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Introduction: Oxygen isotope ratios of magnetite
in primitive meteorites reflect the compositions of the
fluids in asteroidal bodies [1-6]. The A'’O (= 5'70O-
0.52x 3'*0) values of the magnetite are always higher
than those of the bulk meteorites and represent mini-
mum A'’O values of the initial '*O-poor aqueous fluids
in the parent body. Xenoliths of chondritic materials in
meteoritic breccias provide samples of additional prim-
itive materials not sampled as whole meteorites [7],
whose magnetites can also be studied to increase
knowledge of volatiles in the early solar system. Re-
cently, we established SIMS analytical protocols to
analyze small magnetite grains in Cl-like clasts in the
Dar al Gani (DaG) 165 polymict ureilite [8]. These
magnetites show A'’O values of ~+5%o, which are sig-
nificantly higher than those of magnetite in CV, CO,
CR or CM ~0%o [2-6]), but similar to those in Semar-
kona LL3.0 (+5%o [1]). Here we determine oxygen
isotope ratios of magnetites in CC-like lithologies in
the Almahata Sitta (AhS) and Northwest Africa
(NWA) 10657 polymict ureilites.

Methods: Oxygen three-isotope analyses of mag-
netite in CC clasts were performed using the
WiscSIMS IMS 1280 with analytical protocols similar
those used for cometary particle analyses [9]. For
magnetite grains smaller than 10 pm, we made 1 pm
square “FIB marks” at the locations of SIMS analyses
[9]. In order to minimize crystal orientation effect on
magnetite analyses, impact energy of primary ions was
reduced to 13 keV by using 3 kV accelerating voltage
for Cs ion source and —10 kV applied to the sample
surface [10]. The primary beam was set to 5 pA with
2x1 pm size and the secondary '°O intensity was
~5x10° cps. A single analysis took 12 min. The exter-
nal reproducibilities of 51%0, 870, and A0 of mag-
netite standard (magnetite 5830 [10]) were ~2 %o. The
tailing of '°OH signals to 7O mass was ~10 ppm of the
"®OH signals, which resulted in 0.2-0.5%o corrections
in 8’0 for standards and unknown magnetite analyses
mounted in epoxy, while corrections were <0.1%o for
those in polished thin sections. All '®OH corrections
were small compared to the analytical uncertainties.

Mineralogy and petrology of the clasts were deter-
mined by SEM, EMPA and FIB/TEM at ARES, JSC.

Mineralogy: AhS 202 is a magnetite-rich (>10%)
C2 unlike any known CC [11]. It consists of partially
altered olivine-pyroxene chondrules (Fo 68+0.7; mg#
84-92, Wo 21-44) in a matrix of serpentine plus poorly

crystallized saponite. The serpentine is more magne-
sian (mg# ~0.88-0.93) than in CI or CM or other clasts
studied here (Fig. 1). Magnetite occurs in chondrules
and matrix in a variety of morphologies (Fig. 2a,b).
Magnetite compositions do not match those in CI, CK,
CV or CR (Fig. 3) and are distinct from those of mag-
netites in all other CC lithologies we have studied in
polymict ureilites [8,12,13], which are like those in CI.
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Fig. 1. Ternary compositions of phyllosilicates comparing
CC-like clasts in AhS and NWA 10657 with CM and CI
chondrites. Data for AhS 91A, 671 and chondrites from [13].
= 5 ey T

Fig. 2. (a) AhS 202. BEL Rim of magnetite (mgt) and po
sulfide (sulf) surrounding pyroxene (px)-rich chondrule part-
ly altered to phyllosilicates (phy). (b) AhS 202. SEI. Magnet-
ite in matrix. (c) AhS 91A. BEIL. Magnetite rimmed with
fayalitic (fay) olivine. (d) NWA 10657 clast 19. BEIL. Mag-
netite framboids and larger grains.
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The other CC lithologies in this study all consist of
hydrous CC matrix with no chondrules. AhS 91A and
AhS 671 are dominated by C1 material that is mineral-
ogically similar to CI but has oxygen and Cr isotope
compositions unlike any known CC [12,13,17]. NWA
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10657 clast 19 is one of several clasts in NWA 10657
with some mineralogic features like CM2, but abun-
dant magnetite like CI1 [12]. NWA 10657 clasts 5, 26
(and the DaG 165 clasts [8]) are more Cl-like, but dif-

fer in mineral modes and compositions.
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Fig. 3. Compositions of magnetite in CC-like lithologies

from AhS, NWA 10657, and DaG 165 polymict ureilites
compared with those in known CC. CC data from [14-16].

Oxygen Isotope Results: We obtained 26 magnet-
ite analyses from 7 different clasts from AhS and
NWA 10657. Results are shown in Fig. 4. Except for
AhS 202, all data from this work plot above the terres-
trial fractionation line (TFL) trending parallel to PCM
and CCAM lines [18,19] with A0 from 2%o to 5%o,
very similar to CC clasts in the DaG 165 polymict
ureilite [8]. The magnetites in AhS 91A and AhS 671
show higher A'’O than their respective bulk samples
(Fig. 4). Data for magnetites in AhS 202 are below
TFL with A0 value of —2.1+1.1%o (2SD, n=8), which
is similar to that of bulk AhS 202 (-1.73%o. [12,13]).

Discussion: Magnetite in CC lithologies from AhS
91A and 671 show a similar range of oxygen isotope
ratios to those in CC-like clasts in typical polymict
ureilites NWA 10657 and DaG 165. These data sup-
port the idea that AhS and typical polymict ureilites
contain similar xenolithic materials and are derived
from the same body [12,20]. Excluding AhS 202, a
linear regression of magnetite data from six CC clasts
in AhS and NWA 10657 gives slope 0.87+0.09, which
is close to unity. The result that all these magnetites
form a single, nearly slope-1 trend, despite the differ-
ing mineralogies of the clasts, suggests that they all
experienced aqueous alteration by a similar initial fluid
(not necessarily on the same parent body). This fluid
appears to have differed isotopically from the fluids
that acted on known CC parent bodies [2-6].

AhS 202 is distinct from all other CC clasts in
polymict ureilites studied so far and unique compared
with known CC. The A'’O value of its magnetites is
within the range of those in some CM1 [5] and CK3
[6]. Its magnetites are plausibly on a slope ~1/2 mass

fractionation line with its bulk composition (Fig. 4). If
the magnetites in AhS 202 formed by aqueous altera-
tion, this could mean that the fluid had similar A”O to
the bulk rock. Oxygen isotope analyses of olivine and
pyroxene in AhS 202 may shed light on the petrogene-

sis and possible affiliation of this lithology.
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Fig. 4. Oxygen isotope ratios of magnetites in CC clasts from

AhS, NWA 10657, and DaG 165 polymict ureilites. DaG 165
data from [8]. Stars = bulk analyses of AhS samples [12,13].

Conclusions: Magnetites in a variety of CC-like li-
thologies in polymict ureilites have A'’O from +2%o to
+5%o. These isotope signatures are distinct from those
of known CCs and suggest that materials from unsam-
pled CC-like bodies were incorporated into ureilitic
breccias. Knowledge of volatile-rich materials in the
early solar system can be significantly expanded by
studying CC-like clasts in meteoritic breccias.
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