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Introduction: Glass-rich chondrules, defined as
containing more than 50 vol % glass, are minor com-
ponents of ordinary chondrites (OC).  A subtype of
these containing more than 90% glass, referred to as
glass chondrules, are extremely rare.  For example,
Krot and Rubin [1] studied 11 thin sections of ordinary
chondrites and identified 15 glass-rich chondrules,
only four of which are glass. Nehru et al. [2] studied
197 CC, RP and glassy chondrules in thin sections
from 21 ordinary chondrites and found only 2 with
more than 90% glass. The glass-rich chondrules are
remarkable in containing abundant glass compared to
most chondrules, which generally contain less than
20% and, they generally have Na-, Al-rich (nepheline
or albite normative) bulk compositions with up to 15.6
wt. % Na2O. The goal of our work is to understand the
(primary vs. secondary) origin of these unusual, rare
chondrule compositions and what they may reveal
about chondrule precursors. Additionally, we are inter-
ested in the nucleation behavior of these feldspathic
compositions and the fact that they remain uncrystal-
lized even in equilibrated (type 4) chondrites, which
may help constrain temperatures and timescales of
metamorphism in OC parent bodies.
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Results: We studied thin sections of 21 ordinary
chondrites and found 2 chondrules having >90% glass.
These chondrules are from Dimmitt (H4, regolith brec-
cia) and RKPA 80205 (H3.8). Glass-rich chondrules
have previously been reported in H, L and LL chon-
drites of petrologic types 3.4-4 [1].      Textures and
Modes    . Glass-rich chondrules include porphyritic,
barred and glassy (>90% glass, Fig. 1) textures. They
contain anhedral to subhedral olivine and/or pyroxene
crystals surrounded by a glassy to microcrystalline

mesostasis. Many, especially the most glass-rich chon-
drules, contain skeletal crystals of olivine, low-Ca py-
roxene and Ca-pyroxene surrounded by glass (Fig.1,
2).  Even in Dimmitt (H4) they contain uncrystallized
(or poorly crystallized) brownish, isotropic glass. We
recognize that thin sections reveal an apparent modal
abundance that may be due to heterogeneous distribu-
tion of phenocrysts out of the plane of the section.
However, because average OC chondrules contain only
10-20 vol% glass, it is highly likely that the identified
glass-rich chondrules (>50 vol% glassy mesostasis) are
anomalous. Indeed, some glass-rich chondrules, espe-
cially those containing >90% glass, with their skeletal
crystals (e.g., Fig.1, 2) are clearly distinct in texture
from other chondrule types. Their textures suggest that
they are melt-droplet (completely molten) chondrules
but are texturally distinct from CC and RP chondrules.

Bulk Compositions.    Using the electron probe we de-
termined bulk compositions of the glass chondrules
from Dimmitt and RKPA 80205. Recognizing the
problems associated with analyzing chondrule glasses
[e.g., 3], we use a combination of defocused beam, low
sample current (10nA) and correction curves for alkali
elements. Based on our results and data from [1], a
total of 10 glass-rich chondrules including 4 glass
chondrules, glass-rich chondrules have (in wt.%) 54-62
SiO2, 0.8-1.6 TiO2, 13-30 Al2O3, 0.7-9 FeO, <0.03-20
MgO, 0.4-5 CaO, 2-15 Na2O and 0.4-1.5 K2O.  Bulk
composition are enriched in Al and Na, with Al/Mg ≤
4 x 103 and Na/Mg ≤ 8 x 103 CI, respectively, whereas
other major and minor elements (Mg-normalized) are
at ~CI (solar) abundances or slightly depleted (Fig. 3).

Fig. 1. BSE image of a glass chondrule from the
Dimmitt H4 chondrite. Gl-albitic glass, Ol-olivine,
Lpx-low-Ca pyxroxene, Cpx-Ca-pyroxene.

Fig. 2. Ca,Mg,Na map of the area boxed in Fig. 1,
showing the skeletal crystals of Cpx (orange) and
Low-Ca pyx (yellow), in a Na-Al-rich glass (blue).
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Na and Al are strongly correlated in these chondrules,
whereas Ca and Al show no correlation. We also note
that the glass compositions are fairly uniform through-
out the chondrules with no evidence of chemical zon-
ing. The average bulk composition of the glass-rich
chondrules is ~20 x CI. Other melt-droplet chondrules,
such as CC and RP, have average compositions with
CI (or near-CI) abundances of major and minor ele-
ments (Fig. 4).

Discussion: A detailed review of chondrules from
our previous study [2], using SEM, revealed that many
of the chondrules initially classified as glassy were not
completely glass and contained feathery- and den-
dritic- micro crystals throughout the chondrule. Thus
most of them were re-classified as cryptocrystalline,
although this crystallinity may be due to devitrification
well after chondrule formation. There are, therefore,
few truly glass-rich and even fewer glass chondrules.

The origin of these rare glass-rich chondrules with
Na-, Al-rich compositions is perplexing.  Origins pre-
viously proposed for glass-rich chondrules include (1)

separation of chondrule glass through collisions of an
earlier generation of ferromagnesian chondrules [4, 5]
and (2) mixing of refractory and moderately volatile-
rich precursors [1].  Other possible scenarios are (3)
melting of CAI-like precursors followed by open sys-
tem behavior (mobilization of Na) after accretion [i.e.,
6, 7] or (4) nebular alteration of CAI-like precursors.

The collision model (1) has a number of flaws.  It
has not been demonstrated that collision would be an
efficient mechanism for partially melting and fraction-
ating chondrule compositions.  Additionally, in the
least equilibrated chondrites, mesostases in the com-
mon type I chondrules is alkali-poor [8]. Therefore,
unusual alkali-rich precursor chondrules would be re-
quired.  The mixing hypothesis (2) is inconsistent with
the nonexistent correlation between Al and Ca and the
strong positive correlation between Al and Na.  Evi-
dence of zoning in mesostasis and bleached zones on
chondrules has been used to support mobilization of
Na during parent-body alteration [6,7]. However, the
Na-, Al-rich chondrules show no evidence for (3) in
situ alkali enrichment. We propose that melting of a
mixture of albitic or nepheline-bearing and ferromag-
nesian precursor components is the most justifiable
scenario for formation of glass-rich chondrules.
Nepheline in some CAIs occurs as needles in textural
settings that support condensation from a nebular va-
por [e.g., 9, 10], and Na-metasomatism followed by
remelting has been proposed to explain CAI melilite
compositions [11]. Such materials could be among the
precursors that melted to form glass-rich chondrules.

Further work is needed to understand the origin of
glass-rich chondrules. Measurements of oxygen iso-
topes may provide information on their relationship to
other chondrules and their evolution. Parent body hy-
potheses for Na diffusion by aqueous fluids, such as
(3), can be tested by measuring the water content in
chondrule glasses and, if present, determination of D/H
ratios may help track the evolution of the water.
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Fig. 3 Bulk compositions of 10 glass-rich chon-
drules from H, L and LL chondrites, 4 are glass
chondrules. (Includes new data and data from [1].)

Fig. 4 Average bulk compositions of glass-rich (Gl),
crypotcrystalline (CC) and radial pyroxene (RP)
chondrules from H, L and LL chondrites.
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