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Introduction:  Meteorites, especially carbonaceous 

chondrites, represent the most primitive objects in our 

solar system. Hence, they preserve records of early solar 

system processes, especially in their refractory inclu-

sions. Such inclusions are thought to preserve nebular 

gas condensation of nebular gas of nearly solar compo-

sition [1], whereby refractory elements such as calcium, 

aluminum, and titanium combined with other lithophile 

elements form a sequence of solid minerals. 

Here, we report preliminary textural and composi-

tional data for a polished thin section of the newly re-

covered carbonaceous chondrite from Amundsen Glac-

ier (AMU 17290). Despite extensive aqueous alteration, 

indicated by abundant phyllosilicates throughout the 

meteorite, we have identified refractory minerals such 

as hibonite and perovskite that constitute the first report 

of Ca-Al-rich inclusions (CAIs) in this meteorite. 

 

 
Figure 1: Scanning Electron Microscopy backscattered elec-
tron image mosaic of Amundsen meteorite (AMU17290). Note 
a large fayalitic olivine (white rectangle) and the high matrix 
to chondrule ratio in this sample. 
 

Materials and Methods: AMU 17290 was recov-

ered by the Antarctic Search for Meteorites (ANSMET) 

expedition in the 2017-2018 season. This is the only me-

teorite that has been recovered to date from the Amund-

sen Glacier in Antarctica. It is a CM2 carbonaceous 

chondrite [2]. So far, 534 CM2 carbonaceous chondrites 

are listed in the Meteoritical Βulletin database, some of 

them paired. We carefully examined polished section 

AMU 17290 #9 for petrographic relations and mineral 

chemistry. We have used (to date) reflected light mi-

croscopy at the Agricultural University of Athens 

(AUA) and Scanning Electron Microscopy (JEOL JSM-

IT300LV) at the American School of Classical Studies 

at Athens. Electron microprobe analysis at AUA is in 

progress. 

Petrography: Carbonaceous matrix makes up over 

70% of the section, with most of the balance being 

~300-400 μm chondrules. Many chondrules are either 

partially or fully surrounded by fine-grained accretion-

ary rims. Only a few chondrules retain rounded shapes; 

most occur as broken fragments. There is one isolated, 

large (~1 mm in diameter), equant, relatively fayalitic 

olivine (Fo75) crystal, surrounded by a thick rim of phyl-

losilicates (Fig. 1). The chondrules are silicate-domi-

nated, composed mainly of olivine and clinopyroxene. 

The inter-chondrule matrix contains assemblages of re-

fractory oxide-dominated minerals; we did not observe 

CAI material within the chondrule fragments. The ob-

served CAIs are classified as fluffy type A and spinel-

pyroxene-rich, which are common in CM2 carbona-

ceous chondrites [3]. Although the fluffy type A defini-

tion typically requires the presence of melilite, here (as 

in some other CM2 chondrites from Antarctica, such as 

GRV 050179) heavy alteration may have removed meli-

lite [4]. We have observed mainly two different types of 

CAIs (Fig. 2). The first one is hibonite-bearing (Fig. 2a), 

and the second is perovskite-bearing (Fig. 2d,e,f). In one 

irregular CAI, we observe coexisting hibonite and per-

ovskite crystals (Fig. 2b). Both perovskite and hibonite 

are in contact with spinel, but there are no particular tex-

tural indicators of the sequence of mineral growth (Fig. 

2f). We identified gypsum (Fig. 2d) in an olivine-rich 

and Cr-spinel nodule, and calcite in a well-rounded per-

ovskite-rich CAI (Fig. 2e); both, we presume are prod-

ucts of parent-body aqueous alteration.  

CAI Formation: In general, CAIs respresent re-

mants of solar nebula condensates. The prevailing view 

favours their formation at low pressure (≤10-3 bar) and 

high temperature (>1300 K). In AMU 17290 we observe 
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a CAI with coexisting hibonite and perovskite, while co-

rundum is absent. In a “condensation with partial isola-

tion” (CWPI) scenario (in the literature this is also 

known as the “fractional condensation” model [5]), this 

phase assemblage indicates a temperature lower than the 

corundum-out univariant line, ~1751 K at 10-3 bar (Fig. 

3 and in [6]). Above 10-3 bar in the solar composition, 

CWPI predicts that hibonite should form first, followed 

by perovskite (Fig. 3).  

 

 
Figure 2. (a) Irregularly shaped CAI with hibonite. (b) 

Irregularly shaped CAI with both hibonite and perovskite. (c) 

Broken fragment of spinel-rich nodule with perovskite 

inclusions. (d) Olivine-rich nodule with cr-spinel showing 

alteration indicated by gypsum and phyllosilicates. (e) Spinel-

type rounded nodule (200 μm wide) with perovskite inclusions 

and calcite. The nodule is also surrounded by a fine-grained 

rim. (f) Enlarged area of (e). 

 

At lower pressure, corundum is expected to be the 

first phase, but failure of corundum to nucleate may 

cause deviation from the predicted equilibrium se-

quence, allowing formation of corundum-free inclu-

sions at pressure below 10–3 bar [6]. Melilite enters next, 

followed by spinel at a lower temperature, ~1430 Κ. At 

pressure below 6×10-7 bar, spinel does not form at all 

[6]. An alternative model scenario consistent with the 

observed relations is simultaneous or nearly simultane-

ous formation of hibonite and perovskite at gas pressure 

~10-7 bar and temperature ~1400 K followed by pres-

sure increase to reach the stability field of spinel.  

 
Figure 3. Temperature (in K) vs log pressure (in bars) 

showing the mineral stability for the case of condensation 

from a gas of solar composition from Petaev and Wood [4]. 

 

AMU 17290 is the first meteorite recovered from 

Amundsen Glacier. Despite extensive aqueous altera-

tion it retains some intact CAIs. However, in our pre-

liminary study, we have not yet observed any melilite. 

Thus possible hypotheses at this point, include: (1) meli-

lite may not have formed because it failed to nucleate 

before spinel sequestered the available Al remaining af-

ter hibonite formation, (2) melilite and other phases may 

have condensed as separate objects, (3) melilite may 

have formed but subsequently been consumed by a 

peritectic reaction with vapor to form spinel, (4) melilite 

may have formed but subsequently was entirely re-

placed/removed during aqueous alteration, and (5) meli-

lite is still present but we have not sampled it yet. Con-

tinued study is under way to explore these possibilities. 
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