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Introduction: Fayalites are key components of the
Bali-like oxidized subgroup of CV3 carbonaceous
chondrites (CV3o4s) [1,2]. They occur as grains or
veins in chondrules and matrix, commonly coexisting
with troilite and/or magnetite. Although both nebular
or asteroidal origins for CV3o.s fayalites have been
proposed [e.g., 2,3], mineralogy and oxygen isotopic
studies suggest that fayalites formed in CV3,,g astero-
id at low temperature (<300°C) during aqueous or hy-
drothermal alteration rather than nebula origin [4-6].
Recently, fayalites were also found in clasts in the Vi-
garano meteorite, classified in the reduced subgroup of
CV3 carbonaceous chondrites (CV3geq) [7-9].

Fayalites in CV3geq and in CV3p,g chondrites show
similar petrographic characteristics (e.g., occurrence,
coexisting minerals), implying that fayalites in CV3oys
and CV3ge formed via similar formation mechanisms
in CV3 asteroid(s) [9]. Although petrological and mi-
neralogical characteristics of CV3 fayalites are similar,
there are variations in their Fa content (Fa#) and grain
sizes [9]. For example, adjacent fayalite grains show
different Fa#, if they belong to different clasts. Ob-
served difference in Fa# may have resulted from differ-
ent temperature condition during fayalite formation
[10].

¥Mn->3Cr isotopic systematics (**Mn decays to **Cr
with ty, of 3.7 Ma) is a useful chronometer to deter-
mine the onset of fayalite formation on the CV3 astero-
id [11], and the duration of metamorphism and agqueous
alteration in CV3 asteroids in the early solar system.
Systematic study of fayalites in several CV3o, and
CV3geq chondrites implies that their Mn-Cr formation
ages were identical within errors [5,9,11], regardless of
their Fa# or grain sizes.

In this study, we performed a detailed study of mi-
neralogy and petrology of fayalites in CV3geq A881317
and CV3o,s MET00430 and MET01074 [12], and de-
termined formation ages based on Mn-Cr systematics
using the JSC NanoSIMS 50L ion microprobe.

Experimental Procedures: Chemical composi-
tions, and mineralogical/petrological characterization
of fayalites in A881317, MET00430 and MET01074,
were obtained by SEM, FE-SEM and EPMA at Kyushu
University.

Mn-Cr isotopic measurements were performed at
Johnson Space Center/NASA using NanoSIMS 50L
ion microprobe. A focused O™ primary ion beam was
rastered over 3 x 3 or 5 x 5 um depending on sample
size. Secondary ions of ®Mg*, #Si*, *Cr*, *Cr*,

*Mn* and *'Fe* were acquired simultaneously in mul-
tidetection with EMs at a high mass resolution of
~8000. We used elemental images of Mg, Si and Fe to
find a small fayalites (5 to 30 um) in chondrule and
matrix (Fig. 1). San Carlos olivine was measured as a
standard to determine the Mn/Cr sensitivity factor and
instrumental mass fractionation .

Mineralogy and Petrology: A881317 is a breccia
containing some clasts. A clast is composed of chon-
drules and surrounding olivine-rich fine-grained mate-
rials. Clasts are embedded in host matrix or have di-
rect contact with adjacent clasts, which can be recog-
nized by boundaries. In contrast, MET00430 and
METO01074 are not considered breccias because no
obvious boundaries were observed.

Fayalites in A881317. Among 22 clasts investi-
gated, six clasts contain fayalites (Fags.og) With sizes up
to 50 um. Fayalites exist in interiors and peripheries of
chondrules, in fine-grained materials in clasts, and in
the host matrix. These fayalites occur as grains or con-
stituents of veins, and commonly coexist with troilite
and/or magnetite. They do not show Fe-Mg zoning,
suggesting that fayalite had not been heated after its
formation. However, fayalite in each clast and in the
host matrix shows different Fa#.

Fayalites in MET00430 and MET01074. Fayalites
in these meteorites exist in chondrule peripheries and
in matrix. No fayalite was observed in chondrule inte-
riors. Occurence of fayalites in these chondrites are
similar to that in A881317. Fayalites in MET00430
show Fazggs and sizes up to 30 pum, and those in
METO01074 show Fag;.g9 and sizes up to 40 um. In
both meteorites, fayalites typically show Fe-Mg zoning
pattern (Fa content decreases from the center toward
the rim) suggesting that they formed as temperatures
were increasing [10].

Mn-Cr systematics of fayalites: We performed
Mn-Cr isotopic measurements on four fayalites in four
different clasts from A881317, two fayalites from
MET00430 and three fayalites from MET01074.
These fayalites have high Mn/Cr ratios (MnO = 0.6-1.3
wt%; Cr,03 <0.1 wt%). We also measured olivines and
pyroxenes with low Mn/Cr ratios in chondrules or ma-
trices near measured fayalites to determine the
(°3Cr/°2Cr) intercept.

A881317. Although fayalites in each clast have dif-
ferent Fa# (Fags-g9g) and various grain sizes (10~30 um
in sizes) in A881317, Mn-Cr isotopic data points lie
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Fig. 1. A BSE image of fayalite in matrix. NanoSIMS beam spot is
indicated by arrows.

Regardless of their Fa# or grain sizes, inferred 12
Mn/**Mn ratios of fayalites in A881317, MET00430 o (19 405)10° ey
and MET01074 are identical within errors, suggesting 10 1 (s3¢r/52¢1)5=0.1149£0.0004 d
that they formed at the same period: about 4563~4560 08 |

Ma ago based on angrite NWA 4801 [13,14]. Ob-
served *Mn/>*Mn ratios from new CV3geg and CV3oys
chondrites are good agreement with previous studies of 04 1
CV3res (2.3x10°, 9) and CV3ge ((2.0-2.4)x10°,

0.6

53Cr/52Cr

5,6,11) chondrites within errors. 0271

Our results constrain the formation timescale of 00 1 error26
CV3 asteroids containing fayalite formed in aqueous 0.0E+00 2.0E+05 4.0E+05
processes. [15] discussed alternative settings for 016 *Mn/>2Cr
aqueous alteration in carbonaceous chondrite parent g\“lﬂ?'n%ngzTng"jgs)m_s
bodies. Whereas alteration in small bodies (<50 km) 015 | (530;/52r),=0.1138 %0.0010
occurred within (<1 Ma) of asteroidal formation, large o |

bodies (~1000 km) required prolonged heating (>5 Fig. 3
Ma). Fayalite formation conditions inferred from oxy-
gen isotopic compositions [4-6] and thermodynamics

[10] support alteration in small bodies. Since the dura-

0.13 +

S3Cr/2Cr

012

tion of aqueous processing in small bodies is <1Ma, 011 |
CV3oye asteroids should have formed no earlier than 010 ‘ ‘ error26
1Ma prior to fayalite form_ation_. Because all CVv3 faya- 0.0E+00 108404 2.0E+04
lite formation ages are identical within errors, CV3 s5Mn/52Cr
asteroidal formation might have simultaneously oc- 12 T cvameTor072
curred about 4564~4561 Ma ago. 10 | S3Mn/Mn=(16208)x10°
" 53 52, = -
References: [1] Weisberg M.K. et al. (1997) Met. Planet. Corasonss=oonr -
Sci., 32, A138. [2] Krot A.N. et al. (1995) Met. Planet. Sci., 08 Fig. 4

30, 748 [3] Hua X. and Buseck P.R. (1995) GCA, 59, 563

53Cr/52Cr

06
[4] Choi B.-G. et al. (2000) Met. Planet. Sci., 35, 1239 [5]
Hua X. et al. (2005) GCA, 69, 1333-1348. [6] Jogo K. et al. 04 71
(2008) LPS 39, 1576. [7] Krot A.N. et al. (2000) Met. Planet. 02 +
Sci., 35, 817 [8] Tomeoka K. and Tanimura 1. (2000) GCA, 1 error 26
64, 1971 [9] Jogo K. et al. (2009) EPSL, 287, 320 [10] Zolo- 00 '
0.0E+00 2.0E+05 4.0E+05

tov M.Y. et al. (2006) Met. Planet. Sci., 41, 1775 [11] Hut-
S5Mn/52Cr

cheon 1.D. et al. (1998) Science, 282, 1865 [12] Jogo K. Fig. 2-4. 5*Mn-%%Cr isotopic ratios for fayalites in A881317,
(2009) Dr. thesis. [13] Shukolyukov A. et al. (2009) LPS 40, MET00430 and MET01074. The dotted lines show 26 error of slope.



