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Introduction: Constraints on thermal
histories and physical conditiorduring theformation of
unequilibrated ordinary chondrites (UOGsetrologic type
3) arelargely based on inferences from more equilibrated
varieties (types 4-7). In this study, we explore the
possibility of a more direct indicator based on the
observation[1, 2] that abundances of diamomed SiC
decrease systematically in UOCs with increasing
petrologic type(from 3.0 to 3.8). Wausethe results of
volatilization experiments tolay the groundwork
necessary to understand tpeocesses by whiclSiC is
destroyed duringnetamorphism ofJOCsand to estimate
lifetimes of presolar SiC grains in parent body
environments.

Experimental: Experiments were conducted in
the temperature rangés0-1400°C in verticafurnaces us-
ing H,-CO, (+ He+ SiH,) or CO-CQ gas mixtures. ¢,s
were inthe rangelW+2 to IW-3 to encompass values at-
tributed to metamorphism in the UOC parent bodies [3, 4].
Starting materials consisted ofiafers of Chemically
Vapor DepositedCVD) B-SiC, single crystala-SiC and
fused silica glass with typical sizes 06x3x0.3 mm.
Experimental detailsre as in[5, 6] except that Ir or Rh
wire holders were used inplace of Mo for experiments

above IW. Individualexperiments lastedrom several
hours to two weeks depending orexperimental
conditions.

Results and Discussion:A fresh SiCwafer
exposed to BCO, between IW-3 and IW+3 initiallgains
weight due to the formation of an iridescent layersidifca
on the surfacandthen loses weight linearly withime.
For SiQ,, weight loss isinstantaneousand alwayslinear.
Figs. 1 and 2 show the temperature dependence
volatilization rates (R) fop-SiC and Si@ in Hy-CO, gas
mixtures at different §§_s at a gas flow rate df.1 cm/s.
For clarity, results at IWor 900 and 750C, which were
used ingenerating the plotted regression linare not
shown in Fig. 2. Results #V-2 and IW-3 ona- andf-
SiC wereindistinguishable. Although R for SiQ is usu-
ally a little higher than that oS8iC (e.g., 3.2x107 vs.

of

1.7x107 mg/min/mn? at 1250°C and IW-2), the
activation energy, & anddependence of R onpf, are
similar. For a gas ofconstant composition, a&harp

change in slope is sometimes observedindérmediate
temperatures (e.g., at IW-142220 — 96 at ~1350C for
SiC and 280 — 99kJ/mole at~1300C for SiOp),
signaling a change in mechanism which remainsstant
over the temperature rande800-750C for IW. Thus,
therearetwo regimes in H4-COo gas mixtures, oneavith

high Eg at high temperatureandlow fozs, andthe other
with low Eg at lower temperaturesnd more oxidizing
conditions.
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Fig.1 Dependence of SiC volatilization rate
in H>-COp on temperature.
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Fig. 2 Dependence of S)O volatilization rate
in H,-CO, on temperature

The linearity of weight loss with time irboth
high and low F regimes suggests that eitheswaface re-
action or gas-phase diffusion to drom the surface
through a boundary layer is rate limiting. We concentrated
on characterizing thdéow Eg regime because it isnore
relevant to the T- (152 conditions expected for UOCs [3, 4,
7]. That the reaction rate inearly correlated with the
squareroot of linear gas flow rate (0.1 t8.0 cm/s) at
1250°C and Mé&trongly implies that gas-phas#ffusion
andnot asurfacereaction is ratdimiting in this regime.
There is astrong positive correlation ofolatilization
rates of SiCand SiQ (Fig. 3) with the partial pressure of
H50 in this regime consistentwith diffusive transport of
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H,0, a reactant fooxidation, beingrate limiting. In

contrast, a simultaneous positive correlation R{CO)

with volatilization rate isinconsistentwith this species
being ratelimiting because CO is a product okidation,

and, therefore, a negativeorrelation would have been
expected. P(§) or P(CQ) are not ratdimiting in the low
Eg regime because theolatilization rate does notvary

monotonically with them. In addition, it is unlikelghat
transport of an Si-bearing species away from the,9j&
interface is rate limiting becauggeliminary experiments
with H,-CO»-He-SiH; at 1250C and IW reveal no
correlation with theconcentration of Sill We conclude
that, in H-CO2 gas mixtures, transport of,8(g) is rate
limiting in the low E; regime.
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In UOCs, the vapor composition is not restricted
to the H-CO2 binary. We have, therefore, begarperi-
ments in CO-C@gas mixtures as a forerunner perform-
ing experiments iCO-H,-CO,. For CO-CQ, there is a
high E; regime (e.g., for IW-3, volatilization rates are the
same as for HCO, [6]). At 1250C for IW and IW+2,
however, SiC wafers i€O-CG, gain weight (1day runs)
and follow parabolic (RO time/?) kinetics. The weight
gain reflects the formation of a protective silidayer,
which slows furtheroxidation of SiC. For run times ex-
ceeding an hourpoxidation of SiC in this regime of
parabolic kinetics is much slower than for the linear kinet-
ics in H,-CO, gas mixtures at the samegyf. We have not
yet studied the temperature dependencevidatilization
rates in CO-C@gas mixtures at IW olW+2 but, based on
literature data for oxidation of SiC in the parabalegime
[8], it is likely that the mechanism will remain the same to
low temperatures. There will be a limiting boundary in gas
composition between the linearand parabolic kinetic
regimes, and it may bpossible totake advantage dhis
to constrain P(bD) andother partial pressures ofapor
species in the UOC parent body.

Applications: Given that small quantities of
SiC persist even in typ8.7-3.8 UOCs[2], that T for
these chondritesvas~450°C [7] or even higher [9], and
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that cooling ratesweretypically in the range2-20°/Myr
[10, 11], actualifetimes of SiC in type 3.8 UOCs would
have been on therder of 1G-108 yr, assuming a 30C
closure temperature. If theitial grain size distribution
for SiC in UOCs was the same as fdurchison, ~90% of
the mass was in grains with diametersOof-2.Qum [12].
Fig. 4 shows lifetimes for spherical 0.4-grd SiC grains
calculated byextrapolatingthe linearkinetics of our ex-
perimentaldata onthe volatilization of SiQ in H,-CO,
gas mixtures with a gas flow rate &f1 cm/s to lower
temperatures.  Calculated survival times ford-2um
grains are ~1910° yr depending on temperaturélaking
into account that gas flow in chondritic parent bodies was
probably close taero [13] increases calculatéifietimes
by ~4x, in noway sufficient to account for a 3-drder of
magnitude discrepancy. Wnclude that SiC ilJOCs
oxidized via parabolic kinetics and, therefore, that the va-
por waswater-poor relative to HCO, at the same (752-
This implies that P(KO) was less than 0.03 (féw-3 [3])
- 0.35 (for IW-1 [4]) atm for total pressures< 1 atm.
Since the actual boundary between linead parabolic
kinetics is probablymuchcloser toCO-CG, than to H-
CO, underreducingconditions, it is likelythat results of
future experiments will severely limpossible values of
P(H,0) in the vapor during the metamorphism of UOCs.

1.6 106

14100 A\ .
1216} \e" Zhm. IW-3 ]
10100 | \ ]

0.4 pm, IW-3

8010*
2 um, IW-1
6.010%

lifetime, years

40104 F 0.4pm, IW-1 1

2.0 104 P4~ 1

ToC 450
Fig. 4: Calculated lifetimes of presolar SIC
grainsin UOC parent bodies
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