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Introduction:  It is well-known that aqueous al-

teration occurred on the CM parent-body and that this 
process resulted in the formation of secondary phases 
such as carbonates, phyllosilicates, sulfides, sulfates, 
oxides, and hydroxides [1, 2]. Little is known about 
the timescale and location of these alteration proc-
esses. It is important to determine where and especially 
when and for how long the alteration took place. There 
is increasing evidence of a wide range of degrees of 
CM aqueous alteration. Rubin et al. [3] proposed a 
new alteration sequence that correlates with all of the 
major mineralogic and textural characteristics that 
change with progeressive alteration. They assigned 
petrologic subtypes ranging from 2.6 for the least-
altered samples to 2.0 for the most highly altered CM 
chondrites. Alteration products such as carbonates can 
potentially provide a record of the timing of aqueous 
alteration on the parent-body. It is possible that the 
timescale of alteration is comparable to the half-life of 
53Mn (3.7 Ma) and that the degree of aqueous altera-
tion is correlated with the age of carbonate formation.  

Observations: In the new classification scheme of 
[3] for CM chondrites, QUE 93005 and Y 791198 are 
CM2.1 and CM2.4, respectively. The less-altered CM 
chondrite Y 791198 contains only calcite and/or ara-
gonite (CaCO3) in the fine-grained matrix, whereas the 
highly altered QUE 93005 chondrite contains both 
calcite/aragonite and dolomite (CaMg(CO3)2) grains. 
Calcite in Y 791198 occurs as single crystals and as 
irregularly shaped aggregates up to 80 µm in size. Cal-
cite grains and aggregates in QUE 93005 range be-
tween 50 and 100 µm. Dolomite in this sample occurs 
as single crystals within the matrix and in rare cases as 
single grains within larger calcite grains. In general, 
dolomite grains are smaller and range between 10 and 
30 µm.  

Electron-probe analyses for both samples showed 
elevated Mn contents in several carbonate grains, indi-
cating their suitability for Mn-Cr isotopic studies. Mn 
contents in calcite from Y 791198 range between 0.11 
and 0.93 wt.%. EMPA in QUE 93005 showed that Mn 
contents in the dolomite grains are much higher than in 
the co-existing calcite grains. Mn contents range from 
0.05 to 1.1 wt.% in calcite and from 1.8 to 5.0 wt.% in 
dolomite. In both CM samples, Cr contents in the sec-

ondary carbonates are below the detection limit of the 
electron probe. 
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Figure 1: Backscattered electron images for typical 
grains of calcite (a) and dolomite (b) in QUE 93005 
and for typical calcite grains in Y 791198 (c-d).  
 

Results: Isotopic analyses were carried out on the 
high-resolution ims 1270 ion microprobe at UCLA. 
For our measurements, we used a 16O- primary beam, 
accelerated to 12.5 keV, to generate positive secondary 
ions. The secondary voltage was set to 10 kV with a 50 
eV energy window. The mass resolving power was 
~4000 and the beam size was approximately 10 µm. 
We used San Carlos olivine as our standard. 55Mn/52Cr 
ratios were calculated from 55Mn+/52Cr+ using the sen-
sitivity factor determined from San Carlos olivine 
(Mn/Cr = 10.93 [4]). Deviations in 53Cr/52Cr ratios are 
reported as δ53Cr (‰). 

We determined Mn-Cr systematics for a subset of 
11 out of more than 60 characterized carbonates from 
the CM chondrite QUE 93005. We obtained replicate 
analyses on nine carbonate grains, getting a total of 22 
measurements. Ten of the 22 measurements show ex-
cesses in δ53Cr with the highest excess of ~1100‰, 
corresponding to a Mn/Cr ratio of more than 30,000. 
The 53Cr excesses in QUE 93005 are linearly corre-
lated with the 53Mn/55Mn ratio, indicating the in-situ 
decay of 53Mn at the time of carbonate formation. The 
slope of the correlation line, determined by a weighted 
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least-squares fit, corresponds to an initial 53Mn/55Mn 
ratio of (4.1 ± 0.3) × 10-6 (Fig. 2). 

-100

100

300

500

700

900

1100

1300

0

δ53
C

r

data-point error crosses are 2σ

-100

0

100

200

0

δ53
C

r

 
Figure 2: 
QUE 9300
ratio are p
view of th
shown (bo

 
Future

strain the 
parent bod
systematic
the high-r
sample wa
ims 3f ion
line corres
1.5) × 10-

chondrites
entially of
ble that di
within the
[7] and ou
samples h
results imp
correlated 
alteration 

the CM parent body. Additional measurements of al-
teration phases in CM chondrites are needed in order 
to constrain the timeframe in which aqueous alteration 
occurred on the CM parent body. 
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