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A TRIO OF METEORITIC DUNITES, AND NEW DATA FOR SHERGOTTY 
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Until recently, there were thought t o  be two types of meteoritic dunites: 
ureilites and "chassignites" (Chassigny and Brachina). Chassigny (henceforward CH) is 
now suspected t o  be from Mars Ell. Brachina (henceforward BR), despite i ts  many 
similarities to  CH, is no longer considered to  be from the same parent body 121. We 
report here on three dunitic samples recently discovered in Antarctica, all of which 
have been likened, during preliminary petrographic studies, to B R  k CH. W e  also report 
new bulk-rock data for suspected Mars-rock Shergotty. Bulk-rock analyses (mostly 
determined by INAA) are  shown in the Table, along with literature averages for B R  
13,21, CH (9 references cited by Treiman e t  al. C411, and 15 ureilites (references too 
numerous to  cite here, but virtually all cited by Graham e t  al. 151). 

ALH84025. Like both B R  and CH, this 4.6 g stone is preponderantly olivine, with 
augite as the second most abundant mafic silicate 161. Another similarity among these 
three meteorites is in their mg ratios (0.64 for both ALH84025 and B R ,  0.675 for CHI. 
Prinz et aL 171 argued thattexturally and mineralogically ALH84025 resembles B R  more 
than i t  does CH. In the thin section they studied, Prinz e t  al. 171 found no augite, 
and observed the predominant grain size t o  be "similar t o  that of Brachina" and signif- 
icantly fber  than in CH. However, the 40 mm2 thin section that we studied (ALH84025,7) 
contains several percent augite, and mass balance for Ca suggests that the "chip" we 
analyzed (Table) contained roughly 10 wt% augite. Also, ALH84025,7 has olivines up to  
2.7 mm across. Apparently olivines in ALH84025 are comparable in size to olivines in 
CH (e.g., "1 to 1.5 rnm" 111); and much coarser than olivines in BR ("0.1-0.3 mrn; some 
grains up to  0.9 mm" 121). In some respects the bulk composition of ALH84025 (Table) 
shows a closer resemblance to CH than to BR: e.g., both ALH84025 and CH have far lower 
contents of Al, Na, and K (the extreme A1 content reflects the absence of plagioclase 
[61; in contrast, BR contains about 10 vol% [21). However, in other important respects 
ALH84025 resembles BR more closely than CH: The ALH84025 FeIMn ratio (99) compares with 
79 for B R  and 51 for CH. Note, however, that Chassigny has a considerably higher FeIkIn 
ratio than i ts  putative relative Shergotty, and literature analyses of Fe/Mn for 
Chassigny range from 37 to  113 (references in 141). ALH84025 also more closely 
resembles BR in terms of Ga/A1 ratio (much higher than in CH), Sc content (higher than 
in CHI, Cr content (lower than in CH), and perhaps most important of all, contents of 
trace siderophile elements (Co, Ni, Os ,  Ir and Au) consistently far  higher than in CH. 

In some respects, ALH84025 bears little resemblance to either BR or CH. ALH84025 
has far  lower contents of light R E E ,  and also shows a small (barely significant) 
positive Eu anomaly, which neither BR nor CH has. W e  interpret the texture and bulk 
composition (low REE, Al, etc.) of ALH84025 to reflect an origin as an igneous cumu- 
late, a t  least analogous t o  the putative Mars-rock CH, and possibly even related t o  it, 
although as suggested earlier 171 a genetic link to  B R  appears more likely. 

EET83309. In a preliminary description of EET83309, Mason 181 reported a general 
resemblance t o  ureilites, but considered EET83309 to  be "distinctly different1' as i t  
has considerable plagioclase, relatively little FeNi and FeS, graphite occuring as 
"discrete areas," and even one small clast that "appears to  be a fragment of a barred 
olivine chondrule." The thin section that we studied looks more like a typical 
ureilite, and does not appear to contain any chondrule-like objects. Our analysis 
(Table) shows a fairly typical ureilite composition. The main discrepancies between 
EET83309 and the average ureilite composition involve elements (e.g., Na) that tend to  
scatter widely among ureilite analyses (even among analyses of a single meteorite), due 
to  sample heterogeneities. By ureilite standards, E ET8 330 9 is uncommonly rich in R E E, 
especially middle REE; the data even show a m a r m y  sigmficant positive Eu anomaly. 
Most ureilites have strongly negative Eu anomalies [9]. The only ureilite that has 
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higher REE than EET83309, Nilpena [lo], also resembles EET83309 (as described by Mason 
181) in t h a t  Jaques and Fitzgerald 1101 found diverse chondritic "enclaves" in Nilpena. 
Our d a t a  for  0s and Ru (Ru is not  shown i n  the  Table: resul ts  a r e  440rt90 and 360k70 
ng/g) are t h e  f i r s t  determinations of these  elements  in  a ureilite.  These and t h e  o ther  
siderophile d a t a  suggest  a s t rong correlat ion between volat i l i ty  (in a solar  nebula 
se t t ing)  and depletion f a c t o r  re la t ive  t o  chondrites. 

Y75097 clast. L6 chondrite Y75097 contains a 2.5 cm clast that a t  least superfici- -- 
ally resembles BR E l l ] .  Prinz et al. 1121 repor t  finding a re l ic t  barred olivine 
chondrule (BOC) within t h e  clast, and suggest  t ha t  t h e  c las t  is r e l a t ed  t o  H-chondritic 
BOCs. Nakamm et al. 1131 report REE data for the clast showing a V-shaped pattern, 
with La = 1 X chondrites, Sm = 0.02 X, Eu = 2 X,  and  Lu = 0.2 X. Our sample's REE 
pa t t e rn  is quali tat ively similar, although Sm is less extremely depleted (0.1 XI.  
Minor element data suggest that our sample came from the Ca-poor, Cr-rich mantle of the 
inclusion 1111. The low REE contents  a r e  part icularly impressive in view of t h e  high 
whitlockite content ,  which i n  t h e  co re  of t h e  clast is 9.9 vol% 1111. The clast is no t  
as depleted in t h e  r e f r ac to ry  siderophile elements  0s and Ir,  which along with o the r  
evidence suggests  t h a t  it represents  a cumulate from a small-scale impact  melt  t h a t  
underwent  relat ively little fract ionat ion during crystallization. Most meteori t ic  cumu- 
lates probably formed in relatively low-9 environments. The extremely low (compared to  
BR, ALH84025, Y75097c, and all ureilites) siderophile contents of both CH and Shergotty 
may part ly r e f l ec t  t h e  degree  t o  which ext reme crystal/liquid fract ionat ion generally 
requires t h e  fo rce  of gravi ty  t o  induce se t t l ing  of cumulus crystals  out  of t he  melt. 

References: 111 H. Y. McSween, Jr. (1985) Rev. Geophys. 23, 391-416. C21 C. E. 
Nehru et al. (1983) PLPSC 1 4 ,  B237-B244. [3]  J. E. Johnson et al. (1977) Rec. S. Aust. 
Mus. 17, 309-319. C41 A. H. Treiman et al. (1986) GCA 50, 1061-1070. 151 A. L. Graham 
et al. (1985) Catalogue of Meteorites, U. Arizona Press. 161 G. J. MacPherson (1985) 
Antarct.. Newslett. 8 (2), p. 8. 171 M. Prinz et al. (1986) LPS XVII, 679-680. 181 B. 
Mason [ I9861 Antarct.  Newslett. 9 ( I ) ,  p. 15. [91 W. V. Boynton et al. (1976) GCA 40, 
1439-1447. 1101 A. L. Jaques and M. J. Fitzgerald (1982) GCA 46, 893-900. [Ill K. Yanai 
et al. (1983) Proc. Sym. Ant. Met. 8, 29-35. 1121 M. Prinz et al. (1984) Meteoritics 
19, 292-293. [ I 3 1  N. Nakamura et al. (1984) Meteoritics 19, 278-279. 

Table. Data in mg/g (Na, Mg, Al, Si, Ca and Fe), pg/g (K, Sc - Gal, and ng/g (others). 

N a  Mg A1 Si K Ca Sc V Cr 
Shergotty 10.0 59 34 - 1480 63 53 290 1330 
ALH84025,15 0.51 190 (2 170 <40 18 13.6 - 3940 
EeT83309,lO 1.45 210 3.7 - 238 8.1 7.8 94 4850 

1.01 - - - 154 9.6 8.2 - 5300 
Y75097,102 8.8 210 (20 186 700 3.6 2.5 - 7100 
Avg. Brachina 5.0 162 11 178 510 15.4 10.1 83 4240 
Avg. Qlassigny 0.93 192 3.4 175 280 6.3 5.9 42 5100 
Avg. U r e i l i t e  0.50 214 2.9 186 290 9.1 7.3 89 4900 

N i  Zn Ga Br La 9n Eu Yb Lu 0s I r Au 

Shergotty 80 54 16.7 ** 1990 1270 560 1480 230 ** 0.07 0.97 
ALH84025,15 5100 164 2.1 330 65 34 33*9 100 16 250 123 6 1 
EET83309,lO 1670 284 3.0 220 185 62 30 76 14 270 249 32 

1820 300 2.7 120 130 46 23 80 14 280 270 44 
Y75097,lOZ 302 98 5.9 - 82 19 130 39 12 90 70 2.9 
Avg.Brachina 2700 313 7.6 490 520 220 77 210 53 - 123 14 
Avg. Chassigny 452 72 0.7 90 530 137 45 107 15 1.4 2.1 0.8 
Avg. U r e i l i t e  1440 198 2.5 71 136 24 3.5 40 9 - 3 20 3 1 

** T r e h  et al. 141 repor t  Shergotty has 1060 ng/g Br and (0.0023 ng/g 0s. 
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