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Introduction:

Ordinary chondrites, are undifferentiated conglom-
erates of primitive material, containing intermixed
grains of olivine, pyroxene, feldspar and metallic Fe-
Ni compounds. These are the materials most likely
matched with the S-type asteroids. Chondrite (C, H, L,
and LL types) magnetism is due to Fe-Ni compounds,
primarily a-kamacite (<7% Ni), y-taenite (>7% Ni),
and y"-tetrataenite (43-52% Ni), and magnetite. We
need to understand how laboratory meteorite magnet-
ism research relates to the magnetic record of the as-
teroids. During the meteorite entry into the Earth at-
mosphere the meteorite interior will warm from tem-
peratures on the order of 70-150K to about 300K in the
presence of geomagnetic field. We investigate how this
warming event can have any impact on the observed
magnetic record of meteorites.

Allende meteorite belongs to CV3 carbonaceous
chondrites or C chondrites that are class of chondritic
meteorites. These are grouped according to distinctive
composition, reflecting the type of parent body from
which they originated. Dominant composition is oli-
vine and pyroxene.

Bjurbole meteorite belongs to L/LL$ ordinary
chondrites.

Both Allende and Bjurbole contain many chon-
drules.

Acquisition of magnetism during the residence
inside the geomagnetic field:

Previous magnetic study of Bjurbole (L4) chon-
drules [1] described very stable remanence directions
even after AF demagnetization with 0.24 T Meteorites
dominated by Kamacite have very unstable remanent
magnetization characterized by rapid intensity decrease
upon low (5mT) alternating magnetic field (AF) de-
magnetization.and chaotic remanence directions. The
stable magnetization is most likely ascribed to the
presence of Tetrataenite and the unstable magnetiza-
tion with Kamacite. Our objective is to examine the
magnitude of terrestrial contamination associated with
the entry of meteorites from space into the terrestrial
environment. Most of our experimental magnetic work
was done on individual chondrules from Bjurbole (L4)
ordinary chondrite and Allende (CV3), carbonaceous
chondrite.

Bjurbole fell 12 March 1899 at 22:30 hours near
Borga, Nyland, Finland. One stone fell through the
sea-ice and broke into fragments. The total weight was
around 330 kilograms and the largest fragment was 80
kilograms. It is classified as an L4 and is very friable.
The friability of Bjurbole allowed easy separation of
individual chondrules from a bulk piece of the meteor-
ite. Even though separated chondrules are small (1-50
mg) they still posses significant magnetization measur-
able with our superconducting rock magnetometer
(SRM) which is part of Goddard magnetic facility.
Remanent magnetization was removed stepwise by
alternating field demagnetization in 0.020, 0.035,
0.070, 0.150, 0.300, 0.600, 0.120, and 0.240T. The
resulting moment was the initial state of our low tem-
perature experiments and is marked in Figure 1 as “AF
dmg”. Chondrules were then cooled down to liquid
nitrogen temperature (77K) in zero external field
(background noise up to 1 nT). This state is denoted as
“ZFC” in Figure 1. Chondrules were than exposed to
40,000 nT laboratory field (LF) while at 77K tempera-
ture (LFC in Figure 1) and warmed up to a room tem-
perature at 300K (LFW in Figure 1). This process
should mimic the entrance of the meteorite into the
Earth magnetic and thermal environment.

Allende fall occurred on February 8, 1969 at 1:05
am near Pueblito de Allende, in Chihuahua, Mexican
state. Allende broke up to produce thousands of frag-
ments of fusion crusted individuals. Chondrules are
easy to extract and comes from the parts away from the
fusion crust.

Results:

Chondrules B1 and B2 in Figure 1 are influenced
by the cryogenic and geomagnetic field environment.
The low temperature cooling in zero field (ZFC) had
significant effect on this group and the magnetization
was noted to either rapidly increase or decrease after
AF demagnetization (AF dmg). When exposing these
chondrules to the geomagnetic field at 77 K a signifi-
cant component was gained parallel to the lab field
(LF). For example the B1 chondrule had upward mag-
netization ~parallel to the LF. Upon cooling in zero
field this component disappeared and a reversed
downward component was noted. Exposing the chon-
drule to the LF at 77K completely reversed its mag-
netic moment from a downward direction to an upward
direction that stabilized close to the ambient lab field
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Figure 1: Left panel are magnetic intensity plots in
various thermal and field conditions, middle and
right panels are equal angle stereonet and Zi-
jdervelt projections of the same data set, respec-
tively. AF dmg — demagnetized NRM starting
point, ZFC — zero field cooling to LNT, LFC —
application of laboratory field, Jmax in 107(A
m’kg™)..
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Figure 2: Plot of chondrule densities as a function of
their magnetic stability. Magnetic stability is expressed
as a ratio between the natural remanent magnetization
measured at 77K and the same magnetization measured
at 300K

(LF). During warming to room temperature the chon-
drule gained additional magnetic intensity parallel to
the LF. Thus the magnetization of this chondrule is
extremely sensitive to low values of ambient magnetic
field and acquires significant magnetization as soon as
exposed to the geomagnetic field. (40,000nT). Chon-

1958

1273.pdf

drule B2 is a bit more stable because it was able to
hold its magnetic moment in direction opposite to
geomagnetic field after AF demagnetization as well as
when cooled to 70K and exposing to geomagnetic field
at this temperature. However, warming to 300K causes
this chondrule to gain major component parallel to
geomagnetic field as well.

Chondrules B3 and B6 are relatively unaffected.
Low temperature treatment has negligible effect on
their magnetic remanence.

Figure 2 illustrates measurements of chondrule
densities as a function of magnetic stability (see Figure
legend for explanation). Note that allende chondrule
distribution of their magnetic stability
(nrm77K/nrm300K) is in marked contrasmagnetic t to
a distribution for chondrules from Bjurbole. The con-
trast was not only in nrm intensities but also in mag-
netization directions (not shown). Since we know that
all meteorites, before they landed on Earth, experi-
enced much lower temperatures (50-150K, depending
on facing the Sun, we must take into account our
measurements when magnetically analyzing meteor-
ites. This is especially the case for Allende meteorite
as seen in Figure 2.

Conclusions: Magnetic record of the Bjurbole
chondrite and by analogy perhaps all meteorites is
complicated be the fact that it contains magnetic mate-
rial capable of acquiring a wide range of magnetic re-
manence records by warming from space temperature
and magnetic conditions to 300K inside the terrestrial
environment. However, there is also a significant frac-
tion of chondrule record that contains stable remanent
directions that is unlikely to be contaminated by expo-
sure to geomagnetic field and terrestrial temperatures.
Consequently the next step is to assess the bulk effect
of the space to earth transit.

It is clear that as oppose to Bjurbole chondrules
most of the Allende chondrules are magnetically un-
stable, when cooled down to 77 K. This indicates that
room temperature magnetic measurements on Allende
cannot provide reliable information about the magnetic
field strength and the parent body history [2].
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