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Abstract: 'We measured TL properties of ninety Asuka (A) ordinary chondrites
(LL: 16, L: 27, H: 47) from Japanese Antarctic meteorite collection. Most of the
chondrites had TL sensitivities over 0.1, corresponding to petrologic subtype 3.5-3.9.
Eight chondrites, A-881244 (L3), A-881607 (LL3), A-881328 (LL3), A-881408 (LL3),
A-881397 (LL3), A-881522 (L3), A-881357 (LL3 or L3), and A-881199 (LL3) were
revealed to be primitive ordinary chondrites under petrologic subtype 3.4, and there-
fore they are particularly significant in understanding the nature of primitive material
in the solar system. Twenty-one chondrites with low TL sensitivities below 0.1
(Dhajala=1) had suffered remarkable shock and/or terrestrial weathering.

Samples were mainly from three different dirt bands south of the Sor Rondane
Mountains at D1, D2, and D3 sites. LT/HT distribution at D1 site suggested that
chondrites at D1 site had shorter terrestrial ages than those at D2 and D3. A-880709,
A-88710, A-88774, A-881324 which had extremely low LT/HT ratio under 0.1, and A-
881484 and A-881546 which might be heated over 400°C were presumed to have small
perihelia. We found 26 TL potential paired fragments, and 9 groups. A group of H3
at D1 site comprises a chain of paired fragments. A H3 chondrite might shower near
the Asuka.

key words: ordinary chondrite, thermoluminescence, subtype, Asuka, Antarctic mete-
orite

1. Introduction

Thermoluminescence (TL) is light emitted by a phosphor in addition to intrinsic
blackbody radiation during heating (McKeever, 1985). Induced TL, the response of a
luminescent phosphor to a laboratory dose of radiation, reflects mineralogy and struc-
ture of the phosphor while providing valuable information on metamorphic and thermal
history of meteorites. As one important utility, TL sensitivity is used to determine the
petrologic subtype of type 3 ordinary chondrites (Sears et al., 1980, 1991a; Sears, 1988;
Benoit et al., 2002), CO chondrites (Sears et al., 1991b), CV chondrites (Guimon et al.,
1995), and eucrites (Batchelor and Sears, 1991). Differences in thermal histories of
Antarctic and non-Antarctic H chondrites were distinguished by the induced TL peak
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temperature and width (Sears et al., 1991c; Benoit and Sears, 1992). Natural TL,
luminescence of a sample that has received no irradiation in the laboratory, reflects the
thermal history of the meteorite in space and on Earth. Natural TL data thus provide
insights into such topics as meteoroid orbits, shock heating effects, and terrestrial
histories of meteorites (Benoit et al., 1991, 1992).

Induced and natural TLs of meteorites of the American Antarctic meteorite
collection have been routinely measured at the University of Arkansas. They have
provided fundamental data of assignment of petrologic subtypes of ordinary chondrites
and pairing. Systematic TL analysis of the Japanese Antarctic meteorite collection
began in 1996. The TL properties of 121 type 3 ordinary chondrites have been
measured; data were used for assignment of petrologic subtypes and pairing (Ninagawa
et al., 1998, 2000, 2002). We now report TL data for an additional ninety Asuka
ordinary chondrites in the Japanese Antarctic meteorite collection measured at the
Okayama University of Science.

2. Samples and TL measurements

The Sor Rondane Mountains are located west of the Belgica Mountains in Queen
Maud Land, East Antarctica. West Ragnhild Glacier flows between the two Moun-
tains (Pattyn et al., 2004). The Sor Rondane Mountains form a substantial barrier to
ice flow (Cassidy et al., 1992). The Asuka-87 and Asuka-88 meteorites over 2400
samples were recovered by the 29th Japanese Antarctic Research Expedition on the bare
icefield around the Sor Rondane Mountains (Yanai, 1993). Samples of ninety Asuka
ordinary chondrites (LL: 16, L: 27, H: 47) from Asuka-88708 to Asuka-881626 were
obtained from the Japanese Antarctic meteorite collection for this study. Sampling
sites are shown in Fig. 1. Thirty-eight of them were collected at D1 site from ~20km
south of Dirt Band A233, forty-three of them were collected at D2 site from ~15km
west of Dirt Band A233, and nine were at Dirt Band A233 (D3 site) south of the Sor
Rondane Mountains. They were expected to be type 3 ordinary chondrites because
percent mean deviations of low Ca pyroxenes are over 5%. Our procedures for
preparing samples and measuring their induced and natural TL were described by
Ninagawa et al. (2000).

3. Results and discussion

3.1. New TL data
Our new TL data for ninety Asuka ordinary chondrites from the Japanese Antarc-
tic collection are presented in Table 1, along with ancillary information.

3.2. Induced TL data
All ninety samples were expected to be petrologic type 3 ordinary chondrites.
However, eight of them were reported to be not type 3 in the Meteorite Newsletter 2002
and 2003 (Kojima and Imae, 2002, 2003). They are denoted by mark 1 in the Table 1.
Figure 2 compares Dhajala-normalized TL sensitivity with olivine and low Ca
pyroxene heterogeneity of Asuka ordinary chondrites. It includes previously reported
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Fig. 1. Sampling sites of the Asuka-87 and Asuka-88 meteorites around the Sor Rondane Mountains.
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Table 1 (continued).
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Asuka data, such as A-87319, A-9043 and A-9046 (Ninagawa et al., 2002). Most of
the samples had TL sensitivities over 0.1, corresponding to petrologic subtype 3.5-3.9.
Twenty-nine chondrites have very low TL sensitivities under or near 0.1. Primitive
chondrites of petrologic subtype = 3.4 have coefficient of variations (o as a percentage
of the mean) over 50%, of fayalite in the olivine (Sears et al., 1991a). Eight chon-
drites, A-881244 (L3), A-881607 (LL3), A-881328 (LL3), A-881408 (LL3), A-881397
(LL3), A-881522 (L3), A-881357 (LL3 or L3), and A-881199 (LL3) satisfied coeffi-
cients of variation over 50%, as shown in Fig. 2. They are primitive ordinary
chondrites. Petrography of them is not described here, but will be reported later as
Meteorite Newsletter.

Residual twenty-one chondrites, however, have coefficients of variation under 50%
with the inconsistency between TL sensitivity and olivine heterogeneity (Table 2).
There are only two chondrites with this inconsistency in Yamato (Y) samples, Y-790787
(L3) and Y-75029 (H3)(Ninagawa et al., 2000). Y-790787 (L3) was found to be
shock melted, and Y-75029 (H3) was to be highly weathered, respectively, from micro-
scopic observation of thin sections. TL sensitivity decreases 10-fold after shock-loading
to 25-32 GPa (Hartmetz et al., 1986), and terrestrial weathering makes TL sensitivity
decrease 16-fold at maximum in Antarctic chondrites (Benoit and Sears, 1999). Thin
sections of the Asuka twenty-one samples were observed to estimate shock degree and
terrestrial weathering. Table 2 shows the detailed descriptions. Almost of these
chondrite have suffered remarkable shock and/or terrestrial weathering. High shock
and heavy weathering would make their TL sensitivities lower.

Ten chondrites, A-881283 (H3), A-881125 (L3), A-881399 (L3), A-881558 (H3),
A-881236 (H3), A-880708 (L3), A-881329 (H3), A-881491 (H3), A-881124 (L3), and
A-880713 (H3) were classified to be type 3 chondrites by the microscopic observation.
However, eleven chondrites were classified to be H4 (A-880733, A-880916, A-880941),
H3/4 breccia (A-881026), H3/melt breccia (A-881083), H4/5/6 breccia (A-881258),
L3/4/5/6 breccia (A-881088, A-881090, A-881096), and L6 (A-881381, A-881494).
Type 4, 5, and 6 ordinary chondrites usually have higher TL sensitivity. High shock
and heavy weathering would make TL sensitivities lower under 0.1 (Dhajala=1) even
for type 4, 5, and 6 ordinary chondrites.

A-881026 was classified to H3/4 breccia in this observation, and a specimen of this
chondrite showed a unique induced TL glow curve, as shown in Fig. 3. This unique TL
glow curve resembles that of cristobalite, which has two peaks at 140°C and 290°C
(Matsunami et al., 1992). A-881026 may include crystobalite.

3.3. Natural TL data

Ordinary chondrites usually have two natural TL peaks at low temperature (about
230°C) and at high temperature (about 360°C). Low temperature peak intensity (LT)
is susceptive to heating, although high temperature peak intensity (HT) is relatively
resistant to heating. TL glow curve profiles within several millimeter of fusion crust,
which have suffered heating during atmospheric entry, demonstrate this heating proper-
ty (Ninagawa ef al., 1983). The LT have decreased in Antarctic ambient air temper-
ature (e.g. —5°C) for several hundred thousand years, although the HT had kept almost
same intensity for that period. Then low LT/HT ratio suggests shock reheating,
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Dhajala-normalized TL sensitivity vs. (a) olivine heterogeneity and (b) low Ca pyroxene
heterogeneity of Asuka ordinary chondrites for the new seventy-four data set except sixteen
classified to be not type 3, and data for previously analyzed Asuka type 3 samples, such as
A-87319, A-9043 and A-9046 (Ninagawa et al., 2002). Type 3 chondrites with coefficients of
variations under 50%, of fayalite in the olivine and TL sensitivities under or near 0.1
(Dhajala=1) are surrounded by solid rectangle.
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Table 2. Thin section observation of samples, which olivine hetero-

Low Ca-Py 0Ol Recom- i Polished Thin
. . . Ol TL .
Meteorite Class Heterogenity i Heterogenity Subtype | Subtype mended Section
(C.VOT (C.V)T ’ Subtype number
A-880713 . iH3 17% 2% 24 3.2-3.5 51-1
A-881236 iH3 36% 21% 3.7 3.0-3.4 3.7 61-1
A-881283  iH3 27% 11% 3.8 3.0 3.8 61-1
A-881329 iH3 36% 25% 3.7 34 3.7 S1-1
A-881491 :H3 35% 26% 3.7 34 3.7 S1-1
A-881558 iH3 40% 13% 3.8 3.1-33 3.8 51-1
A-880708 L3 13% 2%, 24 3.4 51-1
A-881124 L3 20% 19% 3.8 3.4-3.5 3.8 11-1
A-881125 L3 27% 8% 3.9 3.1 3.9 91-1
A-881399 iL3 15% 11% 3.8 3.0-33 3.8 51-1
A-880733. iH4t 7%, 4% 24 51-1
A-880916 iH4T 21% 4% 24 51-1
A-880941  iHA4T 16% 4% 24 S1-1
A-881026 iH3/4 br 33% 16% 3.8 61-1
A-881083  iH3/melt br 11% 2% 24 61-1
A-881258 iH4.5.6 br 18% 10% 39 71-1
A-881088  :1.3.4.5.6br 23% 5% 3.9 S1-1
A-881090  :13.4.5.6br 16% 3% 24 31-1
A-881096 . :i14.5.6br 24% 3% 24 61-1
A-881381 iL6 11% 9% 3.9 91-1
A-881494  :L6 10% 3% >4 91-1

+: Meteorite Newsletter (2002, 2003)
br: breccia
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Fig. 3. TL glow curves of A-881026 (H3/4 breccia). (a) unique TL glow curve. (b) usual TL
glow curve.
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geneities are <50% and TL sensitivities are <0.1 (Dhajala=1).

Shock i Terrestrial ; Weathering

Ol extinction Shock darkening . . . Comments
i vein weathering size
moderate + ..iremarkable 30.um.
+ 10-30.um,
- 100.um
+ ...imoderate 20-30 um

uratory~mosaic _imoderate remarkable 30 um

mosaic remarkable - imoderate 20 um
i moderate -.....ifresh -
moderate -.......moderate 50.um
remarkable -......moderate 30.um
mosaic remarkable - iminor 10 um
mosaic moderate -....iremarkable 100.um
remarkable .....smoderate 20-30.um.....iglassy bearing, breccia . ...
moderate -.....imoderate 10.um flattened chondrules
remarkable -....iremarkable <100 pm
remarkable Z.ifemarkable  :100 um breccia with. shock melted clast,
remarkable - ___imoderate 20-30 um __imaskelynite rich, unique H
remarkable +....iminor 10.um
moderate 10-20 ym
-.....moderate 30-40.um

- iremarkable 100-200 um

- iremarkable 20 um

heating due to small perihelion near Venus, or relatively long terrestrial age (Hasan
et al., 1987).

Figure 4 shows ratio of the natural low temperature peak intensity (LT) to the
Dhajala-normalized TL sensitivity vs. natural TL peak height ratio (LT/HT).
Samples were mainly from three different dirt bands south of the Sor Rondane
Mountains at D1, D2, and D3 sites. Figure 4 is plotted by sites. There are two
clusters at D1 site as shown in Fig. 4a. A-88709, A-88710, and A-88774 comprise a
group, and the others comprise another group with relatively high LT/HT ratio. The
minimum of the group with relatively high LT/HT ratio is 0.55. Hasan et al. showed
that minimum LT/HT ratio was 0.92 for ALHA 78043 chondrite, which had long
terrestrial age of 490X 10° years (Hasan et al., 1987). Although terrestrial ages of
Asuka chondrites have not been measured, it seems to be difficult to attain to 0.1 due to
long terrestrial TL draining. On the other hand LT/HT ratio distributes seriately to
near 0.1 in Asuka D2 and D3 sites as shown Fig. 4b and 4c. The Sor Rondane
Mountains form a substantial barrier to ice flow. Asuka D1 site has higher altitude
than D2 and D3 sites. Then chondrites at D1 site may have relatively shorter
terrestrial ages than those at D2 and D3 sites. This LT/HT ratio distribution at D1 site
supports this shorter terrestrial ages of chondrites.

A-880709, A-88710, A-88774, and A-881324 have extremely low LT/HT ratio
under 0.1, as shown in Fig. 4. In case of shock heating, TL sensitivity is also decreased
(Hartmetz et al., 1986). However, their TL sensitivities are over 0.1, and not so weak
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Fig. 4. Ratio of the natural low temperature peak intensity (LT) to the Dhajala-normalized TL
sensitivity vs. natural TL peak height ratio (LT/HT), (a) for Asuka DI site, (b) for Asuka
D2 site, and (c) for Asuka D3 site. Type 3 chondrites with coefficients of variations under
50%, of fayalite in the olivine and TL sensitivities under or near 0.1 (Dhajala=1) are
surrounded by solid rectangle.
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Fig. 4 (continued).

(Table 1). Shock heating may not be cause of their low LT/HT ratios. Then these
chondrites have possibility that their meteoroid orbits had small perihelia. A-881484
and A-881546 stand from the other chondrites in Fig. 4b. Their natural high temper-
ature peaks (HT) are also very weak as well as their natural low temperature peaks (LT)
are. Their TL sensitivities are over 0.2, also not so weak. These samples may be
heated over 400°C in the past, and their meteoroid orbits were presumed to have more
small perihelia than the group of A-880709.

Four pairing criteria (Ninagawa et al., 1998) were applied to the new seventy-four
data and data of previously analyzed Asuka type 3 chondrites (Ninagawa et al., 2000;
Table 1), considering sampling sites. Samples in a rectangle in Fig. 4 satisfy the two of
the pairing criteria. We found 26 TL potential paired fragments, and 9 groups (Table
3) after applying more two residual criteria. A group of H3, group 4 in Table 3,
comprises a chain of paired fragments at D1 site. A H3 chondrite might shower near
the Asuka.

The ten type 3 chondrites with inconsistency between TL sensitivity and olivine
heterogeneity are surrounded by solid rectangle in Fig. 4. They are located above main
trend in Fig. 4a. On the other hand the primitive chondrites are located below main
trend in Fig. 4b. Plot of ratio of the natural low temperature peak intensity (LT) to
the Dhajala-normalized TL sensitivity vs. natural TL peak height ratio (LT/HT) gently
distinguish primitive chondrites from high shock and heavy weathered chondrites.
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Talbe 3. Paired specimens of type 3 chondrite, satisfying the TL pairing criteria.

EClassésag‘::ngé Meteoriteé Paired fragments satisfying the TL pairing criteria. Group
TH3 | _DI__{A-881069 {A-880793 1

D1  :A-880676 :A-880620 P2
D1  :A-880729 ;A-880746 :

3
DI
4
D2 TA-881329 5
D2 :A-881341 {A-881386 6
D3 (A-881597 ;A-881609 7
D3 [A-87278 (A-87283 A87277 o 8
P TA87383 IABIZTT
i L3 D2 (A-881348 :A-881350 A-881436 i 9

TA-881437 |A“881436

4. Summary

We measured TL properties of ninety Asuka ordinary chondrites (LL: 16, L: 27, H:
47). Their percent mean deviations of low Ca pyroxenes are over 5%. Most of the
samples had TL sensitivities over 0.1, corresponding to petrologic subtype 3.5-3.9.

Twenty-nine chondrites had very low TL sensitivities under or near 0.1. The eight
chondrites, A-881244 (L3), A-881607 (LL3), A-881328 (LL3), A-881408 (LL3), A-
881397 (LL3), A-881522 (L3), A-881357 (LL3 or L3), and A-881199 (LL3) were
primitive ordinary chondrites with coefficient of variations over 50% of fayalite in the
olivine. The ten chondrites, A-881283 (H3), A-881125 (L3), A-881399 (L3), A-
881558 (H3), A-881236 (H3), A-880708 (L3), A-881329 (H3), A-881491 (H3), A-
881124 (L3), and A-880713 (H3) were type 3 chondrites with coefficient of variations
under 50% of fayalite in the olivine. Almost of them had suffered remarkable shock
and/or terrestrial weathering. All samples were expected to be petrologic type 3
ordinary chondrites. However, the eleven chondrites were classified to be H4 (A-
880733, A-880916, A-880941), H3/4 breccia (A-881026), H3/melt breccia (A-881083),
H4/5/6 breccia (A-881258), L3/4/5/6 breccia (A-881088, A-881090, A-881096), and
L6 (A-881381, A-881494), by the microscopic observation. They also had suffered
remarkable shock and/or terrestrial weathering. A-881026 showed the unique TL
glow curve. It resembled that of cristobalite. A-881026 may include crystobalite.

Samples were mainly from three different dirt bands south of the Sgr Rondane
Mountains at D1, D2, and D3 sites. There are two clusters in plot of ratio of the
natural low temperature peak intensity (LT) to the Dhajala-normalized TL sensitivity
vs. natural TL peak height ratio (LT/HT) at D1 site. This LT/HT ratio distribution
at D1 site supports shorter terrestrial ages of chondrites than those at D2 and D3 sites.
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A-880709, A-88710, A-88774, and A-881324 have extremely low LT/HT ratio
under 0.1. Then these chondrites have possibility that their meteoroid orbits had small
perihelia. A-881484 and A-881546 stand from the other chondrites in Fig. 4b. These
samples might be heated over 400°C in the past, and their meteoroid orbits were
presumed to have more small perihelia than the group of A-880709.

Four pairing criteria were applied, considering sampling sites. We found 26 TL
potential paired fragments, and 9 groups. A group of H3 at D1 site comprises a chain
of paired fragments. A H3 chondrite might shower near the Asuka.

Acknowledgments

The authors are indebted to the National Institute Polar Research for meteorite
samples. The authors would like to thank Dr. T. Saito, the Research Reactor Institute,
Kyoto University, for kindly helping with ®Co 7-ray irradiation. This work was
carried out in part under the Visiting Researcher’s Program of the Research Reactor
Institute, Kyoto University. We would like to thank Dr. T. Noguchi, for useful
observation of thin sections. We also thank anonymous referees for their helpful
reviews of the manuscript.

References

Batchelor, J.D. and Sears, D.W.G. (1991): Metamorphism of eucrite meteorites studied quantitatively using
induced thermoluminescence. Nature, 349, 516-519.

Benoit, P.H. and Sears, D.W.G. (1992): The breakup of a meteorite parent body and the delivery of meteorites
to earth. Science, 255, 1685-1687.

Benoit, P.H. and Sears, D.W.G. (1999): Accumulation mechanisms and the weathering of Antarctic
equilibrated ordinary chondrites. J. Geophys. Res., 104, 14159-14168.

Benoit, P.H., Sears, D.W.G. and McKeever, S.W.S (1991): The natural thermoluminescence of meteorites: II.
Meteorite orbits and orbital evolution. Icarus, 94, 311-325.

Benoit, P.H., Sears, H. and Sears, D.W.G. (1992): The natural thermoluminescence of meteorites: 4. Ordinary
chondrites at the Lewis CIliff Ice Field. J. Geophys. Res., 97, 4629-4648.

Benoit, P.H., Akridge, G.A., Ninagawa, K. and Sears, D.W.G. (2002): Thermoluminescence sensitivity and
thermal history of type 3 ordinary chondrites: Eleven new type 3.0-3.1 chondrites and possible
explanations for differences among H, L, LL chondrites. Meteorit. Planet. Sci., 37, 793-805.

Cassidy, W., Harvey, R., Schutt, J., Delisle, G. and Yanai, K. (1992): The meteorite collection sites of
Antarctica. Meteoritics, 27, 490-525.

Guimon, R.K., Syems, S.J.K., Sears, D.W.G. and Benoit, P.H. (1995): Chemical and physical studies of type
3 chondrites, XII: The metamorphic history of CV chondrites and their components. Meteoritics, 30,
704-714.

Hartmetz, C.P., Ostertag, R. and Sears, D.W.G. (1986): A thermoluminescence study of experimentally
shock-loaded oligoclase and bytownite. Proc. Lunar Planet. Sci. Conf., 17th, Pt. 1, E263-E274 (J.
Geophys. Res., 91, B13).

Hasan, F.A., Haq, M. and Sears, D.W.G. (1987): The natural thermoluminescence of meteorites I. Twenty-
three Antarctic meteorites of known 2°Al content. Proc. Lunar Planet. Sci. Conf., 17th, Pt. 2, E703-
E709 (J. Geophys. Res., 92, B4).

Kojima, H. and Imae, N. (2002): Meteorite Newslett., 11 (1), 49 p.

Kojima, H. and Imae, N. (2003): Meteorite Newslett., 12 (1), 52 p.

McKeever, S.W.S. (1985): Thermoluminescence of Solids. Cambridge, Cambridge University Press, 376 p.

Ninagawa, K., Miono, S., Yoshida, M. and Nishimura, H. (1983): Measurement of terrestrial age of Antarctic



16 K. Ninagawa et al.

meteorites by thermoluminescence technique. Mem. Natl Inst. Polar Res., Spec. Issue, 30, 251-258.
Ninagawa, K., Hoshikawa, Y., Kojima, H., Matsunami, S., Benoit, P.H. and Sears, D.W.G. (1998):
Thermoluminescence of Japanese Antarctic chondrite collection. Antarct. Meteorite Res., 11, 1-17.
Ninagawa, K., Soyama, K., Ota, M., Toyoda, S., Imae, N., Kojima, H., Benoit, P.H. and Sears, D.W.G.
(2000): Thermoluminescence studies of ordinary chondrites in the Japanese Antarctic meteorite
collection, II: New measurements for thirty type 3 ordinary chondrites. Antarct. Meteorite Res., 13,
112-120.

Ninagawa, K., Ota, M., Imae, N. and Kojima, H. (2002): Thermoluminescence studies of ordinary chondrites
in the Japanese Antarctic meteorite collection, III: Asuka and Yamato type 3 ordinary chondrites.
Antarct. Meteorite Res., 15, 114-121.

Matsunami, S., Ninagawa, K., Kubo, H., Fujimura, S., Yamamoto, I., Wada, T. and Nishimura, H. (1992):
Silica phase as a thermoluminescence phosphor in ALH-77214 (L3.4) chondrite. Proc. NIPR Symp.
Antarct. Meteorites, 5, 270-280.

Pattyn, F., De Brabander, S. and Huyghe, A. (2004): Basal and thermal control mechanisms of the Ranghild
glaciers, East Antarctica. Ann. Glaciol., 40 (in press).

Sears, D.W.G. (1988): Thermoluminescence of meteorites: Shedding light on the cosmos. Nucl. Tracks
Radiat. Meas., 14, 5-17.

Sears, D.W.G., Grossman, J.N., Melcher, C.L., Ross, L.M. and Mill, A.A. (1980): Measuring metamorphic
history of unequilibrated ordinary chondrites. Nature, 287, 791-795.

Sears, D.W.G., Hasan, F.A., Batchelor, J.D. and Lu, J. (1991a): Chemical and physical studies of type 3
chondrites-XI: Metamorphism, pairing and brecciation of type 3 ordinary chondrites. Proc. Lunar
Planet. Sci., 21, 493-512.

Sears, D.W.G., Batchelor, J.D., Lu, J. and Keck, B.D. (1991b): Metamorphism of CO and CO-like chondrites
and comparisons with type 3 ordinary chondrites. Proc. NIPR Symp. Antarct. Meteorites, 4, 319—
343.

Sears, D.W.G., Benoit, P.H. and Batchelor, J.D. (1991c¢): Evidence for differences in the thermal histories of
Antarctic and non-Antarctic H chondrites with cosmic-ray exposure ages <20 Ma. Geochim.
Cosmochim. Acta, 55, 1193-1197.

Yanai, K. (1993): The Asuka-87 and Asuka-88 collections of Antarctic meteorites: preliminary examination
with brief descriptions of some typical and unique-unusual specimens. Proc. NIPR Symp. Antarct.
Meteorites, 6, 148-170.



