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Introduction. An ever increasing number of meteorites, many from Antarctica, do not 
readily fit into the currently accepted meteorite classification. Among these are the "primitive 
achondrites" (I), consisting of silicate assemblages of roughly chondritic composition but achon- 
dritic texture. These include silicate inclusions in IAB and IIICD irons, the stony-iron lodranites, 
and stones similar to Winona and Acapulco. As part of a broader study of the "primitive achon- 
drites", we have conducted a study of the acapulcoites, including the new member of the group - 
Monument Draw. Previously described members include Acapulco (2), the paired meteorites ALH 
A77081(3,4), ALH A81261, and ALH A81315 (5), Yamato 74063 (6) and ALH A78230 (7). 
We tentatively suggest pairing of ALH A78230 with the other Allan Hills acapulcoites, based on 
proximity of find (8) and similarity of mineralogy (7), thus suggesting a total of four distinct falls 
among the acapulcoites. We conclude that acapulcoites are samples of a different parent body from 
those of the ordinary chondrites, and that they formed by indigenous heating of precursor chon- 
dritic material to temperatures which recrystallized the silicate component while partially melting 
and locally redistributing the metal, troilite and phosphates. 

Monument Draw. A single stone of 524.5 grams was recovered from Andrews County, 
Texas (32'30.2'N, 102"44,6'W) in 1985. It consists of olivine, orthopyroxene, chromian diop- 
side, plagioclase, Fe,Ni metal, troilite, whitlockite, chlorapatite and chromite. The gross texture of 
the rock is a fine-grained (I 1 mm grain size), equigranular mixture of these components cross-cut 
locally by numerous parallel micro-veinlets of Fe,Ni metal and troilite. Numerous 120" triple 
junctions are suggestive of recrystallization. A single relict chondrule of radiating pyroxene was 
found. Shock effects in silicates are negligible, as shown by sharp extinction of large olivines, 
consistent with shock stage S 1 (9). Compositions of olivines (Faloel * 0.2) and orthopyroxenes 
(F~10.6 * 0.4, W0i.7) are homogeneous. A single chromian diopside is Fs4.4W046.0. Fe,Ni metal 
and troilite have three distinct occurrences: mm-sized interstitial grains; veins ranging from cm- 
sized in hand sample to pm-sized in thin section; and pm-sized blebs enclosed in the centers of 
large olivines and pyroxenes. The rims of larger silicates, as well as entire smaller silicate grains, 
are essentially free of these inclusions. Phosphates occur predominantly as interstitial grains, but a 
5 mm long vein of whitlockite is also present. The bulk oxygen isotopic composition of an acid- 
washed sample of Monument Draw is alsO = 3.53, 6170 = 0.98. 

The acapulcoites. Textural, mineralogical, chemical and isotopic data on acapulcoites 
show that they are a remarkably coherent group. All consist of a "chondritic" assemblage of 
olivine, pyroxenes, plagioclase, Fe,Ni metal, troilite and phosphates. The typical texture consists 
of an equigranular mixture of these phase, and 120' triple junctions are common. Shock features 
are absent from silicates. Relict chondrules are present in both Monument Draw and Yamato 
74063 (6). The silicates are relatively homogeneous within each meteorite, with a small range of 
compositions between the various members of the group (Falo_ll). Fe,Ni metal and troilite occur 
as both interstitial grains and blebby inclusions in larger silicates. The micro-veinlets of Fe,Ni 
metal and troilite, which are prominent features of Monument Draw, seem to be a ubiquitous fea- 
ture of all acapulcoites. The oxygen isotopic composition of Monument Draw, Acapulco (10) and 
ALH A77081 (1 1) are very similar. Trapped noble gases are comparable to those in type 4 ordi- 
nary chondrites (2,4). REE are unfractionated (4) or light REE enriched (2). Age dating of 
acapulcoites suggests formation at around 4.5 Ga (2,12), with possible degassing at a later stage 
for some members. Estimates of equilibration temperatures range from ~ 1 0 0 0  to >12W°C (2,4). 
Cooling rate estimates at 6W°C are tens to hundreds of degrees C per million years (2), implying 
cooling in a significant volume of material. 
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Discussion. Origin of the Acapulcoites. Acapulcoites formed by m&ication of a chon- 
dritic parent body, either by melting or extreme solid-state recrystallization. Formation by crystal- 
lization of a total melt, as implied by the cumulus model of (13), is inconsistent with the presence 
of relict chondrules and the high abundance of trapped noble gases. If the melt had cooled slowly, 
gravitational segregation would have occurred and the resulting rock would not have chondritic 
abundances of Fe,Ni metal and troilite. Rapid cooling of an impact melt could prevent segregation 
of opaques, but is probably inconsistent with the acapulcoites' slow cooling. 

An origin of acapulcoites which involves partial melting seems plausible, although discrim- 
inating which phases have been melted, redistributed and recrystallized is not a trivial task. Partial 
melting at the Fe,Ni-FeS eutectic, as suggested by (14) from chemical data, is consistent with the 
ubiquitous veins of Fe,Ni metal and troilite found in all acapulcoites, as well as the phosphate vein 
in Monument Draw. We do not believe that partial melting of silicate phases occurred. Models 
invoking silicate partial melting, apart from having to prevent the loss of plagioclase by explosive 
volcanism (15) or  of Fe,Ni metal by gravitational settling, must explain an overly complex two 
stage history of silicate melting and recrystallization, with a second episode of melting of metal and 
troilite, as suggested by Fe,Ni and FeS veins cross-cutting all other phases. Some features of the 
silicates, such as the presence of blebs of Fe,Ni metal and troilite in the cores of large silicate 
grains, are igneous. We agree with (4) that these cores are the pre-existing grains that entrapped 
Fe,Ni metal and troilite while crystallizing in chondrules, and the opaque-free rims are 
metamorphic overgrowths. Extensive recrystallization also produced homogeneous silicate 
compositions and the equigranular textures. Although the exact temperature to which the 
acapulcoites were heated is uncertain, melting of Fe,Ni-FeS begins at 988OC and silicate melting at 
the enstatite-albite-quartz peritectic at 1062OC (IS), within the range of equilibration temperatures 
given for acapulcoites (2). We suggest that the heat source for producing Fe,Ni-FeS melt veins 
was indigenous rather than generated by impact, as indicated by the lack of shock features. This 
low-temperature melt was redistributed into micro-dikes, as predicted by (16), and bulk 
compositional differences among acapulcoites (6) in chalcophile, siderophile or REE elements are 
consistent with local redistribution of troilite, metal and phosphates, respectively. 

Relationship to other "primitive achondrites". Genetic relationships among "primitive 
achondrites" are complex. Oxygen isotopic compositions cluster into two distinct groups (17). 
Isotopic, rnineralogic and compositional data suggest that the acapulcoites and lodranites originated 
on one parent body, while the winonaites, and silicate inclusions in IAB and IIICD irons formed 
on a separate body. The acapulcoites apparently experienced a lower degree of partial melting than 
the other "primitive achondrites". Lodranites, except Yamato 8002, are depleted in plagioclase 
(18), indicative of igneous fractionation. They are also coarser grained than acapulcoites, perhaps 
as a result of grain growth in the presence of a silicate melt. Winonaites, while maintaining a 
chondritic mineralogy and bulk composition, exhibit textures which are distinctly igneous, such as 
the mm-sized orthopyroxene poikilitically enclosing olivine in Tierra Blanca (19). It is clear that 
the acapulcoites probably experienced the lowest degree of partial melting of any of the "primitive 
achondrites" and, probably, the lowest degree of partial melting possible in a chondritic system. 
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