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Trailite in the chondrules of type-3 chon-
drites may be primary (i.e, part of the origina
chondrule melt) or secondary (i.e., introduced
during parent-body thermal metamorphism [1],
shock metamorphism [2] or aqueous dteration
[3]). To determine the origin of troilite in chon-
drules we examined 225 intact chondrules of dl
textura types in thin sections of eight unshocked
to weakly shocked ordinary-chondrite (OC) falls
of low petrologic type (LL3.1,S2 Bishunpur;
L/LL34,S1 Chanpur; LL3.1,S3 Krymka
LL34, Sl PRancddoli; LL33S2 S Mary's
County; LL3.0,S2 Semarkona; H3.4,S3 Sharps,
H/L3.6,S3 Tieschitz); 68 chondrules are from Se-
markona.

Secondary troilite occurs in a few percent
of Semarkona chondrules.  Some chondrules
(particularly in one portion of section USNM
4128-4) are adjacent to massive troilite and con-
tain numerous thin troilite veins that cut across
mafic dlicate grain boundaries and patches of
mesostas's; some of the veins are connected to
the massive troilite in the chondrule rim. The
troilite-rich veins resemble those in slicate frac-
tures in artificialy heated Krymka [4] as well as
veins in some lightly shocked equilibrated OC
wherein molten meta and troilite were injected
into slicate fractures [2]. Although the olivine
phenocrysts in the chondrules with the trailite
veins lack planar fractures (i.e, they are not
shock stage S3), it seems plausible that heteroge-
neous energy deposition melted the externd trailite
and injected it into chondrule interiors.  Another
variety of secondary Fe sulfide (troilite or pyr-
rhotite) in the outer portions of some chondrules
occurs within opague nodules in association with
magnetite, carbide, Ni-rich sulfide, Ni-rich taenite
and Co-rich kamacite [3]. These assemblages are
identical to those in the Semarkona matrix and
probably formed by hydrothermal dteration of
metallic Fe-Ni and trailite on the LL parent-body

[3].

Mog trailite-bearing chondrules in Se-
markona lack secondary troilite; ~70% of them
contain troilite grains or troilite-bearing assem-
blages within one-half radius of the chondrule
center that are completely surrounded (in two di-
mensions) by mesostasis or embedded in mafic
dlicate phenocrysts. Such isolated troilite grains
are unlikely to be products of fluid-induced dtera-
tion or to have formed by inward diffuson of S
from the matrix during mild metamorphism. We
conclude that these troilite grains are primary.

Low-FeO (type I) porphyritic chondrules
in Semarkona typicaly contain severa spherules
composed entirely of metallic Fe-Ni and no
spherules composed entirely of troilite.  Some
metalic Fe-Ni spherules are surrounded by 0.5-3
pum-thick partial or continuous troilite rinds consti-
tuting ~5-15% of the spherule diameter. The
gpheroidal shapes of the metd-troilite blebs re-
sulted from the surface tension of their precursor
droplets which were immiscible in the surrounding
dlicate mdt. In meta-sulfide droplets in relatively
dowly cooled slicate chondrules, meta crystal-
lizesfirgt, and the residua, increasingly sulfide-rich
liquid is pushed to the margins of the droplet.
Eventuadly, troilite crystalizes as a rind around the
metal.

A few low-FeO chondrules possess me-
talic Fe-Ni spherules that contain 0.5-2-um-size
polygond to rounded grains of troilite. In rapidly
cooled meta-sulfide droplets, pockets of residual
sulfide-rich melt may become trapped by sur-
rounding solidified meta. Trailite crysdlizes in
these pockets.

High-FeO (type 1) chondrules in Se-
markona have much higher mean troilite/metallic-
Fe-Ni ratios than low-FeO chondrules: 1.8 vs.
0.05 wt.% [5,6]. Few spherules composed en-
tirdy of metalic Fe-Ni occur; in contrast,
spherules and irregular grains composed entirely
of troilite are common. Troilite rinds on metallic-
Fe-Ni-rich spherules tend to be thicker than those
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in low-FeO chondrules, typicaly congdtituting
~50% of the spherule diameter. The high troilite
content of high-FeO chondrules probably reflects
that of their precursors.

With increasing metamorphic grade, troil-
ite rinds on metallic Fe-Ni spherules in low-FeO
chondrules tend to become thicker (as docu-
mented experimentally [7]) and the textural differ-
ences between the meta-troilite assemblages in
low-FeO and high-FeO chondrules diminish. For
example, low-FeO chondrules in type-3.6 Ti-
eschitz have much thicker partiad and complete
trailite rims around metalic Fe-Ni spherules than
in type-3.0 Semarkona. The troilite within metallic-
Fe-Ni-bearing spherules in typel porphyritic
chondrules in LL4 Bo Xian congtitutes 35-70% of
the diameter of the spherules.

The presence of primary troilite in some
chondrules indicates that the chondrule droplets
could not have remained molten for extensive pe-
riods. Otherwise, much of the troilite would have
been lost. Unpublished calculations by JT. Was-
son indicate that a 200-pm-diameter sphere of
troilite would have an evaporation half-life of 11 s
at 1700 K and 4.5 sat 1800 K (at the low end of
inferred chondrule pesk temperatures. 1750-2150
K; [8,9]). Although in rea chondrules most troilite
is not exposed at the surface (as assumed in the
calculations), these results suggest that chondrules
remained at their peak temperatures only briefly.
Brief chondrule hegating is aso indicated by the
retention of moderately volatile Na in augite and
glassy mesostasis in many low-FeO chondrules in
Semarkona [6].

The occurrence of chondrules with igne-
ous rims and rdlict grains and of independent en-
veloping compound chondrules indicate that many
chondrules (325% of OC chondrules) were
heated more than once [10]. Although some troil-
ite-bearing chondrules may have been meted
multiple times, it is clear that the last time they
were melted, S was present. This indicates that
ambient nebular temperatures had cooled below
~650 K (the 50%-condensation temperature of S
at pressures between 104 and 106 atm [11]).

Eleven chondrules in the survey (two

from Semarkona) are low-FeO objects that con-
tain metalic Fe-Ni but no troilite. Either these
chondrules or their precursors never contained
troilite or the troilite was lost during or after chon-
drule formation. It is unlikely that troilite could
have been quantitatively expelled by centrifuga
force during chondrule melting because many of
these chondrules contain a few volume percent
metalic Fe-Ni. Because troilite and metdlic Fe
are completely miscible in the Fe-FeS system, it is
improbable that troilite could have been expelled
and metallic Fe-Ni retained in these chondrules
while they were spinning molten droplets. It is
aso unlikely that troilite could have been com-
pletely volatilized because Na,O-bearing augite
and NaO- and K,O-bearing mesostases have
been retained in many of these chondrules. Ex-
periments [e.g., 12] suggest that if significant
amounts of Na and K survive chondrule melting,
then some sulfide should aso have been retained.
It therefore seems likely that troilite was never
present in the precursors of these chondrules.
The chondrule-formation mechanism is inferred to
have been active throughout the period it took
ambient nebular temperatures to cool from ~910
K to ~650 K (the 50%-condensation temperatures
of Naand S, respectively [11]).
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