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1. Introdu~tion: Iron meteorite groups IAB and IIICD [I-31 differ from the eleven other emups in 
several respects [4,5]: (a) Ni and trace elements in the metal phase show different fractionation pat- 
terns. Silicate inclusions= present in many members of p u p  IAB 16-91, and some of group IIICD 
(4,101; bulk compositions are generally primitive, and most authors consider them "chondriticn [11,12], 
although minor element fractionations have been found in some [12-141. Abundances of both lithophiles 
in the silicates [12] and siderophiles in the metal (151 are similar to CI chondrites, suggesting that the 
two components are cogenetic rather than the result of brecdation of unrelated materials. 

We present a new model for the formation of IAB and IIICD irons, based on the observation that 
metal compositions in IAB are consistent with an origin by cotectic (Fe,Ni)-FeS crystallization [161. The 
model relates the properties of IAB and IIICD irons to the thermal history of their parent body. 

2. Parent body differentiation: We propose that the chondritic source material was heated to above 
the-, but below the melting point of metal (-1780K). The maximum temperature 
reached was inferred to be 1450 K for inclusions in Campo del Cielo [12], probably <I400 K for other 
IAB inclusions. Application of various geothermometers to IAB silicates give equilibraiion temperatures 
of 1200 to 1600 K 171. A similar range of 1270 to 1510 K was given for Acapulco [17]. The higher val- 
ues are due to errors in the olivine-spinel geothermometer. These temperatures are close to or above 
the Fe-S eutectic, and indicate that, if the silicates were at one time part of a typical chondritic as- 
semblage, partial melting of the metal-sulfide fraction of this original assemblage must have occurred. It 
is therefore likely that the high temperature event recorded in the silicates is the same which produced 
the nearly S-saturated melt from which IAB irons are inferred to have formed [16]. 

Melting started probablv around 1230f20K. In parent bodies of low S content, the eutectic liquid may 
fist  migrate to grain junctions of silicate crystals inhibiting sepqa t ion  until partial melting of the sili- 
cates opens liquid channels along e n  edges. At the low degrees of partial melting required for this 
effect, solid silicates and silicate melt are essentially coupled by forces of interface energy, prohibiting 
extensive extrusion of partial melt. 

Few data exist on the first melt composition from chondritic silicates. Treating K as a trace element 
controlled by plagloclase partitioning (Dd.2 [18]), we predict 321% K 0 in the melt. Na cannot be simi- 
larly treated; compositional data on melt inclusions [19.20; our ob%ervationsl suggest Na 0 concen- 
trations in the melt similar to K 0. Since the MgO content of the melt is <5%. removal of eqen a small 
amount of liquid noticeably lower% the KlMg and NaIMg ratios of the residual solid. NaIMg ratios in IAB 
silicates (except Campo del Cielo and Carlton) are similar to CI chondrites, higher than in H group 
chondrites. Rare earth elements are regarded as more sensitive indicators of partial melting [12,14,211, 
but the interpretation of REE patterns in IAB silicates is complicated and ambiguous (see below). Be- 
cause the major element composition seems to indicate that the amount of silicate melt removed from typ- 
ical IAB inclusions was minimal, we conclude that if silicate melt w a s  originally present, it must have 
largely resolidified in situ . 

Observations on Landes silicate support this scenario. A TEM study ( W  . F.Mffller) revealed submicron 
size inclusions of tmilite and metal in some plagioclase grains, which we believe to be either mechanical- 
ly retained remnants of the sulfide liquid, or exsolution of a small amount of metal and sulflde which 
dissolved in the silicate liquid during segregation. A shock origin can be excluded, since no shock in- 
dicators are present. The high Ni content of this metal (43%)  is consistent with its origin from a S- 
bearing partial melt. The presence of K-feldspar (about ab7an20rgl) at the edqes of some plagioclase 
grains may also be the result of in situ resolidification. 

The composition of the sulfldemeltdepends on the temperature at which it segregated, and on how 
well i t  equilibrated with &dual metal at that tempeCBtU?et. A segregation temperatures100~ above the 
eutectic would lead to the observed melt behavior [16]. The fmcticm of metal remaining in the source 
region i s  NO%. The strong variations of partition cc~fficlents at high S contents of the melt r22.231 and 
the diseqdlibrium effects assodated with partition coeffldents differing from unity by a factor of 20 or 
more [MI,  make it difficult to model .the composition of the residual metal. Element distributions depend 
on partition coefficients, k , and S content of the melt (represented by or, the weight fraction of metal 
upon solidification) : elemeAs for which cYk<l (Ni, Cu, As) should be depleted in residual relative to 
unfractionated metal, elements with very high partition coefficients (Ir,  Ge, Gal should be enriched, 
and elements with -4 to 6 (Co, Au) should be relatively unchanged. Some inclusions show approxi- 
mately the expected pattern, while other observed fractionation patterns are somewhat erratic and dfffl- 
cult to interpret [12]. Microprobe analyses [7] confirm the generally low Ni content of metal within si- 
licate inclusions, supporting the notion that it is the residue of a partial melting event, and that the 
host metal formed from the melt generated in this event. 

Elements partitioning between silicate phase and sulflde melt, e.!?.. Cr and Mn, are slightly depleted 
in IAB silicates, more strongly depleted in Carlton [ l o ] .  Prior to segregation, about 113 to 112 of the 
Cr is present in silicates, mostly opx and cpx, and the remainder in chromite; most of the Mn is pre- 
sent in opx and olivine. Chromite readily dissolves in Fe,Ni-sulfide melts at moderate temperatures 
[24], and this may remove sufficient Cr from the silicate phase to account for the Cr depletion in IAB 
inclusions. Equilibration of silicates and melt is required to explain the depletion of Mn, and the large 
depletion factors of both C r  and Mn in Carlton silicates. Extraction of 50% of Cr from the silicates re- 
sults in Cr contents of the melt of 0 . 7 9 . 3 % .  An element strongly affected by silicate/metal partitioning 
during parent body differentiation is P [25-271. Presence of phosphides and redistribution of P in IAB 
irons indicate that a substantial fraction of P became reduced and entered the melt. The resorption of 
phosphates has major consequences for the distribution of rare earth elements (REE), which are highly 
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concentrated in phosphates. REE patterns have been claimed as evidence for significant igneous frac- 
tionation [211, however the displacement of BEE from their preferred sites makes their behavior quite 
unpredictable. Erratic fractionations around a ch~ndritic averaqe as indicated by a compilation of all 
REE data on IAB silicate inclusions [21] are consistent with this picture. 

3. Solidification: Further melt evolution depends on whether melting produced a single homogenous 
core or localized melt raisins. Although solidiflcation of most of the liquid would be by fracti~nal crys- 
tallization, small melt raisins would tend to homogenize during slow cooling, leaving no more composi- 
tional varhtion than that found within one large mass like Canyon Diablo [11,28]. This would leave few 
trace element correlations betweetn the large majority of IAB irons, although some systematic overall 
variaBdon in bulk coanpoeinons of the melt raisins might be preserved. The s-g spread in N i  values 
and other fractionations observed in groups IAB and ITICD would then be limited to (1) melt raisins 
!arw enough so that diffusional equilibration could not occur, and (2) to meteorites formed fmm melt 
'injected h t o  the surrounding silicates during fractional crystallization, and thereby isolated from con- 
tact with the rest of the liquid. Accessory silicates in troilite/gmpkite rnocLles (Odessa-type) may be 
dislodged fragments surrounding slowly cooling raisins; brecciated, silicate-rich inclusions (Copiapo- 
type) would form by injection of melt into the mantle, analogous to palladtes, except that in the m ~ r e  
thoroughly differentiated pallasite p m n t  body the silicate phase is a mantle mnsisting of an olivine 
lager, whereas in the IAB parent body it is the (nearly) unfrsctionated silicates sumlanding S-fich 
mdt. This would explain why Ni-rich IAB mbmbers are so rere, and why they are conmoniy Copiapo- 
?ype breccias. However, this scenario suffers from a serious problem: The composition of ihe iron 3ost 
In those breccias shoi:ld be that of the residual melt rather than rke crystallizing solid, which is not 
the case; e. g., Landes is texturally a Copiapo-type breccia [7,9],  but its low Ni and high. i r ,  Ge, and 
Ga i l l ]  correspond to early crystallizinq solid, not a melt composition. 

If most IAB iron8 formed by fractional crystallization along the Fe-Ni-S cotectic with little or no sub- 
sequent homogenization, we would expect the distribution of their chemical compositions lo be not luite 
as strongly skewed towards low Ni values as actually observed, an6 we have to postulate that Ni-rich 
IB (and IIICD) irons me underrepresented in our collections. Crystallization along the cotectic pro- 
duces w5X by weight (4OX by volume) as much troilite as metal, which may lead to lower fall and re- 
covery probabilities [29] . 

With falling T partly Ifthophile elements become oxidized when the melt comes in contact with sili- 
cates; e.g., C r  tends to precipitate as chromite nucleating on existing silicates. The amount of Cr 
precipitating as chromite compared to the amount remaining in solid solution in sulfide, as well as the 
extent to which chmmite can equilibrate with the silicates, depends largely on the subsequent cooling 
rate. Copiapo;type breccias. which apparently result from a sudden event, contain little chromite, and 
th@k t M t e  IS Cr-rich, whereas in Odessa-type inclusions mast Cr formed chromite, and Cr remair ng 
in the sulfide exsolved as daubreelite. Incomplete equilibration with silicates produces the Al-poor and 
Mn, Zn-rich chmmites typical for silicate inclusions. 

Phosphorus also suffers extensive redistribution. During fractional crystallization, P becomes strong- 
ly enriched in the residual melt; its lithophile tendency increases as temperature falls [26]. Conse- 
quently, if residual liquid is brought in contact with silicates, the P distribution is v e v  far from its 
equilibrium state. Fractionated, P-enriched melts correspond to Ni-rich meteorites, and we propose this 
effect to explain the presence of brianite and stanfieldite in San Cristobal (IB) [30] and Dayton (IIID). 

4. Classification: In view of their fractionation history, should IAB inclusions (Acapulco, etc. ) be 
regarded as "chondrites" [11,12] or nprimitive achondritesn [21]? We strongly dfacourage the latter 
term, because "achondriten generally refers to igneous rocks and breccias chiefly composed of igneous 
components (except metal). To broaden the definition of "achondriten to include all non-chondrites 
makes the term meaningless. It seems best to refer to them by a name like "winonaitesn [21], with the 
understanding that they can not be forced into the traditional scheme. 

We prefer to classify meteoritic material in three broad categories depending on the thermal history 
of its parent body: (1) primitive (i.e., chondrites), (2) partinily differentiated (e.g., winonaites) - 
partial melting and some segregation occurred, but most major mineral phases were not exhausted. (3) 
extensively (totally) differentiated (achondrites, "igr~eous" :mns, etc.) - total melting or only mono- 
mineralic restites. Some meteorites (e.g., Cumberland Falls) may be brecdas of materials from different 
categories. Shock-melted chondrites (Shaw, Rose City) may be regarded as intermediate between (1) 
and (2); the division between (2)  and (3) is somewhat arbitrary, but in our judgement useful. 
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