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Introduction:  Antarctic carbonaceous chondrite 

GRO 95577 has been classified as the first CR1 mete-
orite [1]. Like CM1 chondrites, CR1 chondrites 
represent the most extreme examples of aqueous alte-
ration observed in the group, and may represent pro-
longed aqueous fluid activity in their asteroidal parent 
body. Here, we present data on the petrography and 
composition of secondary carbonates in GRO 95577 as 
well as preliminary NanoSIMS results for the Mn-Cr 
systematics for carbonates in this meteorite. This is the 
first time that the short-lived radionuclide 53Mn/53Cr 
chronometer. has been applied to study carbonates in a 
CR1 chondrite.   

 

 
 
 

 
Petrography:  Weisberg and Huber (2007) identi-

fied minor dark inclusions in their analyzed sample 
(GRO 95577, 11) [1]. We examined two additional 
samples procured from Johnsom Space Center. Dark 
lithology (DL) is predominant over the entire 1.1 cm2 
thin section of GRO 95577, 52 and over ~⅓ the area of 
GRO 95577, 30 (1.1 cm2). Al Rais, a very altered CR2, 
is described as possessing the largest percentage of DL 
(25.8%) [2]. Initial analysis of these two samples sug-
gests that the DL is even more prevalent than Al Rais. 
In these thin sections, the DL lithology is characterized 
by a low abundance of chondrules (all highly altered) 
and abundant fine-grained carbonate, distributed ho-
mogeneously throughout the fine-grained matrix. This 
higher abundance and distribution of carbonate is quite 
distinct from the adjacent CR1 lithology. 

We characterized three different carbonate phases 
coexisting within GRO 95577, 52 DL using electron 
probe microanalysis: 1) Ca carbonate, probably calcite; 
2) a high Fe, Mn, and Mg carbonate; and 3) dolomite. 
A BSE SEM image illustrating the textural characteris-
tics of these carbonates is shown in Figure 1.  Calcite 
is dominant and forms stringy 10-30 μm grains 
throughout the DL. Additionally, we have found very 
rare blocky dolomite (1-5μm diameter) and common 
“siderite” (1-10 μm diameter, cations: 50-60% Fe, 15-
30% Mn, 20-25% Mg). The highest previous concen-
tration of Mn found within CR2 carbonates was re-
ported from a dark lithology in in Renazzo and contain 
5.6 mole% MnCO3 [2]. The occurrence of siderite in 
GRO 95577 appears to be unique in CR chondrites. 
Rare breunnerite was reported in dark inclusions in 
Acfer 059/El Djouf 001, but its composition was very 
different from the carbonate in GRO 95577 [3]. Fig. 2 
is an Fe-Mg-Mn ternary mole-percent diagram that 
summarizes the range of compositions of this unusual 
carbonate. 
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Isotopic Analyses:  The 53Mn-53Cr isotope abun-

dances in “siderite” were analyzed using the Lawrence 
Livermore National Laboratory Cameca NanoSIMS 
50. An ~70 pA primary O¯ beam was rastered over 
areas between 25×25 μm and 30×30 μm in size to pro-
duce quantitative secondary ion images. We subdi-
vided each ion image into three regions based on cal-
culated 55Mn/52Cr ratio. Positive secondary ions were 
acquired in a combined peak jumping, multi-collection 

Figure 1. SEM BSE image  showing three carbonate types, 
where c = calcite, d = dolomite, & s = siderite 
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Figure 2. Ternary diagram outlining composition of siderite 
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mode, simultaneously measuring 25Mg+, 28Si+, 44Ca+, 
52Cr+, and 55Mn+, and subsequently stepping the mag-
netic field to measure 53Cr+ and 56Fe+. The secondary 
ion intensities were corrected for background and 
counting system dead time. Measured 55Mn/53Cr ion 
ratios were converted to atomic ratios using a relative 
sensitivity factor 0.91 which was determined from re-
peated measurements of San Carlos olivine. A mass 
resolving power of ~3600 was used in order to elimi-
nate potential interferences.  

We measured the 53Mn-53Cr isotope abundances of 
three “siderite” grains from GRO 95577.  The Cr iso-
topic composition of all grains are indistinguishable 
from that of the terrestrial standards (Fig. 3).  The up-
per limit for 53Mn/55Mno at the time the siderite formed 
is 53Mn/55Mn = < 8.4x10-8 based on the 2σ upper 
bound to the slope of a line fitted to the data and forced 
through the origin.   

 

 
 
 
 
Discussion: Carbonate mineralogy is complex 

within GRO 95577, implying  that multiple genera-
tions of carbonate were produced under varying geo-
chemical conditions. The analyzed carbonates are par-
ticularly high in Mn, which should have produced high 
resolution Mn/Cr ages if the carbonates crystallized in 
the range typical for CI1 and CM1 meteorites. 

However, the Mn-Cr results for the siderite grains 
show a slope close to unity which indicates little, if 
any, 53Cr*. The upper bound of the error, if one uses 
the standard LEW 86010 angrite Mn/Cr systematics as 
an absolute age marker, gives 4543 Ma as the oldest 
possible age, ~14 Myr younger than the LEW 86010 
crystallization age.  This indicates that at least some 
carbonates formed in the CR parent body after the con-
centration of 53Mn had decayed below our detection 
limits or that chromium was somehow mobile. More 
analyses are needed, but the Mn/Cr systematics within 
“siderite” implies that liquid water was active in one 
CR parent body for an extended period. The absence of 

compelling evidence for live 53Mn in these carbonates 
indicates that aqueous activity on the CR parent body 
occurred for even more extended periods of time than 
observed for the CI chondrites [3]. 
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Figure 3. 53Cr/52Cr vs. 53Mn/52Cr ratios in GRO 95577. 
Three carbonate grains are included in the analysis. 
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