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Introduction:  Aqueously altered carbonaceous 

chondrites have secondary phases such as carbonates 

and phillosilicates. Carbonates often contain relatively 

abundant Mn contents so that they are suitable for 
53

Mn-
53

Cr dating (half life: 3.7 Myr). Previous studies 

reported Mn-Cr systematics of carbonates in CI [e.g. 1] 

and CM chondrites [e.g. 2] obtained by Secondary Ion 

Mass Spectrometry (SIMS), indicating in-situ decay of 
53

Mn. However, using the angrite LEW 86010 as a 

time anchor [3, 4], these data suggest that the onset of 

carbonate formation in CM chondrites predates that of 

CAIs [5, 6], which is inconsistent with a commonly 

accepted view of carbonate formation.  

Here, we report Mn-Cr ages of carbonates in two 

CM chondrites; Murchison (CM2.5) and ALH 83100 

(CM 2.1), using a newly determined Mn
+
/Cr

+
 relative 

sensitivity factor for a synthetic calcite standard [7]. 

The two CM chondrites show different degree of 

aqueous alteration [8]. This makes it possible to deter-

mine minimum duration of alteration and see whether 

ages correlate with degree of aqueous alteration. 

Experimental:  Chemical compositions of carbo-

nates in both Murchison and ALH 83100 were ana-

lyzed using SEM (BSE and CL) techniques.  In Mur-

chison, a dominant carbonate is calcite (CaCO3) dis-

persed throughout the meteorite matrix. Mn is detecta-

ble in some but not all crystals and shows evidence of 

zoning based on CL characteristics and ion images 

obtained by a NanoSIMS (Fig. 1). The bright CL rims 

have elevated Mn contents (up to ~0.68 wt.%) and 

were analyzed for Mn-Cr dating by the NanoSIMS. 

The lower CL intensity cores generally show lower Mn 

contents and are not suitable for Mn-Cr dating.  ALH 

83100 contains calcite as well as dolomite 

(CaMg(CO3)2). Dolomites in ALH 83100 contain rela-

tively abundant Mn contents (up to ~1.8 wt.%) and 

were analyzed for Mn-Cr dating. Carbonates in both 

Murchison and ALH 83100 have low Cr contents 

which are below the detection limit. 

The Cr isotopic and 
55

Mn/
52

Cr ratio of the synthetic 

calcite standard and carbonate grains in  two CM 

chondrites were obtained using a NanoSIMS 50 ion 

microprobe installed at Ocean Research Institute, the 

Univ. of Tokyo.  

 

 
 

Measurement conditions of both the standard and the 

meteoritic carbonates were kept identical and the de-

tails are described in [7].
43

Ca
+
, 

52
Cr

+
, 

53
Cr

+
 and 

55
Mn

+
 

ions were collected in a combined peak jumping/multi 

detection mode using a focused (~5 m) primary O
-
 

beam of ~1 nA. A primary beam of ~ 20 pA was used 

to obtain secondary ion images. The counting errors of 
53

Cr/
52

Cr ratios for the standard (typically ~3 ‰ (2)) 

were much smaller than counting errors of 
53

Cr/
52

Cr 

ratios and observed 
53

Cr excesses for the meteoritic 

carbonates. Because the Mn
+
/Cr

+
 relative sensitivity 

factor for the synthetic calcite was time dependent [7], 

Mn/Cr atomic ratios for the meteoritic carbonates were 

calibrated considering this time dependence. The stan-

dard deviation of the Mn
+
/Cr

+
 relative sensitivity factor 

for the calcite standard was typically 6 %, which 

was applied to errors of 
55

Mn/
52

Cr atomic ratios for the 

meteoritic carbonates unless counting errors were larg-

er than it. Count rates for the meteoritic carbonates 

were corrected for dynamic background (measured by 

applying a –10 V offset relative to the peak center on 

the deflection plates in front of the EMs) and dead time 

of ~44 ns. The background was found to be ~ 0.02 cps; 

at least one order of magnitude lower than observed 
53

Cr count rates. 
53

Cr/
52

Cr ratios of the meteoritic car-

bonates were represented as permil deviations (
53

Cr) 

from those obtained for the standard (0.1103 ± 0.0001 

(2)). 

Results and Discussion:  Cr isotopic and 
55

Mn/
52

Cr ratios for carbonates in Murchison and ALH 

83100 are shown in isochron diagrams (Fig. 2). Errors 

are 2.  

Figure 1: Calcite grain in 

Murchison. (upper left) BEI 

image. (upper right) CL im-

age. (lower left) 
55

Mn
+ 

ion 

image obtained by the Nano-

SIMS.  Some grains have 

compositional zoning.  
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Figure 2: Isochron diagrams for calcites in Murchison 

and dolomites in ALH 83100. 
53

Cr/
52

Cr ratios are 

represented as permil deviations (
53

Cr). Errors are 2. 

 

Data for Murchison and ALH 83100 consist of 5 

and 6 grains, respectively (if possible, multiple analys-

es at different spots were performed in a single grain). 
53

Cr/
52

Cr ratios for both Murchison and ALH 83100 

showed resolvable excesses with the highest value of 

~600 ‰ and ~800 ‰, respectively. 
55

Mn/
52

Cr ratios for 

ALH 83100 were higher (up to ~ 30,000) than those of 

the previous study for the same meteorite [9], due to 

the lower Mn
+
/Cr

+
 relative sensitivity factor than that 

of olivine (used in [9]) and the fine beam size of the 

NanoSIMS. Because abundances of Mn and Cr in 

Murchison were lower than those in ALH 83100, er-

rors of the data for Murchison were larger than those 

for ALH 83100. 
53

Cr values were clearly correlated 

with 
55

Mn/
52

Cr ratios, indicating in-situ decay of 
53

Mn. 

The initial 
53

Mn/
55

Mn ratios, (
53

Mn/
55

Mn)0, were esti-

mated from the slopes of the isochrons using the York 

fit program and were found to be (2.7 ± 0.8) x 10
-6

 for 

Murchison and (2.8 ± 0.4) x 10
-6 

for ALH 83100. As-

suming homogeneous distribution of 
53

Mn in the early 

solar system and using the age anchor of LEW 86010, 

these initial ratios correspond to absolute ages of 

4562.6
 

(+1.4/-1.9) Ma for Murchison and 4562.9 

(+0.7/-0.9) Ma for ALH 83100. This means the carbo-

nate formation occurred ~4-5 Myr after the formation 

of CAIs. 

The absolute age of the dolomite formation in ALH 

83100 obtained in this study is slightly younger than 

that of the previous study [9]. This difference is likely 

caused by a systematic error of the Mn
+
/Cr

+
 relative 

sensitive factor. Similarly, ages reported earlier may 

have the same systematic errors. This younger age sug-

gests that aqueous alteration took place in asteroids 

(rather than in the solar nebula or in small planetesim-

als prior to the formation of chondrite parent bodies).  

These results also imply that age difference (up to 

~2 Myr) between the two CM chondrites with different 

degree of aqueous alteration is smaller than proposed 

earlier (at least 4 Myr) [9]. If the ages correlate with 

degree of aqueous alteration, results in this study indi-

cate duration of alteration is relatively short. However, 

the possibility that degree of aqueous alteration has no 

relationship to ages of the carbonate formation cannot 

be ruled out at this time. 

A model calculation dealing with the flow of liquid 

water, conductive heat flow, oxygen isotope exchange  

between rock and liquid water, and progress of a model 

mineralogical reaction was performed earlier [10]. Ac-

cording to the model, a small icy planetesimal with a 

radius of 9 km which accretes 1.6 Myr after the forma-

tion of CAIs experiences aqueous alteration within the 

first several hundred thousand years of heating. Such a 

rapid evolution of a planetesimal is inconsistent with 

our age data of the carbonate formation. Therefore, if 

aqueous alteration in CM chondrites took place ~4-5 

Myr after the formation of CAIs, we favor a relatively 

large body as the setting where aqueous alteration in 

CM chondrites occurred. 
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