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Abstract The GRV 024516 and GRV 024517 meteorite sanples collected fran
GroveM ontains Antactica are ureilite and HS ordinary chondrite respectively Based
on the study ofm meralogy-petiology, the cosn ic-ray exposure ages and gas retention
ages of these wom eteorites were detem mated and calculated Their cosn ic-ray expo-
sure ages are 33 3Ma, 51 7Ma and gas retention ages are 1936 8 Ma and 3720
M a respectively The ureilite contains dianond graphite and anomphous G which are
mainly carrier of noble gases indicating obviously shock metanomphisn effects which
induced A r partial bss TheHS5 chondrite indicates them alm etan orphisn of parent
body, its gas retention age fall the range between 3220 M a and 4510 M a of the least
shocked HS chondrites

Key words meteorite achondrite noble gases cosnogenic nuclide

1 Introduction

Cosn ic-ray produced nuclides provide mportant constraints on m eteorite origin orbital
evolution, and parent body histories Especially understanding origin of diamond n ureilr
tes have mportant significance U reilites show signs of both igneous crystallization and
prin itive nebular condensation On the one hand , n the aspects of m meralogy texture
lithophile elanent cham istry and Sm-Nd systenatics they appear as highly fractionated
rocks either m agn atic camulates ' * or partial melt residues’, and thus the product of
planetary differentiation processes On the other hand they contain high abundance of car
bon which contains large anount of fractionated prinordial noble gases and metalw ith high
abundance of trace siderophile elanents both ofwhich are typical of undifferentiated chon-
dritic material . Tn addition, ureilites contain the oxygen isotope signature of prin itive
chondrited ”'.

Recently Raietal '” nvestigated abundances and isotopic canpositions of Ne At Kr
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and Xe n 6 monan ict 3 polym ict and the dianond-free ureilite ALH 78019 and their acid-
resistant C-rich residues *'Ne-based cosn ic-ray exposure ages for these 10 ureilites stud-
ied range fran Q 1M a to 47M a indicating that no single conspicuous event ejected all the
ureilites fran their parent bodies D iamond and amorphous catbon are mamn noble gas car
ried In addition production rates ofHe Ne and Ar forH chondrites are also all attention

Laya et al '**" nvestigated production rates of cosnogenic nuclides in H chondrites and
other stony meteorites and suggested a purely physicalmodel for the calculation of depth-
and size dependent production rates of cosmogenic nuclides by galactic cosn ic-ray partr
cles Based on the concentrations and isotopic canpositions ofHe Ne¢ and A r for nonm ag-
netic fraction and bulk sanples of 17H chondrites and their * C1°°A r exposure ages ~'Ne
production rates as a function of N e/'Ne and m ean 38Arproduction rates are detem med

They gave production rate ratios P(*Ar fran Ca) /P(*Ar fran Fe). The radio varies be-
ween 10 and 77 and is not correlated w ith the absolute * A r production orw ith *Ne/'Ne

Because of 'H e deficits in them etal phase ismuchmore pronounced than that n the silicate
m mnerals Eugster and Lorenzettl” systan atically studied production rates of cosmogen ic nu-
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Vesta), and the break-up events of asteroids They also conclides experience fomula for

clides of achondrites especially of howardite eucrite and diogenite (HED m eteorite

calculating production rates Recently Eugster and Lorenzett " detem ined theH ¢ Ne and
A r isotopic abundances and cosm ic ray exposure ages in wo differentiated acapulcoites and
lodranites They suggested evidence for a wo-layer structure of the acapulcoite/lodranite
parent asterokl The acapulcoites correspond to the H3 and H4 chondrites and origmated
fran exterior whereas the lodranites smilar to HS and H6 chondrites represent the mner
regions of their parent body W ang et al """ ™ sudied netron capture effects and pre-am os-
pheric sizes ofm eteoroids and detem mated the cosn ic ray exposure history of o Antarctic
m eteorites

GRV 024516 is ureilitte w ith weighing 24 7 g GRV 024517 isHS5 ordnary chondrite
w ith weiching 4Q 5 g They were collected n the G roveM ountains region Antarctica by the
19th Chinese Antarctic Expedition Tean, on Jan 2003 U reilites are the rare type in achon-
drites and consist of olivine and pigeonite ( 1-3 mm) with interstitial and vein m aterial that
contains a nuber of catbon polymorphd . GRV 024516 (ureilite) canposed mainly of pr
geonite (Eny; 140 ,W oy 340 1 Fs36+04) and olve (Fogy o494 ). The chan ical canpositions of
olivine and pigeonite are hanogeneous In the reduced rin of olivine grains there are nclu-
sions of N i-poor N imetal and sulfide L monite veins are canmon and shock stage is S2/
S3'"' GRV 024517(HS5 chondrite) consistmamly of olivine [ (16 0 10 4)mo¥e Fa] and
pyroxene [ (16 0 10 4)mo¥o Fs].

In this paper on the bases of the studing m neralogic-petrographic features of GRV
024516 (ureilite) and GRV 024517 (HS chondrite) we report cosn ic-ray exposure ages
and retention ages of these wo meteorites and discuss their cosn ic ray exposure history

2 Experimental procedure

Crushed m eteorite sanpleswere heated in vacuum at90 C for about 10 days to renove

am ospheric gases Noble gases extraction and mass spectran etric m easurem ents w ere per-

4]

fom ed using our standard procedure "', Two different system of extraction and mass spec-
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tran eter w ere used Systan A contains wo 60 C sector-extraction mass spectran eters w ith
glass tubes The spectran eter for analyses ofH ¢ N e and A r has a Faraday collector whereas
the Kr/X e spectran eter is equipped w ith an additional secondary electron multip lier System
B has a different gas extraction lne and wo metal-tube mass spectran eters equipped w ith
secondary electron multipliers One of the mass spectran eters was used for analyses ofHe
and Ne¢ and the other for Ar The detailed analytical procedure mncluding background and
blank correction, is referred to refd ', Analysis errors correspond to a 9% confidence
level Isotope analyses of noble gases were conducted m the Institute of Physics of theUnr

versity of Bem
3 Calculation of cosn ic-ray exposure age and retention age

One of themamn goals of analysis and detem nation of cogn ic ray irradiation produced
nuclides is calculation of cosn ic-ray exposure age W ith concentrations of cosnogenic nu-
clides of meteorites the cosn ic-ray exposure ages can be calculated based on belw equa-
tion T.= C' /P, T, for the age (Ma), C for concentrations ( 10°° an’ STP/g) of stable
cosnogenic nuclides (‘He *Ne ®Ar), and P* for production rates of the nuclides ( 10™°
an’ STP/g* M a). The concentrations of cosnogenic ( ¢), trapped ( tr), and radiogenic
( r) nuclides can be detem mned fran the analyses of the noble gases using sane experien-
tial isotopic ratios Calculated method of ord nary chondrites

referred to refs ''"". The calculation of concentrations of cosmogenic ( ¢), trapped
( tr), and radiogenic ( r) nuclides detem med fran the analyses of the noble gases for ure-
ilites is san ewhat different their calculated methods are given i table 1

Table 1. M ethods for calculating concentrations of cosnogenic( ¢),, trapped( tr) and radiogenic( r) nuclids
and production rates

sotopes Calculated fomula of concentrations of of cosnogenic( ¢), trapped( tr) and radiogenic( r)

nuclides
“Ne. (1) ®Ne.= ®Ne, x[1- (*Ne/Ne), /(*Ne/’Ne), 1 /[ 1- (*Nel/*Ne). /(*Ne/?
21 20
N € N €y N e) ll']
By 3, 21 21 21 22 2 2
Ar, A (2) "Ne="Neg - ("Ne/"Ne),[ Ne - Ne]
TJ‘0 (3) 2{)Nt‘1,= []Nt;.. _ EN{:;.(EUNBJ"EZN@) )

m ismeasured concentratios ofHe Ne Ar and their ratios If (mNeﬁﬁAr) < L oas

sumption (“Ne/’Ne),=8 46 (*Ne/’Ne),=Q 035 (20Ne/’Ne).=Q & If @Ne
assmption (“Ne/“Ne),=9 80 ('Ne/*Ne),=0 0290 (“Ne/’Ne).=0Q & If (9
(“Ne/Ar) > 1 assmption (*Ne/’Ne),= 12 4 (*Ne/’Ne),= 0 0310 (*Ne/”
Ne).=Q &

“Ne, “Ne and “Ne, are obtained fran( 1), (2) and (3).

4) calculation of *Ar, and 36)’&1;.:

UAr/fAY) .= 065 PAn="Ag 1 1392- Q 2141(°Ar/PAD, ]: A =0 65x A
CAr/PAY . =063 PAn="Ag [l 1343- Q 2132(“Ar/AD), | CAn=0Q 63xTAx

40

(
(
(
(5) Tw= 1 805k[ “Ar,/Q 701 xK+ 1], K= pmm

Production rates ( p) are a function of shielding paraneter ( 22Ne/21Ne) ¢ and target ele-

sotopes ments(HED m eteorites and ureilites)
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He (6) P’y= 1 15[ T+ Cr+Mn+ Fe+ Ni] + L 75{100- [Ti+ Cr+ Mn+ Fe+ Ni] }
[x] iselment(wfo ). P 5= 10 "an’ STP/(g M a) |
(7) P(CHe)vs (”Ne/'Ne).
Py=Q 62P’5[2 09- Q 43(*Ne/'Ne) |
[x] is elment(w® ), Ps= 10" an’ STP/(gMa) |

21

Ne (8) P 5 =1 63[Mg]+Q 6[All+Q 32[Si]+ Q 22[S] + Q 07[ Ca] + Q 021[ Fe+ N i
[x] is elment(w ), P’y =10 " an’ STP/(gMa) ]
P(*Ne)vs (¥Nel'Ne),
P, =4 8P, [25 7(’Ne/'Ne) - 23 7]
[x] is elment(w® ), Py =10 ""an’ STP/(gMa) ]

“Ar (9) PPx=18I[Ca]l+ Q 098] Fe+ Ni]+ Q 38[Ti+ Cr+ Mn]| + 2 9[K] = [ x] is ele
ment(w ), P’y= 10" an’ STP/(gMa) ]
Calculation of production rate of GRV 024516( ureilite) is using
P’ =30x10 " an’ STP/( g Ma) and mean production rate( Q@ 0440) ofHS5 chondrite

but the concentrations of these elan ents in ureilites are about a factor of L 9 lower than that

in H -chondrites its production rate of A rc is Q 0440/L 9= 0 0232 x 10 “an’ STP/( g

M a)
 otones Production rates ( p) are a function of shielding paraeter (*Ne/' Ne) ¢(H, L and LL
pes chondrites)
'H Q “Ne (10) Py= F[2 09— Q 43(”Ne/'Ne).] F,=0Q 98 F. ;=1 00
TAr (11) Py= L 61F[2L 77(®Ne/'Ne).- 19 32]' K, =093 F . =1 00
(12) Py=F[Q 125- Q 071(’Ne/'Ne).] F;=108 F. =100
F is chem ical correction factor Py, P, Piy= 10 *an’ STP/( g M a)

The mean cheam ical canpositions of ureilites are canpared w ith mean chan ical can-
positons of Changde(HS5) andM ianchi (H5) chondrites, and are given in table 2

Table 2 M ean elanental canpositios(wt % ) by calculation of cosn ic-ray exposure ages for ureilites

m eteorite Mg Al Si S Ca Fe Cr Ti M n Ni

ureilite( n= 9) ' 2181 (025 1860 Q330 Q71 1462 Q3508 007 0290 Q131

‘Eﬂ?ﬁ‘?ﬁ chondrite 12 99 ) |5 1758 204 137 2821 Q36 Q05 Q139 18

Mianchi  chondrite ), g3 ) 11 1908 201 128 2838 Q32 Q08 Q271 169

(H5)""

M ean chean ical Can-

position of IfIhe 8 14 1 L 15 - - L26 274 Q36 - 0 23 . 64
H 5 chondrites '

[tmust point out the detem ination of the production rate for *Ar in the ureilite is very
difficult Up to datg there yet no data of the production rate for *Ar i ureilites. Rai et
al ' only obtain*He, (T;) and *Ne (T ) cosn ic-ray exposure ages of 10 ureilites Eug-
ster and M ichel "' nvestigated production rates of cosnogenic nuclides of HED m eteorites
and they also suggested that although the Ne/' Ne ratio of eucrites are variable the ob-
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served At production rates are consistant w ith the shielding independent fomula( table
1). Considering the present precision production rate calibration it is not justified to mvoke
a shielding dependency for *Ar But on the graph of *Ar production rate Py, calculated
fran cosnogenic “Ar and "' KK r exposure age versus as calculated fran chan ical abun-
danced " all data allow ing for the experiment errors fall on the correlation line They,
therefore estinate the 20 error for " Ar to be about 100. W hen A r production rate Py of
GRV 024516( ureilite) is calculated ifPsz=3 0x10 " an’ STP/(g Ma) chosen then
PAL(Ty) age is4l Ma (PAr, /Py= 125 05/3 0= 41 6Ma). But the average "Ar
production rate forH -chondrites is (Q 0440 10 0022) x 10 *an’ STP/(gMa)'” and its
shielding paran eter (*Ne/'Ne= 1 15) is close to GRV 024516 (?Ne/'Ne= 1 16). In
stoy m eteorites FAris produced excluswely by reaction on Ca Fe, and N1 The concentra-
tions of these elanents n ureilites are about a factor of L 9 lower than those n H -chon-
drites therefore the production rate for BAr

In ureilites must also be a factor of 1 9 lower than in H -chondrites Therefore P(*A 1)
= (0 0440/1 9= Q 0232 30 0012 x10"* an’ STP/ (g M a), which gives exposure age of
T(SSA r) = 52 715 8 a( Email canmunication). The retention age of “Ar ( radiogen ic 0
Ar age) is calculated fran T, = L 805m[ 40Ar, /Q 701 XK ( ppm) + 1]. ForHS5 ordmary
chondrite(GRV 024517), K 900 x 10" % for ureilite (GRV 024516) , K 80 x 10" °'"*.

4 Results and discussion

The analyses of isotope of He Ne and Ar and their ratios of ureilite (GRV 024516)
and H -5 chondrite (GRV 024517) are listed in table 3 Table 4 shows their calculated con-
centrations of the cosnogenic trapped and radiogenic nuclides and table 5 show s the deter-
m ned production rates (Ps, P,, Pi) of cosnogen ic’He *'Ne and *A ¢ their exposure a-
ges and the gas retention ages

Table3 Results of He Ne and A rmeasuranents( 107" an’STP/g) for ureilite( GRV 024516) and ord inary
chondrite( GRV 024517).

Sample 4 2 2 36 0,
meteorites  weight ‘He ‘He Ne “Ar 3Le zzNe lee JSAr SGAI “Ar
(mg) He Ne Ne Ar Ar
GRV 024516 303+ 545+ 107% 108 £ L9t L20x527% 605 =
( ureilite) HQT77 937 "57% a4 5 3% 0 a2 a2 178 73
GR";.OQ“SIF" 177 36 L 759+ 192+ 4330+ Lolt L 12+ 192+ 364t
( ordinary : n 32 a8 180 Q02 002 o8 a17

chondrite H35)

The most w dely used shielding indicator is (°Ne/" Ne) ¢ which correlates w ith
(*He/'Ne) ¢ with least squares fit for 138 chondrites been caculated and the aquation re-
sulted as follow ing

(*Hel'Ne) c= 21 77(®Ne/'Ne) .- 19 32"

This correlation is valid in the range for the (*Ne/'Ne),
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Table4 Cosnogenic trapped and radiogenic noble gases( concentrations in 10°° an’ STP/g) for ureilite( GRV

024516) and ord mary chondrite( GRV 024517)

m eteorites *Hec Ne. "Ne. YA %e “Ne, ‘A ‘He, “Ar
e
%Er\;iliw]omsm 5451248 174017 9445 122440 12 1 16 3 144 Q8128 305 830
GRV 024517 4330-
( ordinary - 169104 1846 13741001 1 094 4416 089 -  Q28=
chondrilg HS) 4329 727

Note 1) If take("He/'He) e= @ 2'*, then ‘Hec= 54 5/Q 2= 272 5 'He = 303- 272 5=3Q 5
2) If take ("Ar/*Ar).= Q 2 thend0Are= 1 374 xQ 2= Q 2753

Table 3  Cosn ic-ray exposure ages and gas retention ages, and production rates( P, Ps, Py= 10 *an’ STP/
g Ma) forureilite( GRV 024516) and ordinary chondrite( GRV 024517)

| T, T T T
steorites P P P
m eteorites 3 21 38 (M a] (M a} (M a) (M a)
(6] Q282 ' a 030" 29 19 40 8 '¥
T (P e (Pu=042) am2E 338 27k 27F 19368
’ } - Q25" Q 0012'*" 6 5" 58"
((““’; o517 0328+ 0040 sLsE 32k
dl“l‘t’; “1"{"% chon Q 045" a 0022'** 7 478 2 0"

ratio beween about L 06 and 1 3Q Itmay used for calculation of the cosn ic-ray exposure
ages and allow s to recogn ize m eteorites wh ich m ight have suffered *H e diffusion loss as they
fall below the correlation line The (?Ne/'Ne) ¢ ratio is 1 16 for GRV 024516 ( ureilite
) and it has no diffusion loss The ’He, (T;) age is 33 8M a consistingw ith " Ne, (T, ) age
(32 7Ma), but its ®Ar.(Ty) age (40 8Maor52 7Ma) is different fran "He, and *'Ne,
ages The probably errors caused by heterogeneous of concentrations of target elaments In
genera] *'Ne. (T, ) age ismore reliable than the *Ar.(Ty) age ( possible trapped ™
Ar= 0 15%x10 ° STP/g). Therefore the average exposure age of this ureilite is 33 3
M a

There no diffusion loss for 'He, in the GRV 024517(H5 chondrite), but ‘He content
exceed detection Iim it so the 'H e, cosm ic-ray exposure agecan not be caculated w ithout da-
ta of 'He The detem ined (’Ne/'Ne) ratio is 1 12 closed to cosnogenic (’Ne/'Ne),
ratio( 1L 094). Thus the assumption whether the trapped canponent is of amospheric or
planetary canpositions does not change the results The *Ne, (T, ) age of GRV 024517
(HS5 chondrite) 1s5L 5 *7 4M a But ages detem ned Vialee[. and A 1, disagree w ith if
one probable reason is that “Ar is not hanogeneously distrbuted i meteorites In addr
tion gas retention age falls beween 3220 M a and 4510 M a of the least shocked HS chon-
drites

The relative abundance pattem of noble gases i ureilites is of the fractionated planeta-
1y type the sane as in catbonaceous chondrites 2 though gas content vary considerable
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( for exanple Xe content vary by a factor of ~ 100 ) in bulk sanples Analysis of the carbo-
naceous matrix or vein material showed the noble gases to be enriched at least 600 fold rela-
tive to the silicates and mdicated that the gases are largely contamed m catbon Rai et
al " point out in dianond-bearing ureilites diamond is the principal gas carrier and
graphite is virtually free of trapped gases . The dianond -free ureilite has also trapped no-
ble gases, which are carried by fine-graned carbon whose structural state is unknown The
distrbution of cosn ic-ray exposure ages of 28 ureilites are as follaws®. Except for wo
anall clusters as at 1 TIM a(n= 6) and 10 £1M a(n=5), for the rest the exposure ages
are distributed beween IM a and 4M a indicating no obvious single event thar all the ureilr
tes ejected fran their parent bodies W hereas the dianond-free monam ict ureilite
(ALH 78019) has the low est exposure age (Q 1M a), but the polym ict ureilite which is also
dian ond-free has the largest exposure age of 47M a About 607% of ureilites are having cos-
m ic-ray exposure ages less than 10M a This indicats that ureilites i general has low cos-
m ic-ray exposure ages The cosnic-ray exposure ages of four polymict ureilites
(EET83309 47Ma EET87720 & 9Ma Nilpena 9 8Ma DaG319 21 SMa) are dif
ferent And reveal that they were ejected fran their parent body ' in separate events The
most of theNe is cosnogenic n origin The snall anount of trapped Ne could bemostly due
to the Ne canponent fran dianond and amormphous carbon, the main noble gas carriers
Thus the trapped N e content and its variable anount anong bulk ureilitesm ight be a direct
reflection of fractional abundance of the carbon

GRV 024516 is a ureilite w ith dianond and an orphous catbon G raphite dianond and
an orphous carbon are a nebular condensate under reduced condition O livine and clmnoau-
gite are a directlv condensed fran ¢as phase at sane location or the different location and at
sane tme but their condensations are later than that of catbon Al three catbon phases
have been produced fran the gas phase in the nebula and later have been ncorporated nto
ureilites That is to say the diamond fomation is unrelated to parent body processes and
hence that the diamond is not produced i sitd'”'. In addition the canposition of nitrogen
in diamond is very sm ilar to other cases of dian ond-bearing ureilites Thus m ere presence
of diamond in ALH 82130 of low shock grade and in the ah ost unshock ureilite D aG 868>
provides anather agrum em t against the role of shock i the fom ation of dianond

Since diamond discovered i ureilites its origin has been puzzle M any of the features
of ureilites mdicate that the diamond was produced mn si by shock conversion of graph-
ite! ™.

really responsible for dianond fom ation or whether the dianond was already present when

A lthough most ureilites show evidence of shock it is not clear whether the shock is

ureilites undemw ent the shock event Fukunaga andM atsuda >’ have interpreted the dianond
as a nebular origin for it can be produced by chen ical vapor deposition in an artificial noble
gas amosphere under low -pressure plasna condition

U reilites contain coarse (m illimeter-size) olivine and pyroxene grams that either crys-
tallized fran or equilibrated w ith melts at high temperatures Cohenite [ (Fe N1);C] is
present mside metallic spherules which occurw ithin olivine and pigeonite grans in several
ureilites ', ind icating that themelts fran which ureilites fom ed were cartbon rich It dem-
onstrates that catbon was indigenous to the ureilite parent body >’'. The catbon polym orphs

are present mmany ureilites H averi contains chaoite (C) alongw ith dianond and lonsda-



34 W ang Daode et al

leite (Vdovykin 1972). A1l three catbon polymormhs were fomed by shock'™ *'. Shock
pressure of at least 100 GPa appear to have been mvolved (Carteret al 1968). H igh con-

centrations of planetary-type noble gases are present in chondrites but not mn basaltic a-

chondrites The high concentrations of planetary-type noble gases in ureilites ™" are

consistentw ith very brief heating episodes and rapid burialm nm izing the tine available for

27
noble gases to escape *.

A's can be seen The dianond ismajor carrier of noble gases Is origin has been a top-
ic of great debate which is still not settled The dianonds are probably either produced fran
gas-rich anorphous carbon ( nebular condensation origin) or converted fran graphite nto
diamond phase by shock effect
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