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Abstract Two new carbonaceous chondrites, GRV 023155 and GRV 050179, collected

from the Grove Mountains (GRV), Antarctica, have been classified as the oxidized CV3

and CM2 chondrites, respectively. A total of 9 Ca-, Al-rich inclusions (CAIs) were found

in the two meteorites. Most of the inclusions are extensively altered, with phyllosilicates

commonly found in the alteration assemblages of CAIs, chondrules and matrix in the GRV

050179 CM2 chondrites, suggesting that aqueous alteration occurred on the host meteorite

parent body. In contrast, feldspathoids and hedenbergite were identified in the CAIs from

GRV 023155. The FeO-rich phases in the CAIs from GRV 023155 indicate alteration of

these CAIs happened under high oxygen fugacity. All 9 inclusions can be classified as

Type A or spinel-pyroxene rich inclusions, and they probably represent a continuum of

solar nebular condensation. The survey of Ca-, Al-rich inclusions in GRV 023155 (CV3)

and 050179 (CM2) suggests that Type A and spinel-pyroxene inclusions are common in

these two meteorites.

Keywords Antarctica � Carbonaceous chondrite � Ca-, Al-rich inclusion � CAI � Nebula

1 Introduction

Ca-, Al-rich inclusions (CAIs) have a mineralogy consistent with predictions of conden-

sation from a nebula gas of solar composition (Grossman 1972; Connelly et al. 2012). CAIs

may be texturally divided into coarse-grained and fine-grained inclusions (Grossman and
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Ganapathy 1976a, b; Lin et al. 2006). Most coarse-grained CAIs are compact Type A

(melilite-spinel rich), Type B (melilite-fassaite rich) and Type C (anorthite-fassaite rich)

(Grossman 1975; Wark and Lovering 1982; Wark 1987; Sheng et al. 1991; Krot et al.

2006). The most common fine-grained inclusions are melilite-spinel rich (fluffy Type A)

and spinel-pyroxene rich inclusions (MacPherson and Grossman 1984; Lin et al. 2006).

The most extensive studies of CAIs have been performed on carbonaceous chondrites.

Lin and Kimura (2003) found that a large number of CAIs from the Ningqiang car-

bonaceous chondrite, classified as an unknown chondrite (Wang et al. 2007), revealed a

continuum of fluffy Type As, spinel-pyroxene rich inclusions and amoeboid olivine ag-

gregates (AOAs) with the bulk compositions following the predicted gas–solid conden-

sation trajectory from a gas of solar composition. Furthermore, the discovery of a new type

of CAI, namely the anorthite spinel-rich inclusion (ASI), bridges a genetic relationship

between Type A and Type C inclusions (Lin and Kimura 1998). The size distribution

patterns of the single inclusions and the individual nodules of conglomerated ones in

various carbonaceous chondrites are similar to each other, and to those in ordinary and

enstatite chondrites, except for the anomalously large CAIs found in CV3 chondrites.

Comparable size, petrographic type distribution patterns, oxygen isotopes, Al–Mg isotopic

systems and rare earth elements of CAIs in different groups of chondrites argue for a same

reservoir of CAIs (Guan et al. 2000a, b; Kimura et al. 2002; Lin and Kimura 2003; Lin

et al. 2003, 2006). During and/or after formation, CAIs were transported into different disk

regions and subsequently underwent alteration.

Since the discovery of 9 meteorites on blue ice in Antarctica by the Japanese Antarctic

Research Expedition in 1969, the number of Antarctic meteorites has vastly exceeded the

total number of meteorites from other regions. The Grove Mountains consist of nunataks,

and are located at the eastern edge of Antarctica. A total of *11,400 meteorites were

collected from the region by the Chinese Antarctic Research Expedition (CHINARE). In

this paper, we report on the petrography and mineral chemistry of CAIs from two new

carbonaceous chondrites from Grove Mountains, Antarctica, i.e. GRV 023155 (CV3) and

GRV 050179 (CM2).

2 Samples and Experiments

Samples of the two carbonaceous chondrites were embedded in epoxy, and then cut into

*1 mm thin slices. Polished thin sections were prepared from the both slices without

water. The surface areas of the sections of GRV 023155 and GRV 050179 are 1.08 and

1.31 cm2 (Fig. 1), respectively.

CAIs were mainly located using the back-scattered electron (BSE) image mode of the

electron probe microprobe analyzer (EPMA) JXA-8230 in the College of Earth Sciences,

Guilin University of Technology. Textural observations and quantitative analyses of in-

dividual minerals in these CAIs were carried out using the same EPMA. Natural and

synthetic minerals were used as standards. The operating conditions were 15 keV accel-

erating voltage and 20 nA beam current. Overlaps of the Ka lines of V and Mn by the Kb

lines of Ti and Cr were corrected. The analyses were corrected using the conventional ZAF

program.
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3 Results

3.1 Petrography

3.1.1 Grv 023155

Figure 1a is a BSE image mosaic of GRV 023155. Chondrules and refractory inclusions

are large in GRV 023155. The diameter of chondrules falls in a range of 0.5–3.0 mm, and

the largest CAI has a diameter up to 5.0 mm. The major minerals of chondrules are olivine,

low-Ca pyroxene and troilite. Most of the matrix of GRV 023155 are opaque metallic Fe–

Ni, troilite, and silicate, except for minor microcrystalline grains of olivine and pyroxene

Fig. 1 Back-scattered electron image mosaic of two carbonaceous chondrites. The scale bars are 1.0 mm.
a GRV 023155 has many large chondrules, CAIs and amoeboid olivine aggregates (AOAs). It is a CV3
chondrite; b GRV 050179, a typical CM2 chondrite. Note small chondrules and high abundance of matrix.
Phyllosilicates are abundant within the matrix, chondrules and CAIs. CH chondrule, Mat matrix, Phy
phyllosilicates
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(1–5 lm). The abundance ratio of matrix/(chondrules ? refractory inclusions) is *1.0.

The modal abundance of metallic Fe–Ni and sulfides is *3.0 vol%, and 5 CAIs, with a

total surface of * 0.3 cm2, were found in the section, suggesting a modal abundance of

*28 vol%.

Type A inclusions 4 out of 5 CAIs are classified as Type A inclusions. The sizes of the 4

inclusions are 3000 9 5000 lm, 500 9 1600 lm, 260 9 420 lm and 140 9 350 lm,

respectively. The 4 inclusions are irregularly shaped, consisting of spinel ? melilite/

feldspathoids cores and Ca-pyroxene rims. In GRV 023155-CAI2, feldspathoids occur

mainly between the spinel ? melilite cores and the Ca-pyroxene rims. The largest CAI,

GRV 023155-CAI1 has several concentrically zoned objects that have spinel ? melilite

cores and Ca-pyroxene rims, respectively. Accessory perovskite is enclosed in melilite and

spinel (Fig. 2).

Spinel-pyroxene rich inclusions Only one spinel-pyroxene rich inclusion (GRV023155-

CAI4) was found in the section. The size of the inclusion is 150 9 400 lm. It is irregularly

shaped, consisting of spinel cores and Ca-pyroxene rims. Accessory perovskite is enclosed

in spinel (Fig. 2).

3.1.2 Grv 050179

Shown in Fig. 1b, this chondrite contains much more abundant phyllosilicates-bearing

matrix (74 vol%) and fewer chondrules (25 vol%,\2 mm and most\500 lm in diameter)

than GRV 023155 (Fig. 1). Phyllosilicates are common in CAIs, chondrules and matrix.

Most chondrules have porphyritic textures and FeO-poor compositions (type I); they are

surrounded by the fine-grained accretionary rims. The other major minerals of the chon-

drules are olivine, low-Ca pyroxene and troilite. Metallic Fe–Ni is rare (*0.4 vol%), and

the modal abundance of sulfide is 1.5 vol%. Four CAIs were found in the section, giving a

modal abundance of 0.29 vol%.

Type A inclusions All 4 CAIs are similar to Type A inclusions, although they are all

heavily altered, as indicated by the presence of abundant phyllosilicates, and these CAIs

have a size range of 250 9 400 lm, 50 9 130 lm, 50 9 100 lm, 130 9 130 lm, re-

spectively. Most of these inclusions are irregularly shaped and loose assemblages of

concentrically zoned objects, each of which consists of a core of fine-grained spinel and

needle-shaped phyllosilicates and rims of Ca-pyroxene. One inclusion (GRV

050179-CAI4) has an outermost layer of forsterite (Fig. 3). The presence of phyllosilicates

and absence of melilite (one of the most common primary phases in CAIs) indicate that

these CAIs have been nearly completely altered. Assuming the precursor of the phyl-

losilicates is melilite (Greenwood et al. 1994; Lin et al. 2006), the primary mineral

assemblages are similar to typical Type A inclusions.

3.2 Mineral Chemistry

3.2.1 Spinel

Spinel is the most common phase in all types of CAIs in the two chondrites. The grains in

GRV 050179 are FeO-poor (\1.04 wt%) and show similar compositions between Type A

and spinel-pyroxene rich inclusions (Table 1). However, spinel grains in all 5 CAIs from

GRV 023155 are FeO-rich (up to 12.7 wt%) and ZnO-bearing (up to 0.26 wt%). The ZnO

grains content are positively correlated with the FeO content. Other minor elements are

TiO2 (0.16–0.49 wt%, except for an analysis of 2.98 wt% probably due to alteration) and
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Fig. 2 BSE images of CAIs from GRV 023155. Scale bars at the bottom are 100 lm. a, b A typical type A
inclusion (GRV 023155-CAI1), consisting of many irregular concentrically zoned objects that have melilite
(Mel) and spinel (Sp) cores and Ca-pyroxene (Cpx) rims. A few grains of perovskite (Pv) are enclosed in
spinel and melilite; c A type A inclusion (GRV 023155-CAI2), consisting of a spinel core and a thin Ca-
pyroxene (Cpx) rim. A layer of feldspathoids (Fel) occurs between the core and the rim. Minor melilite
(Mel) is partially replaced by hedenbergite (Hed) in the center of the inclusion. A few white grains are
perovskite (Pv); d A fragment of type A inclusion (GRV 023155-CAI3), consisting of a spinel and melilite
core and a thin olivine (Ol) rim. A few grains of perovskite are enclosed in spinel mainly close to the rim;
e A spinel-pyroxene rich inclusion (GRV 023155-CAI4), consisting of a spinel core and a thin Ca-pyroxene
rim. A few of small grains of perovskite occur in the center of the inclusion; f A type A inclusion (GRV
023155-CAI5), consisting of alteration products feldspathoids (Fel) and spinel at the core and a thin layer of
Ca-pyroxene. Small white spots in spinel are perovskite
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Cr2O3 (0.07–0.32 wt%, except for a few analyses of 2.15–2.78 wt% probably due to

alteration), showing no significant differences between types of CAIs and/or the chondrites

(Table 1).

3.2.2 Other Phases

Ca-pyroxene occurs as rims around CAIs of both Type A and spinel-pyroxene rich types.

Most Ca-pyroxene rims in all CAIs contain low TiO2 (\1.31 wt%) (Table 2). Analyses

conducted on a few thick Ca-pyroxene rims show an increase of Al2O3 and TiO2 toward

the cores. Other minor elements are FeO (0.03–0.68 wt%) and Cr2O3 (\0.15 wt%).

Phyllosilicates are very common in all CAIs in GRV 050179. Quantitative analyses

show low totals (79–85 wt%), suggestive of the presence of OH and/or H2O. Besides SiO2

(14.5–28.3 wt%), MgO (8.26–20.9 wt%) and Al2O3(4.05–15.8 wt%), phyllosilicates are

highly FeO-rich (23.6–40.5 wt%). Only a few grains of melilite are available to analyze,

and they are all gehlenitic (Åk\ 40). Other minor elements are FeO (\0.20 wt%) and

Na2O (\0.26 wt%). Olivine occurs as a layer in GRV 023155-CAI3 and GRV

050179-CAI4, with a composition of forsterite (Fo96–100). Hedenbergite is nearly pure

FeCaSi2O6, with minor amounts of Al2O3 (0.47 wt%) and MnO (0.38 wt%).

Fig. 3 BSE images of CAIs from GRV 050179. Scale bars at the bottom are 10 lm. a A type A-like
inclusion (GRV050179-CAI1), consisting of many irregular concentrically zoned objects that have
phyllosilicate (Phy) and spinel (Sp) cores and Ca-pyroxene (Cpx) rims. The whole inclusion is strongly
altered. b, c Both GRV 050179-CAI2 and GRV 050179-CAI3 are similar with GRV050179-3CAI1,
consisting of many irregular concentrically zoned objects that have phyllosilicate (Phy) and spinel (Sp) cores
and Ca-pyroxene (Cpx) rims. d A type A-like inclusion (GRV050179-CAI4), consisting of a spinel core and
a thin olivine (Ol) rim, consisting of alteration products phyllosilicate (Phy) at the core and a thin layer of
olivine
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4 Discussion

4.1 Classification of the 2 Carbonaceous Chondrites

Chondrules and CAIs in CM chondrites are small—typically\0.5 mm in diameter—and

have a narrow size-range. The modal abundance of matrix and chondrule in CMs are 70

and 20 vol%, respectively (King and King 1978), and the bulk of CMs are composed of

extremely fine-grained hydrous matrix. Members of the CVs have abundant large

(*1 mm) chondrules and prominent CAIs (Van Schmus 1969). Compared with CMs and

COs, chondrules and CAIs are strikingly large in CVs. The modal abundance of matrix and

chondrule are 40 and 45 vol%, respectively. McSween (1977) recognized two subgroups,

oxidized and reduced, based on the metal/magnetite ratio and the Ni contents of the

sulfides. Spinel grains in oxidized CVs are significantly enriched in FeO in comparison

with those in the reduced subgroups (Kimura et al. 2002).

GRV 023155 appears to be a typical CV3 chondrite. The size range of chondrules

(0.5–3.0 mm) are within the range of CV3 (*1 mm) (Van Schmus 1969). The observed

abundance ratio of matrix/(chondrules ? refractory inclusions)*1.0 is consistent with the

Table 2 Representative analyses of melilite (Mel), Ca-pyroxene (Cpx), hedenbergite (Hed), feldspathoids
(Fel), olivine (Ol) and phyllosilicates (Phy), in wt%

GRV 023155 (CV3) GRV 050179 (CM2)

Mel Cpx Hed Fel Ol Cpx Phy Ol

SiO2 24.9 24.7 48.9 50.6 47.2 49.6 38.4 51.0 25.9 42.4

TiO2 0.05 0.15 1.31 0.65 0.15 0.12 0.00 1.19 0.13

Al2O3 33.7 33.7 9.57 6.84 0.47 42.0 0.03 6.91 8.01 0.01

Cr2O3 0.00 0.02 0.07 0.05 0.04 0.00 0.01 0.12 0.01 0.37

FeO 0.03 0.00 0.03 0.17 27.1 1.63 22.4 2.25 32.3 0.51

MnO 0.00 0.00 0.00 0.38 0.00 0.45 0.12 0.21 0.18

MgO 1.96 1.98 15.2 16.1 0.16 0.76 38.9 16.2 14.7 55.3

CaO 39.2 39.6 25.2 23.9 26.3 1.52 0.01 20.9 0.73 0.38

ZnO 0.01 0.00 0.00 0.06 0.01

Na2O 0.18 0.22 0.00 0.03 0.06 5.70 0.03 0.28 0.24 0.02

Total 99.8 100.0 100.3 98.5 101.9 102.9 100.3 99.1 82.7 99.2

Cation per unit

Si 1.206 1.188 1.763 1.856 0.002 0.002 0.995 1.866 3.009 1.015

Ti 0.001 0.004 0.035 0.018 0.007 0.008 0.000 0.033 0.011 0.000

Al 1.840 1.836 0.407 0.295 2.017 2.017 0.001 0.298 1.095 0.000

Cr 0.000 0.001 0.002 0.001 0.002 0.001 0.000 0.003 0.001 0.005

Fe 0.001 0.000 0.001 0.005 0.016 0.173 0.483 0.069 3.135 0.010

Mn 0.000 0.000 0.000 0.000 0.001 0.001 0.010 0.004 0.020 0.004

Mg 0.114 0.115 0.817 0.880 0.934 0.776 1.514 0.882 2.545 1.955

Ca 1.832 1.847 0.975 0.938 0.003 0.002 0.000 0.820 0.090 0.010

Zn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.005 0.000

Na 0.014 0.017 0.000 0.002 0.000 0.000 0.002 0.020 0.053 0.001

Sum 5.000 5.000 4.000 4.000 3.000 3.000 3.000 4.000 10.000 3.000
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classification of CV3. In addition, the intense alteration of CAIs and the FeO-enrichment of

spinel in GRV 023155 are similar to CAIs in oxidized CV3, but distinct from those in the

reduced subgroups. This is supported by the paucity of metallic Fe–Ni in the meteorite. We

classify GRV 023155 as an oxidized CV3 chondrite.

GRV 050179 contains small chondrules embedded in phyllosilicate-bearing matrix. The

sizes of chondrules (most\500 lm) and modal abundance ratio of matrix/chondrule (3.0)

are typical for CM2 chondrites, but different from CO3, CV3 and other carbonaceous

chondrites (Van Schmus and Wood 1967; Van Schmus 1969). The common occurrence of

phyllosilicates in the matrix, chondrules and CAIs further confirms that GRV 050179 is a

CM2 chondrite.

4.2 Formation of CAIs

CAIs in the two carbonaceous chondrites are most likely assemblages of solar nebular

condensates. The Type A inclusions are similar to fluffy Type A (or referred to as melilite-

spinel rich) inclusions in the extensively studied Allende (MacPherson and Grossman

1984), Ningqiang (Lin and Kimura 2003) and other Antarctic carbonaceous chondrites

(Dai et al. 2004), because of their fluffy accretion of concentrically zoned objects, mineral

assemblages and mineral chemistry (with the assumption that melilite has been altered to

phyllosilicate). This is supported by the gehlenitic compositions of a few relict melilite

grains, which are within the range of fluffy Type A inclusions (MacPherson and Grossman

1984; Lin and Kimura 2003) and similar to predictions of solar nebular condensation

(Åk\ 40, Yoneda and Grossman 1995). In contrast, melilite in once-molten CAIs, e.g.

Compact Type A, Type B and C, is usually Åkermanitic (Åk\ 90) (Lin and Kimura 1998,

2000).

Supporting the previous observations by Lin and Kimura (2003) and Russell and

Howard (2013), the Type A inclusions and spinel-pyroxene rich inclusions show a con-

tinuous variation in modal composition. In fact, some CAIs cannot be clearly defined as

Type A or as spinel-pyroxene-rich (Fig. 2c, f). Furthermore, compositions of spinel and

Ca-pyroxene rims are indistinguishable between both occurrences (Tables 1, 2). Another

line of evidence for gas–solid condensation of these CAIs is the mineral sequence of

perovskite, melilite, spinel and Ca-pyroxene/forsterite, from core to rim. The fine-grained

assemblages are likely alteration products of melilite that is one of the major constituent

phases of Ca–Al-rich inclusions. Hence, the precursor of the fine-grained assemblages (e.g.

phyllosilicate, feldspathoids and hedenbergite) can usually be referred to as melilite. This

sequence is consistent with the prediction of solar nebular condensation (Grossman 1972;

Yoneda and Grossman 1995), but different from crystallization sequences of melts with

compatible compositions (Lin and Kimura 2003).

Another scenario is that these CAIs are high-temperature evaporating residues of MgO–

FeO-rich silicates heated by intense irradiation from the proto-Sun (Shu et al. 1997, 2001).

Such a model expects these CAIs to have more refractory rims than the cores, and to have

typical textures of crystallization from liquids, different from the observations. Most CAIs

in the two meteorites have Ca-pyroxene/olivine rims that are identical to Wark-Lovering

rims (Wark and Lovering 1977). Wark and Boynton (2001) suggested that these rims were

formed by flash heating, and one of the main lines of evidence is the enrichment of

refractory elements in the rims relative to the interiors. However, all six CAIs they ana-

lyzed are coarse-grained and compact, hence probably crystallized from melts. This is

different from the CAIs reported here, especially some of them have even less refractory

forsterite rims. Figures 2d and 3d show inclusions with olivine layer. Forsterite
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accretionary rims have been reported around CAIs in many other CV3, too (e.g. Allende,

Efremovka, Ningqiang) (Lin et al. 1999).

4.3 Alteration of CAIs

Most CAIs in the two carbonaceous chondrites are heavily altered, as indicated by the

presence of abundant fine-grained secondary minerals. Only a few small grains of melilite

were found in the CAIs, whereas melilite is typically one of the most common minerals in

CAIs in other carbonaceous chondrites. The lack of melilite and presence of fine-grained

secondary minerals, such as feldspathoids in the CV3, and phyllosilicates in CM2 are

results of intense alteration, with melilite reacted with gaseous and\or aqueous phases to

produce the fine-grained phases. Ca-pyroxene and spinel are much more resistant to al-

teration, hence remained.

Although the two meteorites were collected from Antarctica and experienced some

terrestrial weathering, alteration of the CAIs cannot be results of the weathering. It is

noticed that alteration products of the CAIs are different from meteorite to meteorite. As

described above, most CAIs in GRV 050179 contain fine-grained and needle-shaped

phyllosilicates in the cores, which are typical aqueous alteration products and are common

in CM carbonaceous chondrites (Lee and Greenwood 1994). In contrast, phyllosilicates

were not observed in CAIs in GRV 023155. Instead, feldspathoids and hedenbergite were

identified, which is similar to CV carbonaceous chondrites (MacPherson and Grossman

1984; Lin et al. 2006). If the alteration of CAIs took place after the fall of the meteorites,

phyllosilicates would have been found in CAIs of GRV 023155. Another line of evidence

against terrestrial weathering is the distinct FeO contents of spinel in GRV 050179. Spinel

grains in GRV 023155 are significantly enriched in FeO in comparison with those in GRV

050179. The high FeO contents of spinel indicate alteration of the CAIs in GRV 023155

happened under high oxygen fugacity (Kimura et al. 2002; Lin and Kimura 2003; Dai et al.

2004). This is similar to the common occurrence of FeO-rich spinel in altered CAIs from

oxidized subgroups of CV3 chondrites (Kornacki and Wood 1985) and ordinary chondrites

(Kimura et al. 2002). Terrestrial weathering does not produce such a systematic difference

between the two Antarctic meteorites.

Where and when the alteration took place is a controversial issue. Very low abundances

or absence of extinct radionuclides (e.g. 26Al) in the alteration products of CAIs suggests

that the secondary processes took place[5 Ma after the earliest CAI formation (Huss et al.

2001). Such a long interval points to an asteroidal origin of the alteration, because it is too

long for residence in the solar nebula. The recent discovery of significant 36Cl (half life of

0.3 Ma) in sodalite in alteration assemblages of a Ningqiang CAI (Lin et al. 2005) suggests

that CAI alteration could have took place as early as*2 Ma, hence probably in the nebula.

Another evidence for a nebular origin of the alteration is very high heterogeneity of CAI

alteration in some carbonaceous chondrites. However, phyllosilicates are commonly found

in the alteration assemblages of CAIs, chondrules and matrix in the GRV 050179 CM

chondrites, suggesting aqueous reactions probably occurred in the parent body.

4.4 Type Distribution Patterns of CAIs

The most extensively studied CAIs in CV chondrites, especially in Allende, are coarse-

grained inclusions, such as Types B, C and compact Type A. This gave an impression of

high abundances of the coarse-grained inclusions in these meteorites. The coarse-grained

CAIs are usually millimeter- or centimeter-sized, so they can be easily recognized. In
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contrast, hibonite-rich inclusions are the most intensely studied CAIs in CM chondrites

(Ireland 1988), because hibonite is one of the earliest condensates and its typical blue color

can be easily recognized. However, it is obvious that the two GRV meteorites in this paper

contain similar CAIs. The two predominant petrographic types of CAIs are Type A and

spinel-pyroxene rich inclusions.

A survey of CAIs in the ordinary chondrites, carbonaceous chondrites, enstatite chon-

drites, together with the paper, our previous data and literature, suggests that Type A (or

A-like) and spinel-pyroxene inclusions are the common petrographic types in all chondrites

summarized in Table 3.

It is also noticed that relative abundance ratios between Type A (or A-like) and spinel-

pyroxene inclusions may vary among chondrites (Table 3). The variation may partly be

due to assignment of the petrographic types, because they are continuous in both pet-

rography and bulk compositions (Lin and Kimura 2003). CH chondrites contain more

hibonite and/or grossite-rich inclusions. Krot et al. (2006) reported 23 hibonite/grossite-

rich inclusions out of 50 refractory inclusions in NWA 739 (CH). The unique carbonaceous

chondrite Acfer 094 also has a high abundance of hibonite/grossite-rich inclusions, with 19

out of 132 inclusions (Krot et al. 2004). Hibonite/grossite-bearing, Type A and spinel-

pyroxene inclusions represent continuous condensate assemblages of the solar nebula from

high to low temperature, because their bulk compositions in Ningqiang follow the con-

densation trajectory of the solar nebula (Stolper 1982; Lin and Kimura 2003; Lin et al.

2006).

5 Conclusions

Two new carbonaceous chondrites from Grove Mountains, Antarctica, were classified as

CV3 (GRV 023155) and CM2 (GRV 050179), respectively. Based on the intense alteration

of the CAIs and the FeO-enrichment of spinel in GRV 023155, this meteorite is further

classified as oxidized subgroup of CV3.

A total number of 9 CAIs have been found in thin sections of the two carbonaceous

chondrites. Most of them have been extensively altered. CAIs in GRV 050179 commonly

contain phyllosilicates, similar to those in other CM2 chondrites; spinel in CAIs from GRV

023155 is FeO-rich, distinct from the FeO-poor spinel in the GRV 050179 CAIs. The

similarity of distinct alteration assemblages with chemical groups of the host meteorites

excludes the possibility of terrestrial weathering of the CAIs. Phyllosilicates are commonly

found in the alteration assemblages of CAIs, chondrules and matrix in the GRV 050179

CM2 chondrites, suggesting aqueous reactions in the parent body. FeO-rich spinels in the

CAIs from GRV 023155 CV3 chondrites indicates alteration of these CAIs happened under

high oxygen fugacity.

All of the CAIs are classified as Type A and spinel-pyroxene rich, respectively. These

CAIs represent continuous gas–solid condensate assemblages, supporting the previous

work by Lin and Kimura (2003).

The survey of CAIs in GRV 023155 (CV3), 050179(CM2) and other various chemical

groups chondrites, suggests that Type A and spinel-pyroxene inclusions are common in

these two meteorites.
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