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    Introduction: Pallasites are meteorites with roughly 
equal amounts of Fe-Ni metal and yellow to green oli-
vine crystals; the distinctive mixture of olivine and Fe-
Ni metal seems improbable and immediately raises 
questions about pallasite formation [1]. Here we dis-
cuss new approaches to shed light on the nature of pal-
lasite meteorites and their parent bodies using paleo-
magnetism.  
    In detail, the major mineralogy of pallasites includes 
kamacite (αFeNi), taenite (γFeNi) and olivine 
({Fe,Mg}2SiO4) with minor troilite (FeS), schreibersite 
({Fe,Ni}3P) and chromite (FeCr2O4). Olivine ranges 
from Fa11 to Fa20, and often occurs as large yellow or 
green crystals. The olivine crystals are often cm-sized 
and are either angular or rounded [2]. When etched, the 
metal shows a Widmanstätten structure. There are over 
30 known pallasite falls [1] with most assigned to a 
“main group”. The main group pallasites have isotopic 
ratios that are well grouped along the terrestrial mass 
fractional line. These ratios overlap with those of the 
IIIAB iron meteorite field and they may be from the 
same parent body [3]. 
    Although typically associated with the core-mantle 
boundary of their parent body, the origin of pallasites 
is contentious. Urey [4], motivated by the thought that 
pallasites were too common to represent a single layer 
in a parent body, proposed that pallasites formed in 
metal pools throughout the parent body. On the basis 
of similarities in the major element compositions of 
pallasites and mesosiderite olivines, Mittlefehldt [5] 
suggested pallasites formed when shallow melt was 
invaded by liquid iron. Davis and Olsen [6] also ar-
gued that some main group pallasites originated from 
shallower regions of the parent body on the basis of 
trace elements in phosphates. 
    Further context for these different models of origin 
is provided by data on cooling rates from studies of Fe-
Ni and olivine, which suggest that the pallasites cooled 
rapidly, some 50 °C  per year between 1300 °C and 
600 °C, and cooled more slowly at lower temperatures 
[7-9]. These apparent differences in cooling rate have 
motivated several models whereby an initial body is 
disrupted by impact and/or collision with a body with a 
liquid iron core [8]. In this class of model, liquid iron 
is injected into the colder olivine. The body is later 
reassembled (explaining the slower metal cooling rate).  
    Prior magnetic investigations of pallasites have been 
limited, and the few studies available have yielded 
problematic results. When thought of as a bulk mate-

rial, this is not unexpected; pallasites clearly have one 
component, Fe-Ni metal, similar to iron meteorites and 
many workers have concluded that these are dominated  
by magnetically unstable components with strong 
magnetic anisotropy, e.g. [10-11].  Early studies, how-
ever, lacked the resolution to investigate the Fe-Ni and 
olivine components separately. Specifically, the mag-
netic fidelity of olivine in pallasites is unexplored, and 
the focus of our new studies. 
    Methods: We have developed a new approach for 
the determination of past geomagnetic field intensity 
using single silicate crystals separated from terrestrial 
rocks [12]. The silicate host, in and of itself, is not of 
magnetic interest, but such crystals (e.g. ~1 mm in 
size) often contain minute nm-sized magnetic inclu-
sions with ideal single to pseudo-single domain behav-
ior (with magnetic domain state testable by measuring 
magnetic hysteresis properties). Measurements of re-
manent magnetization have shown that silicate crystals 
are less susceptible to alteration in nature and in the 
laboratory as compared to bulk rock samples.  Based 
on this experience studying the magnetization of ter-
restrial silicate minerals with magnetic inclusions, we 
have conducted initial studies of olivine from pallasites 
to evaluate their potential as paleomagnetic recorders.  
    We are characterizing magnetic inclusions within 
olivine samples using rock magnetic/paleomagnetic 
measurements and SEM, TEM and MFM analyses. 
Instruments used for rock magnetic/paleomagnetic 
measurements, the focus here, include a Princeton 
Measurements Alternating Gradient Force Magne-
tometer with P1-probes for magnetic hysteresis meas-
urements, and two high resolution 3-component 2G 
DC SQUID magnetometers at the University of Roch-
ester. A Synrad CO2 laser (with FLIR and Mikron IR 
pyrometers for temperature control) was used to heat 
olivine crystal subsamples on minute timescales in 
field free space and in the presence of applied fields 
[13]. 
    Findings: Rim olivine from samples of the main 
group Esquel and Imilac pallasites have large inclu-
sions (often >100 µm size); whereas samples from the 
olivine interior are often clear and gem-like, lacking 
visible inclusions. The latter is a typical criterion used 
in the selection of crystals for terrestrial studies—the 
lack of visible inclusions helps to exclude larger unsta-
ble magnetic carriers [12].  
    Magnetic hysteresis data indicate that rim olivines 
have multidomain magnetic behavior, unfavorable for 
the preservation of remanent magnetizations on bil-
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lion-year time scales (Figure 1). Interior samples, how-
ever, yield ideal single to pseudosingle magnetic char-
acteristics suitable for paleointensity analysis. Below 
we proceed with a consideration of only subsamples 
from pallasite olivine interiors. 
    Stepwise thermal demagnetization data indicate 
magnetization unblocking at temperatures between 
approximately 300 oC and 450 oC, compatible with a 
taenite magnetic carrier. SEM analyses indicate the 
presence of small (<10 µm) composite inclusions, 
similar to those observed in the Omolon pallasite [14]; 
portions of such composite grains may be important 
carriers of remanent magnetization. Magnetization 
directions are stable after the removal of lower un-
blocking temperature components.  
    We further observe that olivine interior samples 
acquire partial thermoremanent magnetization when 
heated in an applied field; alteration of the magnetic 
carriers during heating appears to be limited, as indi-
cated by partial-thermoremanent  magnetiation checks 
and total thermoremanent magnetization (TRM) tests. 
The preliminary natural remanent magnetization/TRM 
data suggest magnetization in strong fields, as high as 
~100 µT.  
    Discussion: A longstanding problem with the appli-
cation of thermal methods of paleointensity determina-
tion to meteorite samples has been the severe alterna-
tion of magnetic carriers. As observed in studies of 
terrestrial silicate crystals, our data suggest that the 
host olivine crystals from pallasites may limit labora-
tory-induced thermal alteration of the magnetic carri-
ers. Our preliminary data from olivine crystals suggest 
magnetization in the presence of strong fields, further 
suggesting that some pallasites may record a short-
lived episode of dynamo action within their parent 
bodies after the iron-olivine mixing event. We will 
describe rock magnetic and paleomagnetic studies to 
further test this hypothesis. 
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 Figure 1: Magnetic hysteresis data of olivine crystals 
(a) Day diagram [15] with saturation remanence 
(Mr)/saturation magnetization (Ms) plotted versus co-
ercivity (Hc)/coercivity of remanence (Hcr). Abbrevia-
tions: SD, single domain; PSD, pseudosingle domain; 
MD, multidomain; SP, superparamagnetic. Domain 
assignment based on terrestrial samples. Mixing lines 
are from Dunlop [16]. Data plotted are from interior 
pallasite olivine crystals (green circles) and rim sam-
ples (blue circles). (b) Example magnetic hysteresis 
loop of an occluded rim olivine crystal fragment and  
(c) a crystal fragment from olivine interior; high coer-
civities, and broader loops are characteristic of single 
domain grains.  
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