock- nduced ven is not dix
plectic plagioclase glass fomed by solil-state transform ation but a dense quenched glass
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fran plagioclase melt that fomed at ~ 20 GPa > 1100C.

A ccording to the results of shock-loadng experments in A llende m eteoritg  the ring-
woodie + (Mg Fe) SD;M ajorite assenb lages observed in several sanpleswere fom ed at
18—23Gpa 1800— 1900C. Besdes (Mg Fe) SD;-glassw ere identified in a few heav-
ily shocked samples The occurrence of (Mg Fe) SD,-glassy phase n this study is dentr
cal to that reported fran Suizhou meteorite which was consilered as vitrified perovskite
during the decanpresspn stage due to a hgh pos shock temperature Pyroxene coull trans
fom into perovskite at high pressures but a relatively low temperature ( 23—25 Gpa
2000C). However the heating experments and the molecular- and lattice-dynam ics cak
culations ndicated that the crystallne MgSO; perovskite would be decanpressed to an «
morphous phase near the an bient pressure fran its high-pressure stability fields at modest
tmperatures The vitrification ofM gS10, perovskite beg ns above 127C and is canplete by
477 'C at anbient pressuré ', A fier the peak of shock pulse te postshock ten perature
in hese samplesmusthave been higher than 477 °C inducing a rapid vitrification of crystat
line perovskite into (Mg Fe) SD;-glass Therefore the existence of vitrified perovskite -
dicates that the peak pressure in the shock vens exceeds 23 GPa

4.2 Classification and distribution of Shod: Stages

A petrgraphic classification of progressive stages of shock metanomphisn of ord nary
chondrites w ere put foward by Soffleretal andw dely used aftewards A ccording to his
classification seven stages of shock (S1-S6 and shock melted) were defned based on he
shock effects n the main silicate canponents as recognized by thin section microscopy. A
shock pressure calibration for the S1-S6 stages was also proposed (Table 2), inwhich the
occurrence of high-pressure polymorphs as ringwoodite maprite m askelynitew ere taken as
an indicator of shock stage S6 and a extren ely high pressure of 75—90 GPa

Table 2 Classification of Shock Stages of Oxd nary Chondrites ( Base on literature [ 2] )

Shock S ilicates Local effects Shock pressure
Stage Olvine Pyroxene P hgoclase A (Gpa)

S1 sharp optical extinctbn, irregu br fractures none <4—5

S2 undubse extncton irregular fractures none 5—10

opaque shock veins
incipent bmatbn of 10—15
melt pocekts

3 p hnar fractures
undubse extncton irregular fractures

phnar fractures opaque shock veins and
s >

weak mosaicin partially isotop lr?;g};ozonﬁiig »—30
S5 p hnar fractures pewasivem elt pockets 45—60
strongm osaicism m aske lyn ite and shock vens
n or near the shock nduced-vens sold . It pocke s
S6 state recrystallzatbn of silicates pewasivemelt pockets 75—90

ringv ood item a prite nom al ghss and shock veins
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W ith the development of high-pressure experments and study n shock m etanorphisn
inm eteorites m od ification and correctbn were made on the P-T-t conditions and formation

history of hgh-pressure m nerals n meteorites A ccordingly modificatbn and revise are
needed for he current classification and pressure calibration system of shock stages n ordr
nary chondrites In this study, we have classified the shock stages 0f93 GroveM ountais
ordnary chondrites ( results listed in Table 3). The classification was mainly on the basis
of Sioffler’ s schane while shock effects nelud ng optical properties of silicates shock-n-
duced localized melting and h gh-pressure transition of m inerals were also taken nto consid

eration.

Table 3 shock m etan orph im grades ofG mve M ountains ordinary chondrites(Base on literature [ 2] )
Shock Silicates

— - Local effects Resulis
Stage O lvie Pyroxene P hgiclase

S1 sharp optical extinctbn, irregu br fractures none 6
S2 undubse extncton irregular fractures none 47

p hnar fractures opaque shock veins
S3 undubse extncton irregular fractures incp ent Hmaton ofmelt 17

a fev ringw ood ite cekts

gw po
p hnar fractures hock vens and m el

4 weak mosarisn opaque shock vems andm el 18

ringw ood ite m askelyn ite pockets iteronnecting

p hnar fractures

S5 strong m osaic En pervasivem elt pockets and 5
ringwoodite majorite m ae lyn ite shock veins
(afew (Mg Fe) SD;-ghss)
6 n or near he shock nduced-veins sold pervasivem elt pockets and 0
state recrystallzatbn of silicates shock veins

W e now canpare the various frequency distrbutbns of shock stages within different
chem ical groups and petrologic types of the sanples n this study (Fig 10).

A conspicuous differen ce between L and H group can been seen L chondrites appear
to have a larger fraction of shocked samples as there arem ore the L. chondrites shocked to
S3-S5 than the weakly or unshocked ones ( 34 vs 22), while the shock m etan orphisn is
not so extensively developed n H group chondrites M ost of H chondrites were weak ly
shocked (29 of43 sanples), except for only one san plesw as classified as S4

Stoffler et al have studied the shock metanorphism n35H group 27 L group and 14
LL group chondrites Their results showed that the differences in the frequency distribu tion
of shock stages mH, L and LL groups are m nor besides the shock effects and the se
quence of progressively increasing degrees of shock m etan orphisn are very sin llar H owev-
er the nvestgation of theM eteoritical Bulletin Database suggests that the frequency distrr
butions of shock stages bew een L. andH groups are different There are 23 L. group chon-
drites of all the chondrites thatw ere shocked to S4—S6, whereas the nunber of H group is
9. It s evident that the L. group chondrites have experienced stronger shock m etamorph isn

thanH eroup -which is n consistentw ith our results, n this smdy.
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The frequency of shock stagesw ithn different petrobgic types (F i 10b) reveals sane
sin ilar variations W ith increasng petrologic type, the frequency of shock stages S3 S4
and S5 increases Shock stage S2 is hie most abundant in nearly all petrologic types It apr
pears that type 3 ord nary chondrites are deficient in shock stages S3 to S There is a lack
of shock stages S4 and S5 n petrologic type 3 and 4 chondrites in contrast to type 5 and 6

chondrites
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Fig 10 H istograns of shock grades of Grove M ountains ord nary chondrites based on
(a) chen calgwups and (b) petwgraphic types

The tendency beween petrologic types and shock stages thatheavily shocked samples
are m ost lkely to be observed in highly equilibrated ord nary chondrites may be atiribu ted
to the different physical properties of all the types of chondrites n the unshocked state
H gh equilibrated samples ( type 5 /6 chondrites) are essentially coherent nonporous rocks
in which the high pressures and tamperatures are easier to be retained for a longer tin e dur
ing shock event while the unequilbrated chondrites ( type 3/4) arem ore porous and richer
in volatiles which aremore possible to be crushed by the mpact therefore the high pressure
woul be released In another aspect snce different groups of chondrites can e fran differ
ent parent bodies the dwerse distribution of frequencies of shock stages beweenH and L
groups may result fran the different physical properties of the surfaces of ther parent
bodies for exanple the thickness of il layer the petrologic type of rocks on the surface
etc Aswe discussed above thick and porous soil layer is not favorable to reserve high
pressure and ten perature conditions An analogous case can be seen on the moon and
Mars The fomer is covered by a layer of lunar regolith 0of 2—10m i depth while M artian
soil is not-so abundant on the surface ofM ars especially, n the Tharsis buke region Cor
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respondingly, hgh-pressure transitions w ere not canmonly reported to be discovered n -
nar meteorites which exhbit shock effects while hgh-pressure polmorphs as maskelynite
and stishov ite w ere found in several shegoty M artian meteorites

5 Conclusion

Shock effects of 93 Grove M ountains ordinary chondrites were studied and described
H gh-pressurem nerals as R ingwood ite maskelynite, majorite m ajorite-pyrope solid sohr-
tion and (Mg Fe) SO; glass which is supposed to be vitrified (Mg Fe) SO, perovskite
were tlentified in shock-induced vens Based on the coexistence of hgh-pressure poly-
morphs the peak pressure of the shock eventwas up to 23 GPa while the temperatures
may have exceeded 2000C. The olivne clasts enclosed in the shock- nduced ven were
partly transformed nto ringwoodite There is obvious enrichment or depletion n Fe andM g
contents bew een ringv ood ite and coexisting oliving respectively, whichm ay represent he
diffusion of elaments during the shock event and a long duration of the high pressure
pulse

On the basis of the observed shock effects shock stages of the 93 G rove M ountains or
dinary chondrites were classified There are 6 of shock stage S1, 47 of S2 17 0ofS3 19 of
$4 and 4 of S Camparison the frequencies of shock stages w ithin different chem ical groups
shows a diverse frequency distrbutbn of shock stages beweenH and L. groups which m ay
represent the difference beween physical properties of the surfaces of their parent bod ies
Besdes it appearswih increasing petrologic type the frequency of shock stages S3 S4
and S5 increases
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