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Fine-grained rims surrounding chondrules in the Tagish Lake carbonaceous chondrite:

Verification of their formation through parent-body processes
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ABSTRACT

Chapter 1: Introduction. Planetary materials are products formed through the
evolution process of the solar system, thus they have information about the formation
history of it. However, on the differenciated bodies such as planets, elements in -
materials have been equilibrated and their 6riginal characteristics have been overprinted.

Thus we focus on uniquilibrated materials from smaller bodies (asteroids): meteorites, -

interplanetary dust particles (IDPs) and micrometeorites (MMs). Hydration of minerals

is thought to have occurred on the primitive planetesimals, thus hydrous planetary
materials are important key to uncover the early processes of the solar system. Nearly
half of IDPs and MMs are hydrous, although hydrous meteorites are significantly low in
abundance. Tagish Lake carbonaceous chondrite is thoght to be the first sample from D
type asteroids, which are representative hydrous asteroids. This meteorite consists of
two major lithologies: carbonate-poor and carbonate-rich. One of the remarkable
characteristics of this meteorite is the general presence of fine-grained chondrule rims.
Fine-grained rims are commonly observed in other meteorites such as CM, CV and
ordinary chondrites, although the formation mechanism of the rims has been

controvertial. Most commonly recognized model is that rims were formed by accretion

“ of the dusts in the early solar nebula (e.g. Metzler et al., 1992). Another model is that

rims were formed by a series of parent body processes (e.g. Tomeoka and Tanimura,
2000). Regarding the fine-grained rims in Tagish Lake, completely different fonr;aﬁon
processes have been proposed for each of the two lithologies. Nakamura et al. (2003)
proposed that the rims in the carbonate-rich lithology were formed on the parent body

(or bodies); though Greshake et al. (2005) proposed that the rims in the carbonate-poor




lithology were formed by accretion of dusts iri the nebula. Nakamura et al. (2003) stated

that there is a possibility that the origin of the rim in the carbonate-rich lithology have a
link to the carbonate-poor lithology. However, no study on the carbonate-poor lithology
which considers that possibility has been done.

In this paper, 1 présent tl_le results of detailed petrographic and mineralégical
investigation of the carbonate-poor lithology of the Tagish Léke meteorite. My goal in
this study is to find any evidence indicating the processes and conditions of rim
formation, to determine which of the above or other models of rim fonnéa.tion most
consistentiy explains the mineralogical g.nd petrographic characteristics of the; rims and
other components, and to elucidate the formation history of the Tagish Lake
carbonate-poor lithology. 7

Chapte;v 2: Samples and methods. Two polished thin sections of Tagish Lake were
studied using scanning electron microscope (SEM) and electron probe microanalyser
(EPMA). For calculating the modal abundances of the coarse components.
pseudomorphs and minerals, they were colored on BSE i;rlages and pixels of them were
counted on Adobe Photoshop Software.

Chapter 3: Results. The carbonate-poor lithology of the Tagish Lake
carbonaceous chondrite consists of a dominant matrix (84.1 vol.%) and 87 chondrules
(11.1 vol.%), 2 Ca-Al-rich inclusions (CAls) (0.4 vol.%), and 14 forsterite aggregates
(2.1 vol.%). Matrix contains abundant pores and exhibit an uneven surface'. The matrix
mainly consists of ﬁne-grainéd phyllosilicates with minor amount of Fe-Mg carbonate,
magnetite, forsteritic olivine, C.a carbonate, and Fe-(Ni) sulfides.

The chondrules consist of extremely Fe-poor olivine (Fo) and pyroxene (En).

Most forsterite phenocrysts show little evidence of alteration, whereas most enstatite
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phenocrysts were partly or totally replaced by Mg&ich phyllosilicates. Mesostases were
completely replaced by Mg-rich phyllosilicates. Opaque nodules, which ;1re common in
chondrules in other chondrites, are absent. Most chondrules consist of irregularly
shaped éores composed of forsterite and enstatite and phyllosilicate-rich outer zones
(POZs) which surround the cores. In the cores and in the POZs, characteristic round
objects are commonly observed. They consist largely of phyllosilicates, gnd their

chemical compositions are signiﬁca.ntly richer in Cr,Os than any other phyllosilicates

>consisting of materials in the carbonate-poor lithology of Tagish Lake. The enrichment

of Cr in these round objects is most consistent with their origin from Fe metal. That is,
these round objects are pselidomorphs of opaque nodules, which were replaced by
phyllosilicates during aqueous alteration. Most chondrules are fully or partly surrounded
by fine-grained phyllosilicate-rich rims which exhibit much smoother surface compared
witﬁ the matrix, The rims mainly consist of fine-grained phyllosilicates with minor
amount of Fe-‘Mg carbon.ate, Fe-(Ni) sulﬁdes‘, forsteritic olivine, and magneﬁte. Ca
carbonate, which is commonly observed in matrix, is absent in the rims. In many cases,
characteristic fractures run radially from the core/POZ interfaces and penetrate both
POZs and rims, and always terminate at the rim/matrix interfaces.

Both of the two CAls contain large amount of secondary nﬁnefals such as Ca
carbonate, Mg-Ca carbonate, and phyllosilicates. One of them preserve the initial
materials, Fe-poor spinel, as the second most abundant mineral, whereas the other only
cont:ains spinel as small relict grains. These two CAls are also completely suqoux;ded
by fine-grained rims which are identical to those surround the chondrules in texture,
mineralogy and chemical compositions. The radial fractures which start from the

core/rim boundary and terminate at the rim/matrix boundary are also common in the



rims of CAls.

Forsterite aggregétes consist almost solely of small forsterite grains and have
highly irregular shape compared with chondrules. They are compact aggregafes of
forsterite grains. The interspaces of forsterite grains are pores. In rare cases, small grains
of magnetite or spinel fill these interspaces. All of the forsterite aggregates are ‘
surrounded by fine-grained rims which are i(\ienﬁcal to those surround the chondrules
and CAls in texture, mineralogy and 'chemical compositions. The radial fractures which
start from the core/rim boundary and terminate at the rim/matrix boundary are also
common in the rimsof forsterite aggregates.

We found 55 matrix clasts which lack coérse components (chondrules, CAls and
forsterite aggregafes). Theyv consist of materials texturally and mineralogically identical
to the fine-grained rims surrounding coarse components, They are\commonly round in
shape and basically smaller than those coarse components. We also found a large clast
which cqntains three chondrules and three forsterite aggregates. The matrix of this large
clast is identical 'to the matrix clasts described above. Chonarules in this clast have
identical texture, mineralogy and chemical compositions to thoée of the chondrules in
. the host matrix; they consist of irregularly shaped cores and POZs. However, they have

no fine-grained rims. Similarly, forsterite aggregates in the clast lack rims. The matrix
-of the clast exhibits fractures that run radially from the surfaces of the chondrules and
-forsterite aggregates and interconnect them. Most of the fractures terminate at the

boundary between the clast and the host matrix.

Chapter 4: Discussions. The common occurance of the pseudomorphs of opaque -

nodules in both chondrule cores and POZs suggests that the POZs are altered zones

which were formed by the replacement of opaque nodules, mesostasis and enstatite
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preferentially from the peripheries of chondrules due to the introduction of fluids from
outside. The altered zones and the rims are compositionally and texturallir similar,
although they exhibit some differences in secondary minerals. In comparison, the rims
and the host matrix show more significant differences in bulk chemiqal coﬁposiﬁon,
texture, and mineralogy. The observations suggest that the chondrules and the rims
experienced aqueous alteration simultaneously, whereas the rims and the matrix
experienced aqueous alteration under distinct conditions. I also found a clast that
contains multiple coarse-grained components embedded in a matrix and numerous
smaller matrix clasts. The coarse-grained components in the clast have no rims, and the
matrices of the clasts are mineralogically identical to the rims.

The results suggest that the chondrules, other coarse-grained components, and
their rims (generically referred to as chondrules/rims) and the clasts originated from a
common precursor region in the meteorite parent body that was different from the

location where the host meteorite was finally lithified. That is, the chondrules/rims are

.actually clasts produced by brecciation and later transported and incorporated into the

present host matrix. The rims are, therefore, remnants of matrix material fhat formerly
filled interspaces between the chondrules and other coarse-grained components. This
model is essentially consistent with those previously proposed for the carbonate-rich
lithology of Tagish Lake and the hydrated chondrules/rims in the Vigarano and Mokoia

CV3 chondrites.
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