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     We used INAA to determine the bulk compositions of 
10 carbonaceous chondrites of uncertain classification. 
Most samples were analyzed in duplicates and the aver-
aged results are given in Table 1 and shown in Figs. 1 and 
2. Thin sections were examined microscopically. Mg- and 
Cr-normalized abundance patterns show clear identifica-
tions for four specimens (Fig. 1. The others have non-
indicative element distributions or plot between estab-
lished groups (Fig. 2). 
     Dar al Gani 055 (451g) and the probably paired speci-
men Dar al Gani 056 (703g) contain many mm-size 
chondrules with coarse-grained rims. Opaques consist 
mainly of metallic Fe-Ni and sulfide. The rock texturally 
resembles a reduced CV chondrite (e.g., Efremovka) ex-
cept that available thin sections of DaG 055 & 056 do not 
exhibit a petrofabric. The O-isotopic composition of DaG 
055 [1] lies within the CO field and near the CV field. 
The bulk compositions of DaG 055 and 056 are very simi-
lar, consistent with pairing. The CI- and Cr-normalized 
refractory lithophile element abundances in these rocks 
(1.39×CI) are in the CV-CK chondrite range (1.48 & 
1.34×CI, resp.). Siderophile and chalcophile abundances 
are CV like except for Os and Ir which are slightly ele-
vated. The meteorite can be considered as a reduced CV3 
chondrite.  
     PCA 91008 (51.7g) appears to be a moderately altered 
CM2 chondrite with forsteritic olivine (Fa1-2). Refractory 
lithophile abundances in PCA 91008 (1.22×CI) are con-
sistent with a CM classification (1.21×CI) as are the 
abundances of Fe, volatile siderophiles and chalcophiles. 
Refractory (Os, Ir) and some common (Ni, Co) sidero-
philes are low, probably due to weathering. Tonui et al. 
[2,3] concluded that this rock was thermally metamor-
phosed because of the absence of tochilinite and carbon-
ates, the textural integration of chondrules and matrix, and 
the high analytical totals of matrix serpentines. The loss 
of some mobile trace elements corresponds to metamor-
phic temperatures of 500-600˚C [2].  
     LEW 85311 (199.5g) appears to be a CM2 chondrite 
that experienced moderately low degrees of aqueous al-
teration. Metallic Fe-Ni constitutes ~2 vol.% of the rock 
and occurs both in chondrules and the matrix. Its 16O-rich 
composition [1] lies outside the main CM field, but is 
consistent with LEW 85311 being a CM that experienced 
low degrees of aqueous alteration. The abundances of 
refractory lithophiles (1.34×CI) are higher than CM; mod-
erately volatile lithophiles, refractory, common and vola-
tile siderophiles, and chalcophiles are in the CM range. 
     Hammadah al Hamra 073 (569g) is a very weathered 
type-4 carbonaceous chondrite. It contains equilibrated 
olivine (Fa17.6-18.2) and moderately equilibrated low-Ca 
pyroxene (Fs5.7-11.3). Weckwerth and Weber [4] suggested 
that HH073 is the third member of the Coolidge-

Loongana 001 (C-L) grouplet, even though the latter me-
teorites have more magnesian olivines (C: Fa13.4-13.8; L: 
Fa10.7-12.9 [5]). The O-isotopic composition of HH073 is 
within the CO field and lies close to a mass-fractionation 
line through Coolidge [1]; some of the differences in O 
isotopes may be attributable to the greater degree of 
weathering of HH073. This is also reflected by the ele-
vated Na and As. Refractory lithophile abundances in 
HH073 (1.59×CI) are higher than those in C-L (1.40×CI) 
or CV chondrites; HH073 also has higher abundances of 
siderophiles and chalcophiles than C-L or CV. We con-
clude that HH073 is probably related to C-L, but member-
ship in the grouplet cannot yet be established. 
     Sahara 00182 (70 g) has large chondrules with irregu-
lar rims; many chondrules have coarse metal grains in 
their interiors and at their edges. The CI- and Cr-norm- 
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Fig. 1 and 2: CI- and Cr-normalized 
abundance patterns of carbonaceous 
chondrites of uncertain classification. 
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alized refractory lithophile abundances (1.39 ×CI) are in 
the CV-CK range and higher than those in mean CR 
(1.01×CI) and CO (1.24×CI) chondrites. Although the 
volatile siderophiles Au and As are enriched in Sahara 
00182 relative to CR, Ga, Sb, Se and Zn are very low and 
closer to CR chondrites than to other major chondrite 
groups. The rock was classified as a primitive carbona-
ceous chondrite with affinities to CR and CV chondrites 
[6]. Although the chondrules most closely resemble those 
in CR chondrites, Smith et al. [6] reported no phyllosili-
cates in the matrix. The bulk O-isotopic composition lies 
near the CO field and above the CV field. We therefore 
classify Sahara 00182 an ungrouped carbonaceous chon-
drite.  
     EET 90043 (12.5g) was initially classified as a C2 
chondrite as it contains some phyllosilicates (M.E. Zolen-
sky, pers. comm., 2006). It is a highly unequilibrated rock 
(Fa1-49) containing chondrules averaging 170±90 µm in 
apparent diameter (n=71). A few porphyritic olivine 
chondrules possess clear, colorless glassy mesostases. The 
rock is moderately weathered and most metallic Fe-Ni has 
been transformed into limonite. It most closely resembles 
the CO3-like chondrite DOM 03238. Despite the unequi-
librated nature and the presence of chondrule glass in 
EET 90043, Tonui et al. [2] suggested that the rock was 
heated sufficiently to lose some mobile trace elements and 
undergo partial dehydration. The CI- and Cr-normalized 
refractory lithophile abundances in EET 90043 (1.40×CI) 
are in the CV-CK-chondrite range and are appreciably 
higher than those in mean CO, CM or CR chondrites. 
Common and volatile siderophiles and chalcophiles are 
most similar to those in CO chondrites except for low Ni 
and Co (presumably due to extensive weathering). On the 
basis of the available data, we suggest that this rock be 
classified as a type-3 ungrouped carbonaceous chondrite.  
     QUE 99038 (52.7g) is an aqueously altered C2 chon-
drite, but it is not a CM chondrite as originally classified. 
Chondrules in the rock average 640±350µm in apparent 
diameter (n=61); this is much larger than the average 
chondrule apparent diameter in CM chondrites (270 µm) 
and similar to that in CR chondrites (700 µm) [7]. How-
ever, CR chondrites contain abundant metallic Fe-Ni; 
metal is present as coarse grains at the margins of many 
CR porphyritic chondrules. In contrast, chondrules in 
QUE 99038 contain little metal; coarse metal grains at 
chondrule margins are completely absent. Olivine in QUE 
99038 ranges from Fa1-39, but most grains are forsteritic 
(Fa0-3). Refractory lithophiles (1.26×CI) are near the CO-
chondrite range, but volatile siderophiles are depleted 
relative to mean CO and are closest to CR. Selenium and 
Zn are enriched relative to CR. We classify QUE 99038 
as a type-2 ungrouped carbonaceous chondrite.  
     Dar al Gani 978 (44.4g) contains numerous mm-size 
chondrules, many with thick irregular rims; the mean 
chondrule size (670±510µm; n=60) is similar to that of 
CR (700µm) and much larger than those of CM (270µm) 
or CO (150µm) chondrites [7]. DaG 978 contains ~3 
vol.% metal, much of it within chondrules; a few chon-

drules contain large metal blebs near their margins as in 
CR chondrites. However, olivine in DaG 978 is much 
more ferroan (Fa17.4-31.8) than in CR chondrites. The re-
fractory lithophile abundances (1.19×CI) scatter some-
what, but appear to be mainly in the CO-CM range; vola-
tile siderophiles and Se are below those in mean CO and 
CM and are most similar to CR.  DaG 978 is a type-3 
ungrouped carbonaceous chondrite.  
     NWA 1152 (98g) was not available in thin section. 
Smith et al. [6] reported that chondrule mafic silicates are 
mainly magnesian (Fa1.2; Fs2.3), the matrix contains sul-
fide, magnetite and Ni-rich metal, and CAIs are rare (0.3 
vol.%). No phyllosilicates were observed. The bulk O-
isotopic composition lies within the CV field. Mean REE 
(1.45×CI) and most siderophiles and chalcophiles are in 
the CV range. The bulk chemical composition resembles 
that of a CV chondrite that lost metal due to weathering.  
Smith et al. described NWA 1152 as having both CV and 
CR affinities, but the O-isotopic and bulk chemical com-
positions lead us to classify it tentatively as CV-an. 
     Conclusions. Based on the new and literature data, we 
recommend the following classifications: DaG 055 & 056 
(reduced CV3); PCA 91008 (CM2); LEW 85311 (CM2); 
HaH 073 (C4, perhaps related to Coolidge-Loongana 001 
grouplet); Sahara 00182 (ungrouped); EET 90043 (type-3 
ungrouped); QUE 99038 (type-2 ungrouped); DaG 978 
(type-3 ungrouped); NWA 1152 (CV-an).  
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2089-2104. [2] Tonui E.K. et al. (2002) LPS XXXIII, ab-
stract#1288. [3] Tonui E. et al. (2001) MAPS 36, A207. [4] 
Weckwerth G. and Weber D. (1998) LPS XXIX, ab-
stract#1739. [5] Kallemeyn G.W. and Rubin A.E. (1995) 
Meteoritics 30, 20-27. [6] Smith C.L. et al. (2004) MAPS 39, 
2009-2032. [7] Rubin A.E. (2000) Earth-Sci. Rev. 50, 3-27. 
 

Tab. 1 Bulk compositions of studied chondrites – results of INAA. 
 

 

All data averaged of duplicate analysis except EET90043, DaG055 & 
NWA1152. ‡ … loss of metal in one duplicate, higher value presented. 
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