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Introduction:  Recent paleomagnetic studies have 

revealed the presence of ancient magnetic fields on the 
CV carbonaceous chondrite parent body [1]. These 
magnetic fields are proposed to originate from core 
dynamos operating on partially differentiated chon-
dritic bodies [2]. This model implies that achondrites 
or iron meteorites from the same parent body as CV 
chondrites should exist, and a number of plausible 
candidates have been proposed, including the enig-
matic Eagle Station (ES) pallasites [1, 3]. The ES trio 
includes three meteorites (Eagle Station, Cold Bay, 
Itzawisis) that are distinct from main group (MG) pal-
lasites by having low Δ17O [4], more ferroan olivine 
(Fa19-20, compared with Fa11-13), and higher Ni and Ir 
contents in their metal [5-6]. Oxygen isotopes [4] and 
Cr isotopes provide tentative links between ES palla-
sites and CV chondrites [1]. Siderophile elements offer 
three promising fingerprints for testing this further: 
refractory element pattern, redox state indicators (Ni, 
W, Ga), and volatile element pattern (Au, Ge, etc.). 
Here, we present new siderophile element abundances 
for the metal of Eagle Station and Cold Bay. To estab-
lish chemical links between PES and their plausible 
chondritic precursors we consider the chemical frac-
tionations that occur between a chondritic precursor 
and the emplaced pallasite metal. We examine other 
chondritic compositions to seek a fit between chon-
dritic precursors and Eagle Station pallasites. 

Samples and Analytical Methodology: All analy-
ses were performed on a New Wave UP193FX exci-
mer laser ablation system coupled to a Thermo Ele-
ment XR™ ICP-MS at the Plasma Analytical Facility, 
NHMFL using methods previously described in detail 
[7]. Two polished slabs of Eagle Station (MNH, Vi-
enna; USNM 275a) and one of Cold Bay (USNM 636) 
were analyzed. Two large rasters were taken on Eagle 
Station (MNH) using a 75 µm beam spot, scanned at 
20 µm/s over areas of ~2 mm2 each, together with a 
line scan (50 µm, 10 µm/s) to obtain kamacite and 
taenite end-member compositions. USNM 275a was 
analyzed with a raster over 11 mm2, and USNM 636 
was analyzed over ~1.5 mm2, using a 50 µm beam spot 
scanned at 25 µm/s. Two 100 µm spot analyses were 
performed on Cold Bay.  

Results: The bulk analysis of metal from pallasites 
by NAA or by laser ablation is complicated by the 
presence of coarse taenite, kamacite, and chromite, so 

that representative sampling of the metal is a chal-
lenge. We compare our data with other labs recogniz-
ing that elements with large kamacite-taenite distribu-
tion coefficients (Ni, As, Au) are more difficult to pin 
down than those with kamacite-taenite distribution 
coefficients closer to unity (W, Re, Os, Ir). Fig. 1 com-
pares the two LA-ICP-MS analyses of Eagle Station 
(separate samples) with 3 analyses by NAA [6, 8]. The 
laser ablation analyses are essentially identical, except 
for higher Fe and As in the USNM 275a analysis. This 
large raster had extensive overlap on olivine, and the 
chromite present at the olivine-metal interface was not 
adequately corrected contributing higher Fe, Cr, and V 
in the USNM "metal" analysis, while V and Cr were 
below detection limits (<2 ppm) in the Vienna "metal" 
analysis. Arsenic in the Vienna sample is lower than 
that of the USNM sample while the latter is in agree-
ment with the 3 NAA analyses. Agreement between 
NAA and LA-ICP-MS analyses are good, with the 
exception of Ru, and to a lesser extent Re-Os-Ir from 
[8], and one of the W analyses from [6].  

 
Fig. 1: Eagle Station metal composition normalized to 
CI-chondrite and Ni. Note agreement between NAA 
[6, 8] and LA-ICP-MS (see text for details). 
 

Cold Bay (USNM 636) had much less metal mak-
ing a representative average harder to obtain. The 
INAA analysis [6] is closer to a spot analysis of Ni-
rich metal by LA-ICP-MS than to the average metal.  

Discussion: The formation of a pallasite involves, 
1) partial melting of a chondrite to form a metallic liq-
uid (metal-silicate fractionation) that segregates to a 
core or melt pool, followed by 2) crystal fractionation 
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of the liquid, and emplacement of the fractionated liq-
uid into a basal olivine layer at the core-mantle  
boundary of its parent asteroid, or by mixing of olivine 
fragments from a differentiated asteroid [9]. At this 
point, the metallic liquid may quench, or 3) precipitate 
solid metal while the residual liquid drains away. MG 
pallasites are consistent with mixing of a fractionated 
liquid with solid olivine which may have contained 
solid metal, or mixing of the liquid with early crystal-
lized solid metal prior to mixing with the olivine [6]. 

 To evaluate the formation scenarios for ES palla-
sites, the average CV chondrite compositions of [10] 
were supplemented with new HSE data [11, 12]. Dur-
ing partial melting of a chondrite, most siderophile 
elements will effectively partition into the liquid metal, 
with the exception of W, Fe and Ga, which partition 
between the metal and silicate. We modeled the W, Ga 
and Fe abundances of the parental metallic liquid using 
experimental metal-silicate partition coefficients [13]. 
The Ga and W abundances of the parental liquid were 
calculated at 1600°C and log fO2= -7.5 to obtain a 
good match with the ES composition. The calculated 
parental metallic liquid from a CV chondrite shares 
many of the characteristics of Eagle Station and Cold 
Bay, including the sloped refractory HSE pattern, and 
the W and Ga depletions (Fig. 2). However, the ES 
pallasite metal is significantly higher in compatible 
siderophiles, and depleted in incompatible siderophiles 
(Pd, Au, As, Sb and Sn) indicating that it formed as 
solid metal precipitated from the parental liquid. Ap-
plication of solid metal-liquid metal partition coeffi-
cients for a S-free metallic liquid [14] predicts a metal-
lic solid that is consistent with the ES pallasite compo-
sition, with the notable exception of Sb. Crystallization 
of solid metal from the parental metallic liquid after 
20% fractional crystallization (F= 0.8) provides the 
best fit with the Eagle Station composition. Cold Bay 
requires 40% fractional crystallization (F= 0.6). It-
zawisis is less fractionated than Eagle Station and Cold 
Bay [8]. Thus, pallasites of the Eagle Station trio rep-
resent relatively unfractionated liquids from the core of 
their parent asteroid. In contrast, while some solid 
metal is inferred in MG pallasites, their compositions 
are consistent with evolved liquids [5-6]. The Ni con-
tent of metal and the Fa content of olivine for various 
chondrite types were calculated from the data of [15] 
by assuming that carbon was lost by reduction, increas-
ing the metal content of "equilibrated" CI and CM 
chondrite compositions. The metal and olivine in Eagle 
Station cannot be derived from differentiation of En-
statite (E), ordinary (O) or Rumuruti-like (R) chon-
drites, because these compositions are either too re-
duced (E, O) or oxidized (R) to yield Fa20 olivine [16]. 
Further, CI and CM compositions after carbon removal 

are as reduced as H chondrites, and have volatile si-
derophile element compositions too high to match that 
of ES pallasites. The chondrites that provided a rea-
sonable match to the ES pallasite pattern included CO, 
CV (oxidized), and possibly CK chondrites. The re-
duced CV composition, Efremovka [15], cannot match 
the Fa content of olivine. We conclude that the chemi-
cal composition of Eagle Station pallasites is plausibly 
derived by differentiation of CV (oxidized), CO or CK 
chondrites. Therefore, it seems inescapable that aster-
oids with carbonaceous chondrite-like compositions 
evolved into differentiated asteroids. Furthermore, 
these data provide important support for paleomagnetic 
evidence of a partially differentiated CV chondrite 
parent body [1-2]. 

 
Fig. 2: Ni-, CI chondrite-normalized siderophile 
element abundances in Eagle Station and Cold Bay, 
compared with solid metal precipitated from a parental 
metallic liquid (black squares) derived from CV3 
chondrite compositions (F= fraction of residual liquid). 
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