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The magnetic properties of chondrules provide important clues to the presence of 
magnetic fields during the early phases of solar system evolution as well as establish constraints 
for our understanding of some of the conditions and processes occurring in the early solar system 
[I; 21. There are two types of magnetic properties: intrinsic and remanent. Intrinsic magnetic 
properties, which include saturation remanent magnetization (SIRM), Curie point measurements, 
remanence acquisition curves, and hysteresis loops are rnineralogically controlled. These 
properties depend on the amount and type of ferromagnetic material and its size and thermal 
history. In contrast, remanent properties, which include natural remanent magnetization (NRM), 
and thermal and alternating field demagnetization, depend on the magnetic history of the object. 
Remanent magnetization components can be acquired during cooling through the Curie point for 
a given ferromagnetic mineral, during diffusion related phase changes, or during secondary 
events such as lightning strikes or metamorphism. Some components of remanent magnetization 
may be retained by different ferromagnetic minerals in the object. We are attempting to establish 
correlations between chondrule petrology and intrinsic magnetic properties in an attempt to better 
understand remanent magnetic properties of chondrules. We have run an array of magnetic 
experiments to determine the intrinsic and remanent magnetic properties of 126 Bjurbole 
chondrules (LA). 

The SIRM value is the remanence induced by a magnetic field of 2 Tesla (20,000 Gauss). 
The range of SIRM values in Bjurbole chondrules (23-26500 x 104 ~ m 2 / k ~ )  is similar to 
Chainpur. Allende and Allegan have a more restricted range. The largest SIRM values in 
Bjurbole chondrules occur in porphyritic chondrules with large metal grains and the largest 
modal abundance of tetrataenite. The range of SIRM values may be a representation of the 
volumetric amount of tetrataenite. In order to verify this, we are undertaking a detailed 
petrographic study of the metal grains in these chondrules. 

The stability of NRM (its resistance to change under a variety of conditions) is an 
important parameter in paleomagnetic work. The resistance to magnetic fields depends on the 
coercive force and the resistance to heat depends on the blocking temperature of the magnetic 
minerals responsible for the NRM. Samples can be demagnetized by placing them in an 
alternating field (AF) of known peak intensity which is gradually reduced to zero. As the field is 
reduced, all domains with a coercive force less than the peak alternating field will be 
demagnetized. The magnetic field intensity and direction are measured and the process is 
repeated with a larger peak alternating field intensity. In thermal demagnetization experiments, 
the intensity and direction of the magnetic field is measured as the sample is heated (either 
continuously or step-wise). Components are demagnetized in the order of their blocking 
temperatures. 

During thermal demagnetization of Bjurbole chondrules, the directions of the remanent 
magnetization are tightly clustered up to 550°C (the temperature where tetrataenite disorders). 
These data suggest that this stable remanent magnetization is associated with tetrataenite. Above 
550°C the directions of remanent magnetization are random or have a coherence in a direction 
other than the tetrataenite direction. 

REiM values, defined as the ratio of the NRM to SIRM, calculated for Bjurbole 
chondrules range from 0.0005 to 0.2995. About 20% of the Bjurbole chondrules have REM 
values M.1. Sixteen of 19 chondrules with REiM M.l have SIRM values ~ 2 0 0 0  x 10-4 Am2/kg. 
These chondrules have a wide range of NRM values (20-1700 x lo4 ~ m ~ / k g ) .  The NRM values 
for the entire suite range from 0.2-1700 x 10-4 ~ m 2 / k ~ .  REM values may be significant if they 
can be proven to be related to field magnitude. 
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Based on terrestrial samples analyzed in the Goddard Space Flight Center, Laboratory for 
Extraterrestrial Physics, REM values range from 0.00005 for some metamorphic rocks to 0.85 
for rocks struck by lightning. In general, REM values are expected to be between 0.008 and 0.08 
for any type of remanence mechanism acting to induce remanent magnetization in terrestrial 
rocks in the geomagnetic field. The only known way to get high REM values (9). 1) is to expose 
the material to a strong: magnetic field on the order of 10 mT (several hundred Oersted) or 
greater, possibly ass&iatdwith lightning or contamination b) a hand magnet. A number of 
experiments remain to be completed in order to establish the reasons for the REM distribution. 

We are looking at the relationships between chondrule type and size; metal abundance, 
composition, size and shape; and the magnetic properties. Optical and SEM imaging studies, 
including energy dispersive X-ray mapping and chemical analyses, will be used to characterize 
the metal and silicate phases in the chondrules. The existence of at least two stable components 
in the chondrule NRM records has been established. We are working to determine characteristics 
of the tetrataenite component and the fine grained kamacite component (which is likely the high 
temperature component). The magnetic details of the tetrataenite and fine grained kamacite are 
essential in order to be able to determine if remanence events are nebular or parent body in 
origin. 

We plan to continue our studies of the distribution, geometric properties, and magnetic 
characteristics of metal in chondrules. These data will be used to interpret the magnetic 
remanence and to elucidate the character and magnitude of the nebular and parent body magnetic 
field. 
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