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Introduction: The short-lived radionuclide 53Mn, 
which decays to 53Cr with a half life of 3.7 Myr, was 
present in the early Solar System [e.g., 1-8]. If a 
system that formed with live 53Mn has remained 
undisturbed until the present, and the formation event 
produced minerals with different 55Mn/52Cr ratios, then 
the initial isotopic ratio (53Mn/55Mn)0 can be obtained 
from excesses of radiogenic 53Cr (53Cr*) that correlate 
with the 55Mn/52Cr ratios. Assuming a homogeneous 
distribution of 53Mn in the meteorite-forming regions, 
the obtained (53Mn/55Mn)0 ratios of meteorite samples 
give the relative formation times.  

Previous measurements of 53Mn-53Cr system in 
pallasites have produced confusing results. Measure-
ments of Mn-rich phosphates and zoning profiles in 
olivine using secondary ion mass spectrometry (SIMS) 
have given (53Mn/55Mn)0 ~ 10-5 [4,5], whereas 
measurements of olivine by thermal ionization mass 
spectrometry (TIMS) have given (53Mn/55Mn)0 ~ 10-6 
[1-3]. The SIMS results reported by [4,5] were 
acquired with Cameca ims 3f ion microprobes and had 
relatively large uncertainties, particularly for the 
olivine data. The improved sensitivity of the Cameca 
ims 6f ion probe at Arizona State University [9] and 
especially of the Cameca ims 1280 at the University of 
Hawai’i prompted us to revisit the 53Mn-53Cr 
systematics of pallasites. We have collected data for 
olivine in pallasites using these instruments. 

Samples and Experiments: Olivines in potted-
butt and thin-section samples of the main group 
pallasites Imilac and Springwater were measured for 
chromium isotopic composition and 55Mn/52Cr ratio by 
SIMS. A ~2-3 nA primary O- beam, accelerated to 13 
keV was focused to ~15 µm and rastered over a 10×10 
µm area of analyzed samples. The secondary ion mass 
spectrometer was operated at 10 keV at the mass 
resolving power of m/∆m > 6000 with 50 eV energy 
window, allowing to resolve 53Cr- from 52CrH-. 51V-, 
52Cr-, 53Cr-, 55Mn-, and occasionally, 47Ti-, 49Ti- and 
50Cr- were counted by a single electron multiplier. 
Obtained data were corrected for instrumental effects 
using terrestrial olivines. No internal mass fraction-
ation correction for Cr isotopes was applied because 
50Cr- has interferences from 49TiH-, 50Ti- and 50V- that 
could not be corrected with sufficient accuracy due to 
the low count rates of 47Ti-, 49Ti- and 51V-. Repeated 
analyses of terrestrial olivines during the course of 
experiments yielded a weighted mean of 53Cr/52Cr ratio 
as 0.112618 ± 0.000044 (n = 25, 2σ error), indicating 

an instrumental mass fractionation of 6.8‰ favoring 
lighter Cr isotopes. 53Cr* are calculated directly from 
measurements of unknown samples and standard as 
δ53Cr* ≡ 1000 × {(53Cr/52Cr)unk / (53Cr/52Cr)std - 1}. The 
sensitivity factor for correcting 55Mn/52Cr ratios was 
determined by measuring San Carlos and San Marcos 
olivines. 

Results: Imilac is a typical main group pallasite 
with sub-rounded olivines (Fa~12). Springwater is a 
main group pallasite with olivine of anomalous 
composition (Fa~18). Previous workers have reported 
53Cr* correlating with 55Mn/52Cr ratio in Springwater 
phosphates and olivine [4,5]. In our study, the highest 
55Mn/52Cr ratios measured in olivines from Imilac and 
Springwater were ~20 and ~50, respectively; these 
ratios vary from grain to grain and from spot to spot in 
the same grain (Fig. 1a). Higher 55Mn/52Cr ratios were 
mainly obtained from spots near the edges of olivine 
grains, reflecting decrease of Cr content towards their 
peripheries. We found no clear 53Cr* in olivines from 
either Imilac or Springwater (Fig. 1a).  

In order to make sure that we were not making an 
analytical mistake in measuring the pallasite olivines, 
we also measured Mn-Cr systematics of coarse-
grained fayalite (Fa>90) replacing magnetite in a Type I 
chondrule from the CV3 chondrite Kaba. Coarse-
grained fayalites in the oxidized CV3 chondrites Kaba 
and Mokoia are known to have 53Cr* correlated with 
55Mn/52Cr ratio [7,8], and appear to have formed 
during aqueous alteration in an asteroidal setting. The 
four point analyses of the Kaba fayalite yielded 
55Mn/52Cr ratio up to ~4500 and 53Cr* up to ~90‰ 
(Fig. 2). 53Cr* are correlated with 55Mn/52Cr; the 
inferred (53Mn/55Mn)0 = (2.33 ± 0.43) × 10-6 is consist-
ent with the literature data [(2.07 ± 0.17) × 10-6; 7].  

Discussion: Pallasites, stony-iron meteorites 
consisting of roughly equal volumes of olivine and Fe-
Ni metal, are widely believed to have formed at the 
interface of the metallic core and peridotitic mantle in 
differentiated asteroids [e.g., 10]. 

We found no 53Cr* in olivines from the main group 
pallasites, Springwater and Imilac. Our previous study 
using Cameca ims 6f at ASU [9] also failed to obtain 
the detectable 53Cr* in the main group pallasites Albin 
and Brahin (Fig. 1b). The high (53Mn/55Mn)0 ~ 10-5 

reported in previous SIMS studies [4,5] compared to 
(53Mn/55Mn)0 ~ 10-6 inferred from TIMS studies [1-3] 
has been problematic, because this requires very early 
and very fast cooling of the main group pallasite 
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parent body. The lower values from the TIMS studies 
are easier to understand, but we cannot confirm them 
in this study. 

Pallasites also show isotopic anomalies derived 
from other short-lived radionuclides. Small “deficits” 
in intercepts of isochron diagrams for 182Hf-182W (t1/2 = 
8.9 Myr) and 26Al-26Mg (t1/2 = 0.73 Myr) are sensitive 
to the chemical fractionation on the parent body. 
Recent high-precision analyses showed that the 
differentiation ages of some pallasite parent bodies are 
similar to chondrule formation ages [11,12], 
suggesting that pallasite parent bodies must have 
accreted and differentiated very early. The 53Mn-53Cr 
ages of pallasites reflect the time when the parent body 
cooled below the temperature when diffusion of Mn 
and Cr ceased. Our new 53Mn-53Cr isotopic data and 
the earlier TIMS data [1-3] indicate that this cooling 
took place ≤ ~10 Myr after chondrule formation [6], 
implying cooling rates ~102 °C/Myr. Cooling rates for 
pallasites in the temperature range of 1100-600 °C 
have been estimated from element concentrations 
profiles in the olivines [13,14]. Rapid cooling 
(~106 °C/Myr) is indicated by simple diffusion 
modeling [13], but detailed investigation shows that 
the profiles do not exhibit simple behavior, and that 
cooling rates were likely considerably slower [14-16]. 
Even with the slower rates there appears to be a 
discrepancy between cooling rates estimated from 
olivine zoning and those from metallography [14-17]. 
Better thermodynamic data for metal and olivine and 
improved modeling should help to reconcile these 
differences.  

Thermal histories of pallasites still have 
considerable uncertainties but the histories inferred 
from different techniques appear to be converging. 
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Fig. 1. The 53Mn-53Cr systematics of olivines in 
pallasites. Error bars are 2σ. a) Imilac and Springwater, 
this study. Dashed and dash-dotted lines are slopes 
corresponding to (53Mn/55Mn)0 = 10-5 and 10-6, 
respectively. b) Albin and Brahin; data from [9]. 
Dashed line shows the slope corresponding to 
(53Mn/55Mn)0 = 1.5 × 10-5 determined for Albin by [5]. 
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Fig. 2. The 53Mn-53Cr systematics of fayalite (3 points 
in the right) and Mg-rich olivine (far left) in CV3 
chondrite, Kaba. The initial (53Mn/55Mn)0 ratio of (2.33 
± 0.43) × 10-6 is consistent with [7]. 
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