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We were allocated samples of MACE8104 and MACR28105 for noble
gas, chemical and radionuclide analysis. Here we report the K concen-
trations relevant for the calculation of K-“?Ar ages of aliquot samples
analyzed for the noble gases. Furthermore, we measured by RNAA the
concentrations of Y, Zr, Ba, Hf, Taand W. In addition a suite of elements
was measured by INAA.

TaeLe 1. Concentrations of trace elements in lunar meteorites and in
an anorthositic breccia from Apollo 16 (ppm). Errors 1 o2 5-10%.

MACEE105,24
grain size Apollo 16
MACE8104,11 bulk sep. =149 pm Y26032.86 61016.3

K 257 857 & 184 (2)
Ba 39 45 - 41 (2)
HI 0.8 1.1 0.24 (1) 1.1 (2)
Ar 28 33 17 (1) 51 (2)
Ta 0.4 0.15 0.10 (1) 1.0 (3)
W 0.07 1.0 0.47 (1) 0.25 (3)
Y 7.4 10.6 4.6 (1) 44 (3)

Preliminary results are presented in Table 1 and compared with values
we obtained for the lunar meteorite Y-86032. We include also values
of an anorthositic sample of Apollo 16. :

Based on earlier chemical and mineralogical examinations the two
MacAlpine meteoriles were recognized 1o be paired (4, 5). Our values
for MACB8104 are very similar to the results found in the literature (6,
7). whereas our results for MACS8105 are distinctly different indicating
some heterogeneity of this meteorite. So far the MacAlpine samples
and Y-86032 are the lowest in incompatible elements from the lunar
meteorites investigated. This work was supporied by the Swiss National
Science Foundation. References: (1) Eugster O. et al. (1979) Proc. NIPR
Antarct. Meteorites 2, 3-14. (2) Hubbard N. J. et al. (1974) Froc. Lunar
Sci. Conf. 5th, 1227-1246. (3) Winke H. et al. (1974) Proc. Lunar Sci.
Conyf. 5th, 1307-1335. (4) Palme H. er al. (1990) Lunar Planet. Sci. 21,
930-931. {5) Lindstrom M. et al. (1990) Lunar Planet. 5ci. 21, 704-
705. (6) Koeberl C. er al. (1990) Lunar Planet. 5ci. 11, 6d5=046. (7)
Korotev R. L. et al. (1990) Lunar Planet. Sci. 21, 666667,

Trace-element compositions of Ca-rich chondrules from Allende: Rela-
tionships between refractory inclusions and ferromagnesian chon-
drules. David A. Kring and William V. Bovnton. Lunar and Planetary
Laboratory, University of Anizona, Tucson, AZ 85721, USA.

Refractory inclusions and ferromagnesian chondrules are a principal
source of information about the chemical and isotopic evolution of the
solar nebula. However, our interpretations of the chemical and isotopic
state of the solar nebula have been limited because we do not yet un-
derstand the relationship between these two groups of objects; it is not
even known if they formed in related events or whether a real discon-
tinuity exists between the processes that formed them. To investigate
the relationship between these objects, we have measured with neutron
activation techniques the trace-element compositions of Ca-rich Allende
chondrules, part of a group of chondrules which has previously been
shown 1o have bulk major element compositions spanning the gap be-
tween refractory inclusions and ferromagnesian chondrules, which is
refiected in an assemblage dominated by plagioclase or feldspathic me-
sostasis, Ca-pyroxene (including fassaite), olivine, and sometimes spinel
(Sheng er al., 1988; Kring and Holmén, 1988).

The REE in most of the chondrules examined are unfractionated,
similar 1o those in ferromagnesian chondrules. However, other chon-
drules contain highly fractionated REE, some of which have patterns
similar 1o volaulity-controlled Group 1l and ultra-refractory patierns
seen in refractory inclusions. In addition, one chondrule has posiuve

Ce, Eu, and Yb anomalies, forming an REE pattern unlike any we have
analyzed previously, but having some similarities to that of a Ca-nich
chondrule examined by Misawa and Nakamura (1988). The processes
needed to produce such a pattern are, for the moment, unclear, but may
be the result of a combination of crystal-chemical and volatility effects.
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The siderophile elements in these chondrules e alf :"{: u”:'--é' : ./ 16
ie:nd appear 10 have been affected by two processes: (1) Attt
ractionation preducing enrichments in those elements i metaliaiiate
as lithophiles (W, Fe, and Ga), as seen among Dhaiala {‘:{l also behave
drules (Boynton et al., 1990); and (2) volatilit ) 3) CA chon-

s y-contr s :
simular to that seen among refractory inclusio Ohed fractionation

(e.g., Bischoffand Palme, 1987) wherein the m;“’r and their comnnnents

- I st refractory sid '
(Ir, Os, W, and Re) are greatly enriched relative 10 mg:: vlulfaﬁ!l:h;:;s
erophiles (Ni, Co, Fe, Au, As, and Ga). No correlation wWas nbs:r'-:i:-l

between Au and As, indicating that they di :
single precursor component, in e iﬂnﬁf&;n},ﬁ#h“ caele
ferromagnesian chondrules (Rubin and Wasson, 1987). Thes h“mi £
mfd l:hcam t] here were several siderophile precursor n:nmpnr;ems -:' r‘:;:;,:i
ghjc é:lss:u ar nebula where material was melted to form moltln. A= aplet
Our :_.’tata_d;munslrmc that Ca-rich chondrules have trace-element
propertes similar 1o those of refractory inclusions and fe romagnesian
chondrules. In some cases the properties are mixed; e.g., the REE in a
chondrule may be indicative of ferromagnesian chondrules, but the
siderophile elements in the same object may be indicative of ;efmctnry
inclusions. The relauonship between refactory inclusions and ferro-
magnesian chondrules is thus complicated, however, it is clear that some
of the precursor components of these objects may have come from the
same reservoir, or from different and isolated reservoirs in which similar
processes occurred. References: Bischoff A. and Palme H. (1987) GCA
51, 2733. Boynton W. V. er al. (1990) GCA, submitted. Kring D. A.
and Holmén B. A. (1988) Mereoritics 23, 282, Misawa K. and Nakamura
N. (1988) GCA 52, 1699. Rubin A. E. and Wasson J. T. (1987) GCA
51, 1923. Sheng Y. J. er al. (1988) LPS 19, 1075.

Are igneous processes the only way to make differentiated meteorites?
G. Kurat. Mawrhistorisches Museum, A-1014 Vienna, Austria.

The non-chondntic or *fractionated™ meteories are widely beheved
to be of igneous origin. In addition to being fractionated many of them
are also brecciated. And this is generally considered to indicate an im-
pact origin at the surface of a fractionated planetesimal. Both beliefs do
not appear to rest on settled grounds and therefore deserve some re-
thinking.

Chemical fractionalions represented by the fractionated meteorites
are impressive at first glance. We find Ca-Al-rich basalis and pyroxe-
nites. dunites, Ca-poor pyroxenites, silicate-metal rocks, and metal rocks.
Compared with fractionations observed for components of chondnites,
the range of fractionated meteorite fractionations appears 10 be limited.
We are therefore faced with the paradoxical situation that rocks con-
taining chemically highly fractionated components (chondrules, aggre-
gates, inclusions, matnx, etc.)—the chondrites—are being considered
primitive because of their bulk composition and old age. On the other
hand, larger units (rocks) fractionated in a way similar 10 chondntic
components are considered secondary, €.8., fractionated by igneous pro-
cesses on a parent body. This is in spite of the fact that fractionated
meteorites have comparable old ages and indicators of pnmitiveness.
Couldn't it be that chondrite components and rocks we now call frac-
tionated meteorites experienced very similar (and apparently highly
efficient) fractionation processes early in the solar nebula? The major
difference between chondrites and differentiated meteorites could then
be the result of sampling: the former were able 10 collect all {or al ll;lﬂ'.’-l
all) of the fractionated matter from within a reservoir w!mr:asrthc EB:
happened to collect a non-representative sample, mainly 0 biﬂ:ngr
occasionally also of several kinds. Possible reasons for such a el
could lie in the different grain-sizes of chondrite and diﬂi:r;g:llﬁi iE:r
teorite components and m 1ir'l_1|irlE of ﬁ'—'ﬂl'#j':’:'ﬂ“ of larger bodies €

ggregation o of large crysidis. S 2
hy‘l?h: hr:cciamdrn:{ugt;nnfmﬂﬁ’ fractionated meteoriies, Iﬁ#:” E: i:gtnl':
a different angle, is actually a feature which should not 11}

surprise. Breccias indicate chaotic formation ““ﬁiﬁiﬁfémi"ﬂ*iiﬂ
the conditions we have o expect in a (urbwert Sr?'iaﬂ. Pﬁﬂ.'Ii-tivc feature

is manifested in almost all meteorites. Itisa pr e
of meteorites and there is no necessity for invoking secondary or LMt

rOCEsses. . 5 2
P The early solar nebula probably could provideall qnnadn;?];s :ha;;sds:i Y
1o fractionate matter in the way we Gan observe It rraute e
components and fractionated meteorites and 1o sepa
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ats from one another. Then what is the reason for molten  the cosmogenic component. Krypton composition was found to be
. 0 d

nal: _ mixture of cosmogenic and trapped gas, with :
A ogenic Kr (less than 0.6% for *Kr A e Xt
tal from the Chela (H4) chondrite. G. Kurat,! F. Brand- lﬂpt_:ﬂ. The relatively low abundance of the trapped componeat [151;«-
Mayr? and G. Hoinkes.! 'Naturhistorisches Museum, 00%to 80%) allowed a precise determination of the cusmggenickh??;
na Austria. ZVOEST-Alpine AG, A-4010 Linz, Austria, St Séverin core AlIL

* Graz. A-8010 Graz, Austna. ~ As demonstrated by Marti (2), concentrations of trapped Kr and Xe
i ; : ; o o in chm_uim:s are correlated with the chemical-petrology classification :
4} chondrite fell in 1988 1n the Kahama District, Tan-  according lo Van Schmus and Wood (3). They generally are much higher i
LA

, fairly normal equilibrated chondrite (Fa 17.2) except for  in type S or 4 chondrites than in the t ¢ 8t Séver; e |
This metal mainly forms large, highly irregular bodies, similar  the partitioning of the different mmpﬁms.l SErn TIOLIDe el
as been described by Perron ef al. (1989) from Forest Vale Recently (4), concentration and isotopic composition of Xe were
| Sainte Marguerite (H4) chondrites. It is also rich in silicate  alysed in Forest Vale (H %) samples using a precombustion 4 :30
se. olivine), phosphate and oxide (chromile, §i0,) inclusions of  +C in O,. For silicate separates and bulk samples signjﬁr.:ani g_.a:f
riahle sizes (< 1-20 gm). Inclusions either show patterns (strings,  (from 30% 10 50%) of a major trapped Xe Cnm{mncm ‘-‘-":Ir ..,.:'::;:;
s across the metal grain) or are irregularly distributed such 2510 during the combustion step. The measure e S Ipases
r 1o be “floating™ (compare Ramdohr, 1977). The highly irregular  called FVC (for Forest Vale Combustion) appeared 1o represery, tripped
| bodies are usually compositionally inhomogeneous. Th:_ major  gas reservoir, isotopically {iosinet from other boowd Xé coyttions
Sm consists of kamacite of constant and unusual composition (7 ‘uch as Kenna-type or solar-like Xe as observed e
Ni. 0.6% Co). Mostly included by this kamacite are grains ofaenite  Junar samples.
vhich can be of highly irregular (lobate) shape or form subh edral grains. In this work, a similar procedure is utilized for studying cosmogenic
g ins are compositionally zoned. Most commonly they have 3 Krand Xe concentrations in type 6 and 5 chondntes. A piece of about
_Ni taenite (9% Ni, 0.55% Co) whose Ni content gradually | g of each meteorile was cently crushed in a stainless steel moriar 10
rowards the surface, usually up 10 390% Ni, 0.3% Co. In some 3 grain size of approximately | mm to avoid Kr or Xe losses.
 cases (commonly associated with asymmetric zonming) the Ni content "\ fler a heating of the samples in vacuum 10 G T el days.
* reaches up 1o 30% Ni (0.2% Co) and occasionally up 10 43% (0.15%  a first pyrolysis at 450 °C removed most e T e et
- Co). Nickel and Co are anticorrelated (Fig.). Some compositional gaps  gases, This first lemperature sicp was followed by a second pyrolysis at
' appear to exist berween kamacie od taenite and between different 600 °C, by a combustion step At the same temperature under 15 torrs
 tacnite compositions. of oxygen pressure and finally by a complete melting of the samples at
~ Discussion and Conclusions. The Chela metal apparently has some 1750 °C.
" morphological similanty with " etals from Forest Vale (H4) and Sainte  The percentdges of the noble gases respectively extracted from the
~ Marguenite (H4) which both contain the isotopically disuncl FVM-Xe 00 °C pyrolysis, from the 600 °C combustion and from the 1750 °C
~ component recently discovered by Marti ef al. (1989). A search for that  siep relative 10 e total measured in the sample are 3%, 19%, 28% for
component in Chela metal 1s under way. _ | : Ky and 0.5%, 12.5%, 87% for " Xe.
The morphology of the Chela metal grains and their chemical zonality The rato of cosmogenic VKr 10 trapped PKr in these three fractions
suggest that they fill previous pore SPacs which was decorated by vapor- s respectively, 1.2, 0.1 4. 0.59, indicating a significant release of trapped
ited silicates. Deposition of metal into the pore space probably  gasesin the com bustion step as previously observed in Forest Vale. The
from the vapor. Only in this way it appears ' be possible 10 composition of the Xe released from this combustion step for St. Sévenn
the delicate silicate crystals and aggregates now included in the  agrees quite well with the FVC-Xe composilion.
mezal. The original composition of the metal must have been Ni-poor. Otherwise, the enrichment of the cosmogenic component of Kr ob-
Subsequent cooling apparently was fast which did not allow Fe-Miequil- rained in the 17350 °C step allows a precise determination of cosm ogenic
ibration but did allow Ni-Co redistribution. The Chela metal also in-  ratios. Using the ratio of cosmogenic VKr to PKr as shielding monitor
dicates a high mobility of Fe-Ni during the late SIZ8€ of chondrite for depth dependence of the VK production rate, an irradiation age of
formation. References: Marti K., Kim 1. S.. Lavielle B., Pellas P. and 40 Ma for Knyahinya c calculated from the calibration given by Eugsier
Perron C. (1989) 7. Naturforsch. 44a, 963. Perron C., Bourot-Denis M., (5). Reﬁ:rﬂnc:'ﬁ: (1) Lavielle B. and Marti K. (1988) Proceedings of LPSC
Pellas M., Marti K., Kim J. S. and Lavielle B. (1989) Lunar olanet, Se. 18, 55, (2) Marti K. (1967) Earth Planet. Sci. Lett 2. 193. (3) Van
20, 838. Ramdohr P. (1977) Chem. E rde 36, 263. Schmus W. R. and Wood J. A. (1967) Geochim. Cosmochim. Acta 31,
; 747. (4) Lavielle B, and Marti K. (1988) LPSC 19 (abstract), 667. (3)
Eugster O. (1988} Geochim. Cosmochim. Acta 52, 1649,
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I' l Redox history of metallic Fe-Ni in Renazzo and related chondrites- Min
080 | Sung Lee,* Alan E. Rubin and John T. Wasson. University of Cali-
e ] | fornia, Los Angeles, CA 90024, USA. _'Pcnnancnt address: Seoul
s Gso - E l National University, Seoul 131, Republic of Korea.
7 548 I: E_ | In equilibrated meteorites that have 1wo OF more metal phases, Co
o ; 1. | concentralions are high in the kamacite and N1 concentrations are h:ﬂ
2 620 - T S l in the taenite and letrataenite. As a result, plots of Co vs. NiIn the mhi:
) i show negative correlations. However, positive correlatons hﬂj:l Rai]:.
0/00 - _l reported for the primitive un pqupﬁ; u:?:rbnngumus cqmdmfximamlf
oo oo 30C 300 =00 500 and Renazzo (1, 2). The Co/Ni ratio in their metal 15 appr

i 1 i tional trend
i wi the same as that in bulk C1 chondrites (1)- This compos :
oy has been interpreted 10 be a nebular effect: e.8., after the condensation

d
e ic Fe-Mi, oxidation removed Fe (as FeO) and thereby enhance
e ety ?ILm I*?jaau;;lgnwgmmtiuns in_lh: residual metal. This is because Fe

is oxidized more readily than Ni or G ferent petrographic

Cosmogenic noble gases in St. Severl i ; | . chondrule rims, ma-
sy e g S St o Ko,y ol e s R 20
monoff. U.R.A. 451 of CN.R.S,,CEN.B G..Le Haut Vigneau33175 .4 additional light on ‘he redox history of pnm;u::“td s

GRADIGNAN CEDEX, France. '

ins are -:ﬂmpﬂsuic—nnil:f
In previous work (1), Kr measurements were carricd out ingram-size  grain edges are lower in

D s mchnie g Al o
- iy ‘ chon
samples of St. Séverin core AIIl in order 10 deiermine depth profile of  grain cores. In * ddition, metal grains in the Outer poruions o
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