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Abstrmct=Three bpes of glass-beaning mclusions are present in olivine and chromite of the Chassigny
achondrite: pure glass, monoerystal (glass plus a single mineral grain, and multiphase (glass phus a variety
of minerals) inclusions. The occurrense, texture, and mineralogy of these inclusions and the chemical
composition of the glass suggest an orign by helerogencous rapping of these phases. The glass is rich in
Si00, Ay, Nay0, K20, and poor in Mg, Felk, and Caly; nnd contains appreciable amounts of Gl The
compositional variability of the glass is independent of the mincral content of the inclusions. Heating
experiments with final temperatures of 900, 1000, and 1200 °C were performed with Chassigny ineliusions
fior the first time. The glass of the heated inchuisions has a chemvical compesition simitar 1o that of unheated
inclusions, This siwation suggests that the glass canned e a residual melt but rather &5 an independent
component that was trapped with or without mineral phases. The extreme heterogeneity in alkali contents,
and in pasticular Bb and Sr contents, also suggesis precipitation and mixing of solid precursors. The mest
Rb-rich gleses have mear-chondritic Rb/Sr ratios, possibly indicating a chomdelic source for their
precurson(s).  Mone of the inclusions contain bubbles like those of typical melt inclusions in temrestrinl
igneous minerals. Furthermore, many melusions are af ihe center of tadial cracks inthe kost olivine, which
indicates development of an overpressure within the inclusions at some time. A volume increxse of the
inchuzions could have been achieved by differential thermal cxpansion of the contént of the inclusson durmg
a heating event. That mechanism requires bubble-free and solid prebeating inclusion contents. These
features are incompatible with an origin of the inchusions by trapping of a silicate melt and paint teward
beterogeneous trapping of solid phases. The first N amalyses performed in Chassigny glass-bearing
inclusions by nuckear reaction: analysis (NRA) reveabed high and vasiable N contents of the glass, which
sugpests trapping of o solid precursor (presumably at relatively low temperatures) from a fluid rather than a
melt. In conclusion, the plass-bearing inclusions in Chassigny olivine are not residuals after a closed-
system evolution of 3 trapped melt, but rather heterogencoushy trapped precipitates of a fluid that existed
during formation of Chassigny constituents. Consequently, it is very unlikely that the host olivine has an
ERREONS BTiin.

INTRODUCTION

The Chassigny. achondrile 15 2 member of the Shergolty=-
Makhla-Chassigny [SNC) group, which 15 penemlly befieved to
ariginate from Mass (Woed and Askoal, 1921; Bogard and Jehnzen,
1933, McSwreen, 1985} It 85 believed 100be 2 comuolato rock
[dunatc) comsisding of Fe-rich alivine (Fogs) thal containg plassy sl
pastsally erystallized mecll imclusioms (e, Bogmion o al, 190
Floren ef &f, 1978 Joheson ef of, 1991: Wadbwa and Crozaz,
1995, Righter ef al, 1997).

Mulliphase melt inchisions have been extensively @udsed in
Chassipny (Flogan of ol 1973; Johnson o wl, 1990; Kighter er al,,
1597, 159Ky with the goal of deccding the peleogenetic history ol
SHC mctooritcs in genoml, and w6 Koy b0 dedoce the composition
of the mell from which (hadigny possibly formed.  Uesder the
assumplion thal Chessigey is an igneous cumalste mock and the
plass-bearing inchusions in the oliving represend the pancnis] magma,
Jedmson ar @l (19903 coneluded thet the initial trapped melt
tesembles ermestrial boninile lavas with =1.5 wits F 50,

ﬂfl.lh' atlempts o charscierize ke parent magma af ihe SHC
meteurites (Shegotly and Fagami:  Stolper and McSween, 1979,
H_:‘Hl: Tecinsan, 1556, 15450, 19493, Longhi and Pan, 198Y9; Harvey
ngd WecSween, 1990, 152} have beon made. These siudies reached

Y

the comclusion that the parcatal magma fof (he L m:lfﬂiﬁtﬂfﬁk_‘
have been simialar in composition oo thal of cernestoal m-::kmlr
magrmas (bul somowhal poofer in Akl Thas, the studies ol
Chassigay oo one side and of other SN meteoriles o the othes
side produced conflictisg results with 5i|b:ﬁ'l-lﬁﬂﬂ'ﬂuf“-'!1ﬂd Mg
(ialeiite) producing pyroccenites (Makhia) -and :I.EIIEJ-!-H-IUI':I-FM
basalts [Shengetly, efe.} and a silics-cversaturaled magma producing
a thamite (CTassigny).

Glass-bearing - inclusions - bn - SMC meteorites ape generaily
helieved 10 be residuals of the parental mell that was tmppod dunag
growth of the Kost from the melt n.:.:vl_mljn,g_ o that el
subsequent “closed=system sooling” of these inclusions producad an
assermblage of "dasghter phases® and quenched glass. This e
ssumption unforfunaiely has the exclusion of wwlusions
smaller than 25-30 um from the sudics because: thoy cannol L

we believe thal they <an give us |
growth condilicns of the hos
oated.
wllmwmlmﬂwmnrlllmnp:nrﬂhﬂm
inclusions present in Chasipny olivine:  pare glas,
:Idl:ll'lliﬂt:l.:li: inclussons,  In ander i tacke the quostion of the



prigin of all inclusions anid the hivst, we present results o ke first
heating experiments performed on ihese imclusions, detailed phase
anabyses, TArsl (a1 Eiry ™ anafyses, and some e element daa,  Char
data points poward a genelis ol Tar the Chassigny danise that &
radically different Frons the slandand SHE meteorite model

ANALYTICAL TECHNIQUES

wlabor ehement compodilions of plasses wond meensancd with o
Camebax  CAMECA  electron piicroprobe  (Centre o 'analyses
Campariz, Université de Paris V1) usang an accelerating voltige of
15 KV and a sample current of 10 nA. A defocused beae (3=7 pm)
or scanning arens of 10 < 1 and 15 = 15 uen were applied for
plasses, wheneas focused heam was wsed for mincrals, In order 10
reduce boss of Na during mnalysis, this element was analyred first
with & cousting time of 5 5 For ] and S mexsurements, The
counting times were increased o Mz AN ke oporating condations
chosen, 1he crror for the C1 and § determinations was calsulsed 1o
be betaeen 10 and 200 The precksion for the Ma Ol and 5
easements was cstablishod by replicate analyses of basaltic and
iyvolitic glasses

Analvtical seanning electron microscopy was perfemned with
JEOL-6400 Tnstrument [(Natarhistosisches Muscur, Wicnna), with 2
cample current of 1 nA asd an acceleration voltage ol 15 KW,

Praton-induced s-my emission (I'] W2 analvses were perfommed
a1 ke 1aboratolre Pierre S0, Saclay, Framce. This nondestnctive
techmique allows in situ malti-clement analysis with o small
micrbeam resolution. 1he operating conditions wer praloa heam
ersergics of 1,7 and 3.3 MeV, 2 total sccumubmed charge of 0 mE,
o beasn corrent of 1.1 A, 2 spot beam sixe af about 10 §0pom?,
and coumtipg limes mnging from 3000t 400 5 A 30 uE {Ear
1.7 Mie )y and 100 gm {For 3.5 sie) mlar Gail was posiEoncd 0
Front of the x-ray detector kn cndér L0 alberiaie lonv-£nergy X-fys

Witrogen anakyses wene also performed at the Labsaratory Prerrc
Siie, Saclay, France. Nitrogen-1+ was detevted through he mecer

reaction VI pa) 17 with 3 deuleron ererEy af 2.1 MY (hasbah
ot af.. 1991) Opersting condilions were a beam spot ancd of §
5 pat, & beam cusmrent of ~0.5 nA, a total charge of 0.5 g, and an
Al sereen af 9 yem thickness in frond o e sarfnce bamion delecien
Teianiuen catrides (Tik) asd'a standasd plass with 358 (=033 wite
M (¥ gy S a1 Al 100 4 3. provided by the Laksraboine de
Chimie des Matériaus, Rennes | University, Franec) has been uied
for calibratson. The M conted of the standard glass a3 peeaured by
MEA 533 (=015 wite
Cilass inelusons exposed on both sides of (b thim scstion with a
il depths vanving between 35 and Al pm wers saloesed Hor enicno.
PIXE and M analyzes. The main obiectivg m salecting thoss types of
nchisioss o 00 aveil Inmﬁrmwtﬁﬂﬂth#hm:lmhin:. The
scazcity of inslasioss that fulitil these conditlom sevenely lEmils U
numbscr of analyscs,
Fﬂfﬁqﬂ_ﬁﬂmimﬂm.ﬂummimummueﬂmnbmis
<28 m, which is bess than the thizkness of the ipclusion.  Signals
from 1he Tesim and the plass werne subtracted.
| icating experionents wies perfomead in a P=P190 Rhit hiating

(#apunnyy «t al,
_b!npﬂlﬁ’*ﬂl_lﬂ-“dliﬁl'ﬁ cortcsponbing, sppicasmats

the oquilibaiem of a mibture of Ar-Hly (1% Fy). Qecnching tlimes
Eﬁ;&m Tho sysiem was calibrated ut the melting point ol Au

P—

Varcha ef al.

RESLLTS
Petragraphy of the Rock

The Chassigry achondrite consists of Fe-rich olivine (Fog) wity
undulatory extingtion, abundand irrégular Tenctuecs and |:J-:.'--.-.r-;...|-l:.
 hasions. and a fow dispersed low-Ca pyrosene (Fazr) and cheoms,
grains.  The rock has n modiuen gmin sise (1-1.5 mm) .|.r|-.]_:
cgiprarlarl lexiue. Most olivines are anhodral bul some  shey
crysial faces. Gilass-bearing inclusions {10=150 pm} in olivine e
samrounded by radial cracks,  The nock is dense with only o fou
channcl:like pores prissnt.

Petropraphy of Glass Inclusions

Three types of glass-bearing inelusions are present in olnvines of
the Chassigny samples L6101, CHASS1, CHASS2, and CHASS]
{the laner three from smple pumber A 276, TMaturhistesisches
Muscurn, Viennak pure glass, monocnystal (ghiss phis a aysul)
and multiphase (glass plus several minerals) inclusions

The pure ghyss inclusions have sizes varying from less than 1010
40 gm in diameter, have a swhrounted shape, and geserally occur in
cluasters with @ few of them being isolated in the come ol seme
olivine gring (Fig. 1n).

Muliphase inclusions have vasiable siees (nealy all =20 um, up
pa 150 g in diamcter), & sebrounded or enhedral {Begative crystal)
shape, and geperlly o o two of theny are presonl in @ given
alivine, and only few are forming clusters. They coesist of gl
plus  micrometer-sized crystals of bow-Ca  pymoccens,  high-La
prronene, knersutite, chlorapatite, and Eroilite:. small (=20 pm)
multiphase mclusioss hosted by the same alivise ore boss shondaat
{Fig. 1h). Multiphase inchasions commonky copiain single grains of
esch of the mincrals listed above, but some contain caly low-Ca
PRTONETES,

Maonocrystal, inclusions consist ef a single cubiodzal lw-Ca
pyroacne plas plass or o chromate plis glass and, in some of thm
fow needles of chioeapatite are also present. In these inglusions, the
crystal-olivine contact lacks the typical curved interfac: but rather
forens. 0 straight ferystal Fiee) boundary with the host plivine
[Fig. le-d) L]

Pure glass and multiphase inchasions can be present = 3 singlt
olivine grain, Also, ewltiphase and monpcrystal inslissoss with
sirnilar sizes and with ghisses oocapying highly different proporioas
of b inclusion cavily can e<cur together i the center al a given
allivime grate (Fig. lak

Reund glas-rick inclusions with some fise-grained phascs art
alip prosend in the center of some chirngtios (Fig 10 Thev
idcification is oely possibde in-refected Hght, which docs nt
altow the detection of phases Bebow the susface o Ehe indhasin

Crystals inside the inclusions ase rich in smopular Saeits
whercas the coexisting glass is free of fracpares.  The host ar
(olivine and chremile) always have well-developed rdist cemk?
surroanding a1l rypes of inchisions. A frabare comen 1 all g
beasing inchisioas is the ahsonce of Bubibles.
{kemical Compeoaltion af Inelusion Phases

= ive plask compositioes in U
moneenystal, amd multiphase inclusiosn ane given i Tahlk
ghaeics pmre rich in Silly (ed=52 witah AlOh {1520 witsh
EL6.TE W), Kl (086 wisel, and €1 (1500-5200 et a
o in Mg (<2 witeh, Fed) (<1.5 witeh and Co0) (<15 wi*el

Truse glass inchasions are domésated by highty 4
compusitiens that. however, faage towarnd amd pveslap with cOSP

o
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{ias-bearing inglimons in aliviee of the Chaswpmy schiondribe

Fa i
LBk Sorknnmor =
e Pasre plass inchaissn in chinomine from wemplhe CTRANS-1

Sealke hai

bemmsbary: hoiwoen cathogysiene md olwing. -Scale bar = 10um. () [Hifzcnl wibes of madtipkang

Sl b

sifions of gl in esalibphase incledons (Fig Y1 Glasses of pore
hemenl conionls as ghasscy from
sther Inchusions bui have somowhat rosibsied sarisions in the
conionas of Celh (0,2-07 wits), Maylh (R8-84 wite), aod hold
(L S R A | i ) Iesihasions of very dalberend secd presenl in
ihe st sl mimeral have Elass . cOmpostions (e
inctugion CH2 o double in sire compased 1y siclenion 1 11, pots

Flaaa shibasions Bayve simaler srajd

wiren et

Fhetomg g snh of gl i lussons @ ol ivase of thae Lhasmapnyy picléddile + 3
r s edving of @ mmaSmhame and mosocryatllms nclovsn o samgie CHARS: ] (from thin v
* 1.3 [m

s ale bae = Q0 s
Soac hat = 15 am

[ ey o pare lass 1o hiions wm samie LLEG|
o & 2761
Mpne by cobodial gERif
g Py o e sams Bl olivine in Raspis CREASS]

L0 yimm () S Eopeocoystalling inclusion i sample CHASS-1. Mobe That the pystment oryital coends inf the oiirs Sepabe b = |41 e

|3 Mimceryicalios weluswa in sarrgbe” L0V

e il Mol and Hald contents, Table 1) (ilags=n Ir!cllll'«i--n'-
decorating feaciunes (T s THA, Tablo 1) e present 3 chinfers
i il ferced et llivines and MayO:poor wilh' o vaFiatss alkali
carrtents bt hiiphly variahle comtents ol L1 (82, 14UMF mned 45080 PPER,
1 ar, poenteling B bhaaons podd and

=i
repectively). - Oinly in Do d5usle

sich i Maxid wore T [aalated i luasamn thid pess in 1he
- y nl dunilcais

}
eanter of olivine grains lisvg smdlar oiasr A

e ——
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Focl 2. Progecteon somlents (16 W) oDl O E:ﬂm glass ol eabennd Fel)
pare placs, monocryelaiime, and eveitiphace inclsinons . the olnane of il
Chacigny. Symbolil B0 = svalbplate ndhimon, [ = prese gl imsc it Mg
W - m}“ﬂnﬂ; mclpiied: B = ne it = chevags Call

ad
vanizhle contents of MNa O and KO (e, compan: mlesons CHE ;;._-:'n
s CHG, Table 1), The mme chemical variabion is observed when Tods
comparieg (he isolated pure plaes inclusions CHT ad CHE O

(Table 1), Mole that these inclusions are doubde in size as cospased e
o in¢lasions CHS and CHE. e
Al mubtiphase inclussons contain NayO-rich glasses (a0, 7.1 B
to 126 wits Tables 1 oand 2, Fip 2)  Ieclusions wilh simils
ghosferystal (g, low-Ca paroxene, clinopyroxens) ratios have
glasses wilh similasty high contents of NayO bat highly dffoeen
comtents of K0 (see Glass] and Glaes3, Tahle 20, Une mu"hﬂ‘-‘li '
inclugion that contains bow.-Ca pyrenene, clinopynonens, kcrsslifgh
and chromitc has glass. of two differenl chenical composities (0.8
MapOhy Kal), and ClY (Tabbe 2). Mosmagive mrinerl compadstiond &5
donsinated by albite with o tendency iowards incroasisg onheclas
contents (Fig. 3). The most K-rich glasses have been found =
mulliphase [mchusions conmaising wp 10 69 wes KO 0
oonmresponds o =4irs normalive orthoclase (Fig. 31 i
Gilasses from monocrystal inclusions arg very Maglned 1=
L0 wyt) wigh kall contents <25 wita —
Glasses of inclustons in chromite are very silica-rich, Sewing
the highest contents in 5i0; of all monocrvstal and mreliphas
anclussans [Table 1) : -
The abundances of somme menor s drsce clements in the gl
of inclasions os oblained by EMP, micro-PIXE, and NRA ansty=
st given in Tablc 2. The BE and Sr contents vary Gom 85

210 pywm ] 2040 50 B0 ppmy, respectively, The M confents s 35 --
highly varisble and range fram 160 1o 7450 ppen.  The Gomees
imcrcase with depth from thse section's susface (Tadle 3) Ab

Mimerals-The chemical composition of the main !'1"-““":_':": i
is comstant throughoet the rock. I is FeOurich (Faa) and M0 0 bl
CaD (0.09-0.22 witih Low-Ca pyrasene ks rich in Cad (1. e i oy
Telhy (0017 witek Celly (0023 wess) aod ALy 07 ¥ " ko
{Table 23 Calclumerich pyresens oonch m Tikk o 5-0 g
AlyDy (4-10 wite), and Nagl) (0.5-1,3 witel, bul fairty P
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Faniy 2 Represmialive analyses of coeexiddimng rh:un and plasses in i iphane asd meneciviiaime ineluusn
Muhipiisiss i higwea
gy Lt ks L Lr L dolase®  (Rmd® ey Cpw Glasl Olass? Ops e [
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Sl £3 1 10 4 S06 a0 07 51 el 2 el 2 a4 % &1 T d £ % P SH =
Ty 047 7M. B3 DS 338 044 0B 006 03 046 0 P P e
AL, 318 x4 (29 a0 |4 AR Y (T T T i 194 e
i r:,l,'ll 028 .77 {1 &% 043 457 034 {0105 1 041 [FHES (L] aoa i 5 it -.: i
Fe) {70 ia Qg0  B& 3280 L% 059 052 148 B4 Qag a3l g1 iga i
incl p&0 023 037 03 08 D48 062 000 052 048 0ok 00 B e
Mg I8 1.3 1.5 4% o M7 2 a2 223 14 {0 s V34 4§ e
Can patr a9 164 192 N | &% {104 3% 2 w7 017 o 18 T -|--.:-
bom. i L 120 110 045 L] L 15 12& {1 04 [} B i1 files Wi ".i
H-[" s 024 03l 0 D L0 ] 111 5] L] 025 0 5 (= fi ] | &7 L] nni T &b
Tl 597 AT WA 993 989 999 I003 101 1005 993 WO 98 102 wWE  gaa
1 m - | 220Kl - - - A TH} 410 - 4541 1736 - L1&n
' . Speacrysralline inclusions
O s Ot e Glaes Lt (U105 st Chroendic (5 MgO-poor {3=4 wi%a) and rich in
- - Tk (345 wae) and ALy (B=13 wits)
Sl 831 k] 113 = M3 Low-Co pymoovess [a manocrystal inclusions hss a somposition
T 326 LEL ol 4.5 {1'1'1 agnilar 1 thatl ef the !'I!'l:k-rﬂfl'lll'.; TR Lkt [ All phases ol
Al LI Pl ) { :‘ 1 ;: I:lr': musliphase incluxions have varizble composstions (Table 21 Lowe
Cryy "Ll "";“‘ I:;;a' _":“I ;Igl Ca parooene o muliphaso inclussons, for mampds, bas o compo-
Lﬁ) 1‘;“ e i) o nne  tion different from that of the rock-Forming pyroxens with high
:'.'E-('l 3:\".- 0.0 "'t.‘ 174 P and variahbe Ty (020055 wetdh AlsDy (1.59-3 wi3), and Cal
o 1% e | 30 ane o & [1.93=3.73 wite] comlonls
M) 115 1059 004 LB Heatimp Experiments
K.0 03 X4 nd 1503
- T ek et P . - y
Tonsl s Rt 904 091 1061 e r.'.'-..rul hr-:lll. ng experiments have boen [-.rl'i:v:?'.-:'\:d on ihe
Clppm 360 5 E a0 Chassigniy sampics wilh varving héatssg et dnom 8 °C'mss up o
= <] 0 *Cimin. One of the figst problems we (Boed was the darkening of
“ilisees im the same moliphaie melusen the samples. In all cxperiments, fachures began to pet dark ot
“Ortbomroaenc cufrmlus pliace (Floms of o', 1578 LB FATUreS af =300 "C.  Thix darkensg inleEised & high

fod. = ndd detErmined

F

temperatuncs (L5 “C) and; dis mainly o the high abundanos of
fraciures in the olivine, the sample became completcly daric. - All
hcated sasples showed ihe s=me behavior that was independent of
the heming rate. A lomperatuncs, between S and 10 °C;
samples pradually bocasee dheas, Experiments perfoammied with o how
beealing rate {up o | i “C) and that wene Beid for an addition=!
12 h al this fenal femperature cased & complete darkening of the
sample despite the eperating conditions chosen [hoated He
nimosphene a8 O getter]), Possibly, the He (o nas 5ot lage encizgh
to prevent the sample from botal axidation. :
Anceher problom o solve was that of decrepisation of inclusions
at relively bow temperaberes mainly dug o tha presenos of
radinting Fracturcs around  the inglusions.  The cxpomments
undertaken 1 Beating. rates ‘of 10-15 “Cimin showsd chal foal

y @

: deceepitation of inglusions socuiral al lomparabescs | I:.r.'l o ; _Fhm
. o =B h cach with heating raies of & “Cimin up b 300 °C, 2-3 "Cmin
- up o 700 0, and 1-2 "Ciisn from this lemperaturs up B e Im-r:'
esnperature of P00, 1000, and 1200 °C, repectively, appear b b
: the eptimurs condilioss that prevenl hath 2 (ol deskening and an
: earty docrepitatbon ol 1k nclusions.  The fimal temperatunss Wera
- fiedd Tor 30 fmin after which o mpid guench (<1 s 10 =500 l:f
: preserved The finsl conditions and proy cenad enatallization of the
Or melt,  Adlor Bese experiments, the chemical compssion ol the
ﬁ gl i detonmised. It pamicd pal :H;:;Lh:;;hem_md ;TTL:IT;:
P 3. Mirmative composition of plas in pere glas, swsocnytaling, md op jp in e Beated inclusions | Vari S0 [
i e o e e L e e T Bi0: (6570, AL, 15221 FeD [06-S:4) G0 (02174
o il ﬂmlm « = healed Eclushns ?'il'tl sy o= hoated et {24-5), and K 2 T-6).  Momalive cumi
("] i b {1000 07, W = heated ieshis o {1200 ) placses are showm m Fig ¥
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DISCUSSI0N
Previous YWorks

The Chassigny achondsite consists of Fe-rich alivies (Fogy) with
ankedral 1o cubadm] shaps that is suggestive of o cumulale ongin
(Flomn ef ol 15F8) Accanfing po these aulhoss, frroxenc cin al
ke considered & cumubus phase, and ils chomical composition (€5
Fe/(Fe # Mg) ratio) comparcd 1o that of olivins has heen considered
i ke ponsisest with a copenelic origing The texture and miincratogy
Endicate that Chassigny 15 & recrysialliced cusnulste dunite which
possibly fomed (rom a (mationated melt rather than o residual reck
after paruisl melting (Pring o . 1974k Mnson er al (15T
sappested thar Chassigny is an ofivine-rich cumulate derived from a
chosdie-like magma. The  magma. from which Chassigay =
supposed 1o have formed mud bave been highly enrched in the
Hght rare camh clements (Boynioa of al, 197& Wadhwa ==
Crome 1995, Accoeding 10 Rovaion er al (1976, tha simflasiy in
e fractionated BEE patiorms of Chassipy 2ad the nablites
sappests o genetic relativsship. Homever, the distrbuilon of e
irsce nnd’ misor elemests in augites, akhlies and  Chasiigny
sspgest that the laiter wis not comagmatic with nakhlitcs {Wadhwa
and Crozsg, 10951 According 1o Stolper e al (1FT9) the =ourge

peghoms of the paresl magmas o these meks (the Basaic
sherpoilites, the pyroncenisic nakhlises, asd e dunile Chassignyl,
although chearky disting, seem 1o be relaied by sndunes of vidatile:
rich and volatllepoor composents in plamstary of nebular seilings of

by wolutibe loas from mn originally valslle-gich primilive materisl
Mitwihstanding the extensive wirks done bo charaeierine tho
! mmilimnrmpumlmpmﬂunwtmmnmhmlﬂ
remains a matiee of debate, as are lso the origing of olivies aod
! mﬂ:l-rdmimmlhm1mmimuhmmlnmm
| cquitibrium [rz. Bunch and Reid, 197%; Nakamura ef al, 1982;
Trcimean, 1986), A pasrmary of curres hypotheaes on the penesis af
SR mcteorilies in peneral, and on Chastigey in particular, can be

Eound in McSiweon (| FH

[28 132, 125, 122, and |G have 30-35 e depih and anc
exposod on hath sides of the Thin sottios Monocrydtalling insluissn 132, 115, and 130,
muRiphaic mchusions: 128, 132, and IG. Hember i parerilecsin comoipandi 1o the doph

PFarticular Fratares of the GEd-Tearing Talub,,
in € hassigay (Hiviee
(1] Inclnsion Sizes=Trovious wigk on Chasier,
—  inshesions (Johnson er of, 199} eely comtiderad 1.

0.0 ; - ; i Ly
Wi inchusions thit arc all mutliphase mcherions. lowey,

in the zeerples studied by us, somwe multiphase ipcke
} ‘:E have similarly small sizes than pure glass inglusise,

To cxaméne the problom ol isclstions” sire. we by
i stodicd ghass inclusions in olivine of Sommats (V.

14 Endian Island) lavas thal Bave a composition gl
1360 maninitc with 2=4 % Pl (Gioscada rf ol mepuhl i
] and thus, alzo close e thal peoposed For the paresy
1] magms of Chassigey (Fohnson et ol 1991} Al o
i comsidering that in Chassigmy inclusions with &
1 shres are Irapped in the =ame hosl, wo have cheson we
[-154 ghass inglussons of very dalfenent shess hosled i the ame
2200 wlivisse for the heating experiments. The lemperitens uay
{15=24) galesd g0 D150 2. This lempembere i cliss o e

= homogenization tempemture and thas o the liqeids of
= the inclusson (Sobaoley amd Mikosan, PR Whi
— |osvering the temnperalure from (1500 YO s pom
temperniare, dasghics sl kave nuclesed in b
types of inclussons {rg., chinopyroxene and phlogops)
In the lange and the small inchusion. the daoghicr ¢l
and a bubbde occupied approxinatly 50 and 3% of the
inclusbems’ cavity, respectively.. This experipsent shows that if sl
s |ange Encinsions that arc hostad by the samse olivine sampled b
same ambaent liguid and resulied from a closed=-sy=iom coslag. thei
will evolie B & very simsilar sy, This oample maiataing our bebl
that the stedy of inclusices wilh difforent sises will help b give 2
complete spectrum of the conditions  prevailing duriag (et
{ormation
I ihe same cooling rate is appliod, ax in ous example, balh Bpd
of inchusions {the karpe and the small) will contain. crystal phass.
glass, and o babhle.  Hemever, the proesomcs of differcst pypot of
inclusicms im the =ame olivine, as it coenmon in Chasisgay o5,

clearly indicates that they cannod have bocn formed I'lumatnﬁ"'ﬂ'"

parcnt melt but sather must be 1hs product of hetorages
LERpping.

The Absence of Bubbles-During pateral gooling of ="
inchasions, the dilferential eonsraction af the host (a crystal) sd 7
erelt rewulls in Lhe fomaticn of 3 shrinkage bubble and, Sqendity
maisly e the cooling rate, erystallise nuclei (Clocchiast, 1977
Rocdder, 1984; Clocchialti and Massare, 1985). 11 the inchos
remains a chosed systom, the crystalliztion of daughtee phases *
produce an oven spor empty volume wish rogpect to that of e
sarme inclusics that is only composed of glas.  This J'ﬂ-'-'"-""":! -
wnlumee will give rise ip bebbles Thst can oooupy v
peoportions of the inclusion’s valume (Clocehiatii, 1975 Ruodd®
194} Hhewever, none of e plass-bearing i huices in {HaF
alivine Bas n bobile.

How can & chised system that evolved by poot<nsaps®
crvsaliization of an (nicially volatic-rich mapgma devekop PRIC
that aceupy m:mm]u!mmmsmh'“wm
a bubble? We cannol imhmn;km&gmoﬁd“‘:
systom accompanied by post-cnbapment bocau.
this i the case, the systom wouhl have had 1o devebon 8 bubi.
Possible fechanisms

Shack Presiure and Quenching-iine posiible soluten ¥
m.ldum:huimhdmm-u::-uuywﬂpﬂw

B
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(ilast-bearing inclasdons in aliviee of the Chassigny achondriie &%

FanLe 4. Reprewsidvg EMP ma:}--r- ul'ph.hﬂ in rrn-l_:-.-d.nm_lu_u.m clised gystems 38 thoy, woukll have lost pert of. the: melt

Final tesperature 900 0 and.  thus, their chemical  composilion  canmed be
Mulliphas inchsion Pore plass ineluiiem NPH‘-'HIII.‘IIut.nI h inatial I'l'\.lt|| Hovwever, there s @
e il i S kg bt trace of glass in the Emctores (in contrasty io what bas been
Ope Cpx Opc Cpx Gles Mool Glos Gl Hit L1¢a|:|;'r.=.s1$.m the Shearpoliy achondrite—e . El Gormey
- — -rr =1 T e T & al, il Thoreloere, feemation of hul:l'hll:-l'r:-g
S 2R 2 530 511 aRE 569 . 1y S T Eaalih v

o e A T 003 011 002 L:,L':,*:;:;,:'::LI':;'I’ sz by 2 Siock mnclting Evert soems

Al 3.4 47 Ll 1T 2.9 i o e | e o0 oyt e .
Crd, 009 OEE 010 B 000 00 007 ons 000 rogencsus Trapping and Cheenchizg-Another
e} B3 &13 16 Q19 0E5 INY 105 el 358 posshility could be thal the inclusions were Tonmed By
Aa) p4g 037 047 040 0os o 003 ook 00l R helerogencon: trapping of a mell (plus  preexisiest
Mp M7 148 142 11:2 s 3xe ale m13 M4 rrinceals) thal was eapidly quessehed bhefie the cracks were
Cal Lig 193 ] T L [ T s 078 0% QIR feemed. This could explain the absence of a Bubble in
Mzl o 02 all o kT 44 21 16 mulfiphase and monocnyatal inchusions and the absence of
(5] EOE 004 OO6 - DOE B - AF - 33 = a shrinkage bubblc i parc glass inchasions. The troubls
'. .,,_,.,j w0 enz Rz R s Bl o R i How can one grow aed sccumsslale large crysfals,
r compesitionally homegenize them, and quickly ool the

Finsl femperature 1080 0 syslem 21 theo s Lene?

Pure glis inchions ! Metastabiflity—Iselusons thal bave irapped melt rich
— _— - im valatiles will generslly mocleate: a bbbl during
Giless et Cilanis Gilass Mt cooting, but some melt inclusions will nol This l=ck of
!'i-ll.:l. _]I.l .3;- f.l.l-;_- 714 : 1-1-q-“ phase change within i|rr'||;l§il?1'l:'- afer they have hfm
o Bk B 0% ol o tezpped can be cxplaned in benms of metasiabehty
AL, 14D agl. 1651 155 000 (Roedder. 1984} Accoeding to that suthor, "significant
Cruly 050 i 0 ooz Aol degrees of metastability (usually stated fn the tom of
Felh 2.4 i (.2 L% 2R pempcratune) ane most  cominonl encouniered in the
aan .14 0145 000 o 043 rucheatiog of gas bubble snd daughier mincrals on cooling
D 1] 354 035 0l b inclusiems that weore pesviomsly heoenopeneous”  Thres
Cald 1.3k 0% 0.5 108 016 main Thcbors, cxacasively explained by Reedder {1975,
EJ"—""; ::lu ':g '1'; ;'172 zg 184} cam he responsible for the suppecerion ol Bubbles.

ALl threo depesd o the sk of the incheisis Accarding
Tema b 100.5 "3 A #. to Boedder {1970, and 23 o resall of this sz cffect,

v TR e | K T —i gencralky only the larger inclusicns in 3 given sample will
have bubbles. Apaie. this is not the cass in Chassigny

Final trmpeatore 1300°C where all inclusions, the big and the small, lack bubbles.
Sultiphacks inglusio Fure gl intiisions. Laow Cantents of Vilstites in the Meli-The presoes
e ST pacer 5 : ke T ! L e
| @ oniouoniiope gaReiiler T (G s e nee e DR B e i The
By 197 w1 3TA HE oMl - 5Rd 714 &3 571 prosesce of amphfhale in the iﬂll‘l!:‘i":l'ﬂi worg Eken a2
Ti, Gik Oz oG G0 047 0up a3 035 019  evidenoo far “volatile-bearing” inclusions {Johnson < of.,
- ALD, 019 167 000 107 182 000 172 W3 Dd9 1991; Harvey and McSween, 1992). Heowever, many of
] Trully N oo 026 000 Qs 000 poo oo oo lhe karsutites peesent im SHE  meseorices ::u oxy-
: Fel ST T T T T T 1 e ap3 371 Iz  keessulites and ace siable under dry condilsons { 1 3t €
1 M f4% 007 13 068 oo 0ER ai3  oos . v ol 1) Sach dry armphiboles could be i equilibnam
| Wl 128 I3 NI Cass o 128 057 097 39 with & melt containing caly 100 10 1000 ppm Hy0 (Mysn
i sl aol 128 00% 060 L3 016 [13° 137 042 eraf, 1996). Thus, this low cosient ol valatiles could be
= Mgl Oo6  LIL o4n G0s 235 - i mﬂm.nmwmnw;m&kmwmh
3 Toad 1003 W1 oed twh 9l 1004 oS o7 1603 E;‘ﬁfﬂﬁmﬂ':‘uﬂ in:m i ahikits
¥ ' bbb [Selitane o af, 1998).
1 The Most Pessible Mechaninm-The caly way i
s crysials phas bubbde and, a4 & resull of dhock peessuncs on he omder atenog of bubbles can b i inﬂluvﬁﬂr#ﬁhh:m:';ﬁ
Ag & 180-300 kbar that this mcscosite 15 belicved 1o have sulfered g dafferental shrinkage hetween the mely jend i o
o [ioran ¢ of., 1ITE), the glas of the iselusions was shock mcled  oecerred.  This w-uﬂ imply. . Taiiky _|="-'f ":I'IE':' durir dllr e
if l:;ftmn er el 1) and teen mapidly qmrnld wilrmutl Im-riru :;mm of tmpping and, consoquently, durieg grooth €
#yalom smie to develop a bubblc,  The plamar and ieregular sl
fmﬂlnﬁmu bave h:n;:rwmtmd niﬂﬂr:c fioar Ui :Jg'ru-rl. o, we are lell with the possitility that the ghass {os 3 crystalline
. I ever [Floran of ol , 1978). 1F the glass of the inchasions was melied peecursor) was irapped sogether with mnuumhﬂﬂﬂﬂm m.ﬂl:
- i suseh an evom, it would be very likely that bhis mell pencirated the umme_emummww
e sarendieg fraclurcs.  Therefore, the inclusions would not be irvidwil iluring the trapping cvest

-
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of the low-Ca piTocT

wmipny eock {Table ) This

cimblasity and the Facl thal [ w-l3 PyTONENG  prains have
cuhedral comtacts wilh b - hosd oljving suppest that low-ka
piToxcEE can be consk ad @ precxisting phase wilh poipct B

vime of Foartalson of 1Fe Similas

LElb T [yl inchuse
rinaml phieo, Were sty desenibed by

L {1992} from (ke Makhia s

tho CRovermasdod

woenis Bave chemical ¢

(heir pocus phazcs wahich, i
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iy 1CMET

3 miserals and feldsgar, in a sl
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inclution cavity, The m
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monoerysial el
ol alivine e
dilferesn propostions of (he
eralopy also ditfers [me G0 inglusion o
aninher. Their sipes, howeoves, ang Simiar [he primay nakais ol
thete isebusions bndicales hal they WiTe trapped | darmg gEawath of
the Chassigng plivine biak, - thoy amd viry likisly Feprescnd
saamplos o exisberl 5 the lime af caapmmt

i me 3 multiphaze Enclations were irapped in
diffierent graing, we eduld conssder [hal the quite distne
exhibitod By those inclusiehs arg indicative of dilerent [eemation
condllioas. ‘& has previously Been o i=d i the Bakkia ml
[Harvey and MeSwoon, 19921 Floweyer, the sivsdion &0 Chaosigay
1% quile different feom that in Matkle 'Wc cannol arveios a dlTerost

Cilasses 1

Ve

fexinecs

Feerraariion candilics Fhas wostd allne e b0 chooss ane Lvpe of
inchaston wilh  mospeet 0 he oiher, when bolh Bave B2
cantesgoeanecously rpped by the wery &Ene hoar. B0 these

sl

Inclusions repeesenl s moil gpe of “daughter
whascy® that €oystallized during sisbmoquent chosedimysiom coolisg,
s wappesiod by Johnson of al (L00LY, then the guesiion arise
Wihich ignooes proces has g be imveled 10 explain bhe fact tha
similss volumes  of mei from B Bomegemeous - TSIV
COrACTporanosEly frapped in ke sams hosl ollvine, can bave =x
differend evolationsT 15 thiz The weme pEOLCE i cart wh o s
the exkagencs of pure: glass and multighase inclusions with smbs
plass compasilions kn Thi wme hoal gralml! There 15 0o such proges

1 BRI

by g e et

adul, crmueEnly,
of phases, €7 sialler
af tee inelusics {ogmmalios can explam Ik situation
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[l meEe neus Reiervair )
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n% i sapaisingly 182ge and ow
The Fetd amd’ Maf) costes
This positive coarels

_l._..],'\-'q."l froam ol igeh

have correlalod abufy

15 line ]

posRtively careelaad (Fig: 4)

enre, 2 s foond only im pun: gl and he i

ioms, Thepeloo, it could b ke realt of __.__- ,
ke inelusion’s walls By pnmaTy  XImys disfeg
(Puorescence) or of the heating experiments, reectivel !

s3a-01 and B0 conlonis mne negatively corrclated with
I.-'\-'-:'.l:". {Fig- 4} Tho decreass o the alkal
<ilica is much 1oa larg :
rafbeet compasitional diffcrésges belwesn e sources

The lagge and chaolx vatability of alkalis; h
im the plass inelustons peeclsdes o derwvaly
ervolE, C3lasses canned Tepacke [he red
olivises q_'.lll||l'_F"l'i'\-'\-||'l._I. By prawm
In addstion, i multiphase
ererd qantitics and - proportices - ol miner
contents of Si); and similar conbonts ol gl 0§
residhan alber erysiallization in achased syslem, wo faid I gt
miserabrich inclusions Lo reproscn | slape
{huz. to have the highost eontents of Rl
highet conlenl ol haght al ull
miofeerysial snetusions where they oooapy 2 h e volums:
of ihe inclisios and whene erystal phaoes are closs in £o
¥hat af the minerals in the rock. This is 2o wd
hetetopencous IFRpHing.

FFurtbersmong, the ;_'l.l'l!'\-l.l'l'l!['\-l'\-\ili'.""l al

wiions 15 similar and has simifar chao

1=

=kt ris

orWEET, T

1 .
indlusices v §

b variakels

reln 15 conlemporanenishy trapped i
hist phisc, and some phises grow: 8 ond
olber. 3 chemical variation of e regidual met and
composition of plasses from multiphasee and s
sl be expected. Such o difforesos cosis bis
has o B expoctods pure glass incluss
plas of all inclosions, despile B L
Eauphier mancraki
LTI

Al 1% ol
¢ e s 2
that they ded R

d in part b< s

These fealures 04

ncss of these inclusions bocause the high surf: vl P

avior 0l OAF

||!q,|:-|:,' has some inPueioe On - e prn;i;.l;l: 1
fujds 2sd thas can alfest he  chemich
precipitale,  Mucleation of any mow phase wall hepiers ©
eomposition of the trapped. Bauld, e rabe of cooling.
af e host mineral (Bocdder, 1979, Howeve, the fis
imclusinns wede formed rather than big anes mus b &
of ihe kocal eosdions g

In summany, the composdtions] variabiliny oo
hearing inclusions could indicato that olivines have 5ot
samplal phaces in varying proportions Consoquenily, :""_: I
erasst Bave been prosent during gromih of The sl o harget ™
Ca poveoscres that were trapped in monoeryatal i e

and the pE

1o those i the reek, wees small enough ba be et - : !

growing oliviee,  Small erysials ane out ol waui e I i

larpo anes in a shemilar way 1o (hat proviously pheed 18 Jogls® ,

Mcsurding 1o Trelman {1991}, phascs that da flcHe '::‘.:::-.- :
et -1 - &

rapidiy, leading g0 crvstals with noncguilibs
Powever; in Chassigny tho gliss procursors ald 550

s (=4



Cilass-hearing inebesions in olivime of e Chsing achesdri)
r 1

7
Pping - — T
IS | { I T
: precumiors that
different inclusions IR A e R
A | o . = v 3 |
o 3 1 Heating Experiments Sa ik
i 2 Ppar khrﬂﬂtﬂﬂuk'franpmi
; : ; o : l'o ciain b cofnposilion of 1he Bkial sl o
:'E““t.w z | = plas-bcaring. inclusion, we can cither (1) ,_-,_l..-_-ﬂ I|. b
il 5 t : -'_'| = i memeralogy of the incheisom wEing o A oty
S % 1 : _'5 = o | equations solved by lincar regression ":ﬂ:-:-‘-;-m b o Mo
ol 1 ' 1991 Harvey mnd MeS e i,
e Y End MeSwoen, 1952, e (2 fi
tlysia 1 experiments thal will allow the pr ® it rblscagps
i e Progesses Bl ooommed el The
= imchisions during cools B B rove ol
i = i s g b e reverid. :'-11I1:|"|'|nr.|]'.-g X porimemnis
i }-I ; ‘I ofk plaks-DCaring inchusions as mpﬂnurnlnl envHalizinen B :
ke L = | e ; | heom | porfarmed b oblain siomaalion rc:aaudinp_-lh ligquid: .J:r
. ! : ? i W iR
S 3 -.:Lu.-n‘r: of oy sinllization of différen phices, wnd o -:_I-_q.,-m ::,- 1|-:
A0 1% P :.'-lm-r:-"-:n!u:al conditionst prevailing during crysiall mtien of the
mﬁh' . !:1!':”' feg. Sobolew and Koaryuk 1975 ‘!'ilﬂt\:"cv ofF .al I':ITI;:;_
S e . ..u..n."rnml. 1973; Clocchialli o aill, 1578; Rosdder, 1984
o T' e — e Clocchistli and Madssse, 1935) . :
| Far the calculation of e ini .
| . | inital  liquids  compesition
s i = i ‘_x-l_r-i';'\-_“:.n-; i 1o the popomions of 1he plases s=nde the |r:|-\.'-::u:;\.'-l';
ghly i : d e |J: r-,-.'fl wolume have to be made, which consoquently léad to 1
bl E o = Kl simpdilication ol the natwal system.  In the second method, the
<t g f ] whale inclasion with aflits phased (Qauphter ploces el I:i'i' :J:.'::'rul'
e Sl __l.'--_u 4 the host mincral crymsllized ceto e inclusion’s wally) e mested
wien 1' I r 4 | 1|:|H|:|F._.‘-|_ as well as #i bt fineral, 'We have choswen the heatng
; I-:r 2 5 . experimenl in spite n.t'mc consiraints impesed By the docropiiation
: o : I:I'_Filn ] p?l:ri‘-.:-r'--'. non, the limited durtion of healing nens, s the cxidation
. i of the semple,. An additional lesitnion o B melhed 55 the
:"TI::;: 3 _:Eib :':?' - presidse comditions, a8 -Il_'l our healing cxperiments wore perfimed
p k o [ ; ) al | bar. (¥ panicular impamance is an adigaale duration e the

Besing runs becmses, if they e too shor, na dhsuadation of the
daughier phases and of the host Shat, coaltd Rave ceyatallized aflee

glas :
u:n:nl Bi0)2 wi% ||u|'!|1ing will l'.JIu.* place. If it &5 domg, sa=ples wild oxidize. The
given oplimum condilions during thos: experiments e preveniad Both
in the al ; - - - ~ D decrepitation and oxidation have been alrcady describod e
iz the Analytical Technigque section]
;s:nn’ . | .. Deing thesc cxperimenis, migralion of the melt [ open
kst Py | fractares will prodecs smpty. inclusions, similer o thase obtainad
ek | s o decrepitation. Onc heating cxpeliment was dond i precizly
ahice . v Aelemmiae the lomperatung feleened fa s decrepritalnen formparaun
o the =gk - 4 For this purpose. pure plass inchndens with fow surmounding
e £ - || fracilired wire chosen  [m o hi way, he poibility fof early
el = v O l];;:ldpila‘.i:: E ﬂnli.-:dd. Totml deorepotation  (1he -rwuiluln:-
3 | . - i spddenty ocams 1nﬁﬂm1ﬂnlkﬂh§ﬂa¢ﬂnbﬂuﬂﬂl I
;:1 :‘rh: . % and 115090 This decrepetalion Bemperies is in pood apamml
w2 F 0 F”tl with the “equilibestion femperalure” calimabed  iem apexiing
y small o ! - m i .0 o ® | pyvoene pairs in Chassigny imclusions (Reinson ¢t al, 1991) sd
& % R T #0 BE o a4 with 1Me "sccumzlalion” iempsrature of 1080 °C {Felper sl
quiTIC: ! yacSmren, 1979) eimated for Shergotty and Fagami shergemics
SR wi e [onher members af the gui proup). Thes, of ihe final temperaiung
| lasss Fuci & {pmepepictasial varatesn of ghavecs |nmm.-rd-t-'rn;11.-_rnu1:.w:h- e of 120070, L which seese Chassigny inclusioss have bom Bebdcd,
pepusly |:1 Fet -.: Lﬂﬂ.;ﬂ :E_a_n .r:u:u;l:::l:lﬂ n 5:;_::._ Syrmbolc M-T_: posible reactions amd dizaclytion with'af the sl can be eapested
i#“"—j ndnm_t-nluu:ummql:nnm_r—umd i (D00 *C); 3 = Nevegthelkss, the i $ilistoe inchuions hoated S0 i high
e low= el rchitions 1000 ") ¥ = heabed el (1200 "C} tcmperature remained Siy-rich.
rebalve Figure § shows the chomical eompasiion of glases in 0
e equilibrium with each other. Clusior inclusions with nonhoems: incbasion that was hoated to a final temperatisre of 1200 °C. Theee B
aiih the pencous gl compenitions indicate chemically. helengencous o significant variation in the e KO and Cal) coRr =
Hlﬂ'“‘ geoasrsors For The glass oF mixing f pregursor cessponents shortly glaacs (nside 182 inchuslon and gl filling 1he sgmeumdmg
F Ll beafiae o during tapping  The oteems vasiubility of tho aliali pod ~ fractures. blenever, ghaacs fittiag the fractures s gich in Feid and
gl ‘S contoets of e ghassce suggests that these eloments were carsid  MgO. which indicatca disahilion of wme buct eliine.  The

e oul o




ax

Vazaln & il

o Pl e M 20 = oD e K20~ g0

T0

()

<y [

~
()

10

3 4 5 G T
Fii 5. Mackacaier ghocléod soanman unags of a heabad mulliphase irfaen

with indscating, SIAL analysis  (h-d) Composarnal vanaten of
mp:;ﬂi'l'limﬂm 1wl peroel

1 2

exmposilEn of the glass insida the incluxion and ¢lnee
incbusion walls remains flch im 3000y, Al and Ry,
Pl amd Mpid |.|_;\'h|.\_- 41, This also halds for nondecrepa
inclussnns
The simalarity of the glass compesitions of healed and inhey.
i lasioms irdicaics thst the FI.|'H.'\-\. |5 mod a retidaoaal plass formed _I,-_ﬂ_
ha incluskon wis einsed.  Thios, our hoating experimests (Tabls 4
strangly support helerogeneoss Lrapping
Dizsolwtion of the host odiving in L mnell and posibles dilfisc.
af Fe and Mg frem the host into Wb phass gan oocur diding (he
||._-_|.;'|ir-_g |;u._|1.|_-|1|1n:r||_ This can bo detecied By elevaied “-_-g:,'-\,-::.l -
keh ehemments and esr positive correlation in the plass of hesad
tnelusions {Fable | and Fig: 4. By dizssolving the Bost mineral, we
are adding the olivine cOMpONEns (o ihe liguid 2nd, thus, we e
approach the podsible. composilion of the indliak’ liquic
it given fempersure and preserved by the quenching
inclusbons Experiments wndenaken fo up 1o 900 *C (Tat :
nol dissolved  epouph st olivine 1o approach equilibries
However, in the exporiments paeformed at T2H000, th
coeflicient, [[FeMplyiFaMpl ], for olivine and
0317, indicabes condilions near to cquilibrsm. G
the elivise=liguid kg valees decrense wilh mereasing & T
of the coesisting liquid (Baker o al, 1996 Takshashi, 1972
Falloon or af., 15997) and mking iste aocmint the experimental dat
of Takshashi (1978}, pericemed Gl 1 abm and: redsci
[(COHy =1}, sisilar o the conditions for oer Chasigny hese
ewperiments, for 2 total consent of alkalis in the liquid of 6% it
{mean value of the conlent of alkalis i\ six heatod iaclneen 8
3004 Tahle 1) the calenlated Ky value of 0317 i in goxd
agrecment with equilibrium conditions {Fiz. 6.

Theme resglls  sbyow  Thal |||,'_'||in_.'; s wege of ong enoups
daration 10 achieve dissalution of the Bost Howewer, Somd
crystalling  phases still remained inside the inclasion i
cxplanation Tor this sibaation is to consider ihat both the host pins
sl some of the included phases may have rucleated shove 12001
However, iTthia 15 the case. it 1s difficult 1o cossider fhese plisss =

daughner crystls foemed wnder @ closod-gystem  (ooling 4“-",_. .!

inclusion formation
The chembeal compesition of the sillicamatkall-rich Hiquid that B2
schieved near-cquilibrium . condilions with the host s oot
diffcrent from that previowsly obtaised by Johsson of of (1%
The sisnilanity in the glass composition hefore and 5T hosse
sirongly suppeats a stable host-glass relationship and dus bETe
EEmCOUS ERppEng.
Tazit 5. Scansing choctroen micimtoops mnalncs of a glas fm
heabesd| pre liresn {1200 L)
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El¢mrent Distribiion in Glass Iaclusions with Depth

Glass in heated inclusioms (Fig. 3) has isdedased orthoc|ase
cosfents 36 compared Lo the unbeatod glass, Some of these glisss
penject can: the manimuen: of the Q-Ak=Lir sysicm al 1 bar Py
{ Johianoes and Hoeliz, 19946,

The variation obscrved coukd supgest that The glas kb Bl
homopencoes with respect 1o ceriain clements (e, kylh, Calh)
These inhoesapencitics could be the eyl of a ol ization of
S0Mme Fpecics in A post-cnipaent event.

If the alkalis werne sampbad by the inelusions s solid phases that
subseqeenlly wore dissdved @ the glass a2 heating event that

creabed the radial oracks then some K coiib have boen fodeporsilod
i Bese cracks dusing this evend, Another postibality is that K was
added by a mesasomatic progess.  This K then maved imo Lthe
.n._-lu:.-m'- during the heating and meiing exporimenl that lod 1003
s Bomopemined plass compaiition.
The BB eontents vary between B and 210 ppm and ase

schondrile

lasscs powsibly samspled differon amsewnts of fth
j."'rl“f‘.‘ ko chemizal inhomagencily of glass in
inclusion alss podnts in thds direction. :
Alematively, eoempositions could have been distorbed B
procosses that mohilieod these clements Homever ok :'I'r gz
wiald ey have bees posaible From inebecions thae ._._','.._'. _:.l,h\_:JI:q
cracks bul ned fFrom zeslal ones.  The deproe of --u-lhill:.'- T |"~:'
abundances indicales tkal Bb mwst have been muck ,m_.,_." .:._,_._;..-:f
than Sr. . o
Al inchuzions have :"_!I:. high candents ol M. which alsa sty
tn be highly mhomogeneously distibuted (Tahle 1) =-;;.-,|In:,.:.._-.:-|
concomning the homogeneity of M Jdednfefion [+ obissed s
considoning both the position of the M peak compared ot of The
standard gl and the shape of the msclear peobe spoct
The =hift ol the N peak towaed lower enepy &
imfoemation comes (fom 2ones bocased h.-ln-.».. the pls
Several comsiderations in the treafment of the das

anil 5S¢ precsior

ofi€ arnl ihe same

Eaie
R

CONCETIINE
rrainly the incidental and 1ransmitted onergy, albow the i.'dlt'ﬂc'.!\.'\-.'
ol the depths from whach the information comes (Pyrols progrss
Trouslard, 1995). A= a romll, M oappesss 10 Be conccntmisd =
ceriain romss of The sheludadds wich phly variable B eecreasing
shondance with degeh, For example, inclusion 123 thows a hi:ahl;-
inkemnopenoous disteibutien of N 28 the surfsce. from 0 20 & pm
depih, ke ¥ eonlest is 160 ppen the noxl e, B b i 14 pm
conlains A 7D ppm; and ihe tard one, (eom 14 10 28 e, oonlains

TAS0 ppre In only one inchesen (122) does N appear 1o be
hamapeneonily  dislribuled {240 ppm]) Thiz homageneons

distribution (which is sreslar 1o that of the Standed plass) andscalit
that the heteropencitics seem in the sther ghisses cannol be ardted
1 experimenial eonditions.  The distribation patlern o1 M secmd i
be diffarent for ench inclusion. Pecause the cofeentration is relabed
ba a mran-made plane, B must be of scoosdany oeigin and very likely
e 1o berss of M fros the surfoce, porhaps doring ssalyses. This
Behavior implies a highhe valatshe N spock, the matune of which is
wrkmenen.  Howvever. the. very dilferenl M contents in differcat
plassis point o a heterogereous apguisition wa 4 2ol phass,

i aprecaent with those reporied by Righier el af. (1997)
Sironivem, howover, has ks vasishle abundances.  All
inclustoss have high conlems ol Br (hatween S and =
G40 pren b cueep inclusica 125, The FhSr matie of the
glass of inchasions is nonchendric, hapghly vasiable. =nd
Faspes from D4 10 QZZE IEis pasitively. comelaied
with the lth consent and approaches tha chondritic vl
{0.29%5) im the mesd Bb-nch plaxs {2100 ppr, Table Sh
ke Bh camen ix roughly coreelated with the K contend
The EIRE i 15 alsd eemchondeibe, with b2 exocgrion
of the 1wa most Rherich glisscs that have chvonditse
IR mtios (245 and 234, respeciivelyl. We hetaeve thal
1hid essmed he a caincidence bt mathed 15 an indataton
for & chonditic mather than a fraciionated plaseiary
source of the trapped phases and the el msosised

with them.  (Mote: we wse " flokd” for 2 Jpsathicmnsty.
supereritical or gai phase and *liguid® for a highe=deossry
emarhile phoe |

| The faci that pramary inclusions hosted by a glven
Olfvisg kave 5o Riphly vanahle RESr mlicd gl That mee
ales independent of the inclucen P apgpesds thai

Fii T Comparios of the 2 spedtra of thy wandand plns arsl the gliss of & Uhasipny
chaion . Mo e differer
petiEm with rewpcl B Eal of

s thee ahlt Borredl bow erergy i the gl mdhmesn
il plasi
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Gilass=bearing inclusions im olivine ef the Chaasigny achoedeine

.,ﬁp.r.m.ﬂlmal vanasility af glassbearing s lhassons, the 1k of 2
JifFerential shrinkape hetween the ghss precursor and the host, aad
the ahicmes of cracks is the glass suppest nal only that olivings have
szemplod Belerogenenus phases i vanying proportions bul el s
frapping - could Rave happencd ab [airly low lempermtures that
prevested chemical homogeniztios of lhe plisses

The neahomapenoogs Flass Compoasinns indseate chemically
heferapeneomt  procuUrsines for 1he ples or mixdsg of procussor
cammponenli sharily Belore of during tragening. Thiz way also opens
the posibility Feg the oogxistenca al chemically equilitrated hos
olivines with - frosh, pondevitnified  plass and - meecdqul vbemted
pymoocnes.  Thos mew datd sURRD kv lempiratares prevailing
dusing thi hetenopenomes trapping mnd B, b Hkely moc-igneoas
gaigin fof The primany ghass-hearing inchusions in CRassigny olivine

. . The resalts of owr stedics of ghass-heanag inclusions in

Chassigny oliving Bave divect implicalions for the foemation of the
ot amd soppest that Chessipry likely e feamad al Soh-igneods
jemperatees, probably by aggegalion af precipitales from a fuid
(pas) phasc. There are i=dications [or o paismive, chondele-lice
source (e that Fluid ~ A late healimg evenl passibly hed 12 3
pediatribation of volatil speches, solfiening of the glass, amd sraciang
o thi cryssalting phases, mclssive of the host cliving,
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i o 1 mcimsesients and 82 the sl HLCToprohs boam [
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