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Introduction: The metal-rich (>20 vol% Fe,Ni-

metal) carbonaceous chondrites include CH chondrites, 

CB chondrites [e.g. 1-3] and the Isheyevo CH/CBb 

chondrite [4]. The CB chondrites are rare and divided 

into two subgroups based on their petrologic character-

istics:  CBa (e.g., Bencubbin, Weatherford, Gujba) and 

CBb  (e.g., Hammadah al Hamra (HH) 237 and Queen 

Alexandra Range (QUE) 94411/94627) (e. g. [5]. A 

recently described chondrite, Quebrada Chimborazo 

(QC) 001 is similar to CBa but unusual in containing 

shock melt and high pressure mineral phases [6]. Foun-

tain Hills (FH) is closely related with CBa meteorites 

but distinct from the other CB chondrites [7]. FH con-

tains 23 vol.% metal, significantly lower than other 

members of this class, it contains porphyritic chon-

drules, which are extremely rare in other CBa chon-

drites.  

Here we report new data on mineral chemistry, ox-

ygen isotopic composition and bulk trace element 

chemistry of metal and silicate phases of SG 013 and 

discuss their origin. Preliminary results on SG 013 

were represented by [8].  

Results and discussion: SG 013 is a CBa chondrite 

based on mineral chemistry and oxygen isotopic com-

position [8]. The meteorite is represented by two li-

thologies – Lithology (1) consisting of large metal 

nodules (~80%) and silicate chondrule-like clasts 

~20%), and Lithology (2) which represents non-

chondritic material with less metal (~40%) and sili-

cates: olivine, low-Ca pyroxene, Ca-pyroxene, chro-

mite embedded in anorthite glass and intersected by 

fractures filled with Fe,Ni-metal. Chondrule-like ob-

jects in Lithology (1) have POP and BO texture. Typi-

cal for CBa CC and SO chondrules are absent. Litholo-

gy (2) does not contain any chondrules, sulfides and 

schreibersite while Lithology (1) contains sulfides in-

cluding V-rich daubréelite, brezinaite and even an un-

known V-sulfide [8].  

The chondrule-like objects from Lithology (1) con-

tain olivine (Fa2-4), low-Ca pyroxene (Fs3.2 Wo1.4), 

anorthite (An96 Ab4.0), chromite, and a glass of Ca-

pyroxene (diopside) and anorthite composition. Inter-

esting to note that in both lithologies CaO and Cr2O3 

contents in olivine are very low (0.03 ± 0.01 and 0.25 

± 0.14 wt%) in comparison with those of olivine from 

other bencubbinites [1]; MnO content is the same 

(0.16±0.01 wt%), and close to MnO content in olivine 

from the G chondrites, SG 013, NWA 5492 and GRO 

95551 [8-9]. Ca-pyroxene in Lithology (2) is stoichio-

metric diopside (Fs1.7 Wo45.4). Anorthitic glass and 

chromite are similar in composition in both lithologies.  

Oxygen isotopic compositions of Lithology (1) are 

in the range of CBs (‰) (17O -1.889, -1.900; 18O 

0.65, 0.59; 17O  -2.226, -2.206). Oxygen isotope 

composition of Lithology (2) (17O  0.095, 0.073; 18O 

3.094.65, 3.052; 17O  - 1.514 ‰) is different from 

that of Lithology (1) and located along the CH-CB 

trend line, to the 18O-rich end of the three-isotopes ox-

ygen diagram. 

The metal clasts from Lithology (1) show a range 

of igneous compositions from Clast #6 that is enriched 

in compatible elements (Fig.1) to Clast #1 that is 

strongly depleted in compatible elements (Fig. 2). The 

metal grains from Lithology (2) show a surprisingly 

large range of compatible element variability with one 

group (Fig. 3, average 1) having a flat chondritic pat-

tern and the other group (Fig. 4, average 2) having a 

depleted pattern. 

In contrast to the siderophile elements pattern, the 

silicate grains in Lithology (2) show a flat chondritic 

REE pattern as found both for the bulk raster and for 

individual grains (Fig. 5). A few analyses turned up 

individual minerals, particularly olivine. 

The silicate clasts in Lithology (1) are a very di-

verse group, judging just by their REE patterns. Some 

are LREE-depleted (Fig. 6), some are flat chondritic 

(Fig. 7) and others are LREE-enriched with sloping 

patterns (Fig. 8) reminiscent of Hawaiian basalts that 

form by partial melting of garnet-bearing sources. To 

see this better, we have included a Hawaiian basalt, 

BHVO-2g from Kilauea, that we divided by 5 to bring 

on the same scale as the SG 013 silicate clasts. Clasts 

#5-#6 are almost identical to this BHVO-2g pattern. 

None of the REE patterns of Gujba CBa [10] share this 

feature, while the LREE-depleted pattern in Clast #8 is 

similar to that of 3-27b from Gujba. A plot of La (nor-

malized to CI) vs. (Gd/Yb) normalized to CI clearly 

shows that there is a correlation between LREE-

enrichment and that sloping REE pattern in all the SG 

013 silicate clasts.  

All the silicate clasts exhibit positive Ce anomalies 

that is an indication of condensation from a vapor-
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formed by evaporating silicates under oxidizing condi-

tions. Some of the clasts also have negative Yb anoma-

lies. 

       Conclusions:  Although, based on the mineral 

chemistry and oxygen isotopes SG 013 is CBa chon-

drite, it is different from other CBa chondrites in having 

the presence of two lithologies, symplectites in BO 

chondrules [8], in olivine and sulfide compositions and 

bulk chemistry of metal and silicate objects. Similar to 

other CB chondrites, formation of SG 013 may be ex-

plained by collision of planetesimals creating a hot 

plume, followed by evaporation and re-condensation of 

early differentiated material [11].  Subsequently, shock 

events in the parent asteroid resulted in formation of 

impact melted Lithology (2). This work was support-

ed by the RFBR grant  (# 20-5-00117A). 
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Fig.1. Metal, clast #6, lithology (1)       Fig. 2. Metal, clast #1, lithology (1)  Fig. 3. Metal, average 1, lithology (2). 

 

 
Fig. 4. Metal, average 2, lithology (2).     Fig. 5. Silicates, lithology (2). 

 

 
 

Fig. 6. Silicates, clast #10, lithology (1). Fig. 7. Silicates, clast #11, lithology (1). Fig. 8. Silicate, clast #6, lithology 

(1). 
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