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Introduction: Chondrules with sharp concentric layers are
reported from CV [2], CR [1-3], CM [4], and ordinary chondrites
(OC) [5,6]. Layers vary in texture, mineralogy, and composition.
CAls, and AOAs (transitional to chondrules) also exhibit concen-
tric layers in whole or in parts [7,8]. Many hypotheses exist for
layering [1-4, 6-9], and different types of layering may form by
different processes. The relative abundances and 3D structures of
concentrically layered chondrules are unknown. Few are de-
scribed in detail. We identified layered chondrules in Renazzo
(CR2), Allende(CV3), Semarkona(LL3), Bjurbole(L/LL4), Ka-
roonda(CK4), and Chainpur(LL3) in 3D images of “1cm® pieces
from the AMNH collection, using synchrotron x-ray tomographic
reconstructions [10], and 2D elemental mapping and spot analy-
ses of slices that were cut guided by 3D images. Layering pro-
vides clues to chondrule source materials, crystallization and ac-
cretion environments, and possible heating mechanisms.

Results: Types of layering include, from inside to outside: 1)
ol-rich to opx-rich; 2) metal-poor to metal-rich; 3) barred ol to
coarse ol; 4) metal-rich to ol-rich; 5) coarse metal to fine metal;
6) opx-rich to ol-rich (rare); 7) silicate to metal-rich “dust’; and
8) CAl-like to ol-rich, in AOAs. Layered objects appear to be
more common in the CR than in the CV, and rare in OC [1, 3].
Tomography, however, allowed location of, for example, a rare
layered chondrule in Semarkona with multiple type (2) layers.

Discussion: Each meteorite class displays chondrule layering
of different kind and extent. The heating process for chondrule
formation probably differed in intensity or efficiency in the re-
gion from which each class formed. Unlike OC and CV chon-
drules, many CR chondrules have metal, Mg-silicate, and Ca-,
Al-rich components in distinct layers. The OC appear more thor-
oughly converted from dust into chondrules, by higher degrees of
melting and/or remelting, whereas in CV, CR and CK the chon-
drule rims are sintered into layers to varying extents, preserving
earlier growth cycles. In the perhaps most primitive chondrites,
CR [12], metal-silicate fractionation occurred very early, re-
corded in type (2) layering, and rim accretion and re-heating fol-
lowed chondrule collisions. Some layered chondrules suggest
open-system olivine-vapor reaction to form pyroxene, others
suggest sintering of lower-temperature, pyroxene-normative
dusty rims.
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