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Distribution of bare-ice areas in Eastern Queen Maud Land, Antarctica

*
Kou KUSUNOKI, Kiichi MORIWAKI and Yoshio YOSHIDA , National Institute of Polar

Research

Bare-ice areas of the ice sheet in
Eastern Queen Maud Land are preliminarily
surveyed on Landsat images to examine
their distribution and some characteris-
tics for future planning of the meteorite
search. The bare-ice fields in this re-
gion can be classified into three types
according to their locality which may re-
flect their origins and properties relat-
ing to occurrence of meteorite fragments.

The first type is situated along the
coast facing to north-northwest to north-
west, indicating remarkable influence of
solar radiation during sunny season. Al-
ternation of bare-ice and snow drift is
often seen in this area, showing undula-
tion of step-like topography. The great-
er part of this area is subject to rather
intense thawing during midsummer.
ticular, formation of cryoconite holes

and superimposed ice on the ice sheet pre-

vent the accumulation of meteorite frag-
ments on ice surface. Most of meteorites
may occur only in a shear moraine zone
close to the coastline.

The secon type is a bare-ice field
considered to be formed by direct "lee

side effect" of mountain protrusion. It

In par-

locates contiguously to the exposed
mountain foot on the downstream side of
ice flow. Flowline pattern is recog-
nized on its surface in many places.
"Lee side effect" includes ablation
over sluggish flow of ice and interup-
tion of snow deposition behind a moun-
tain barrier. Distribution and extent
of a bare-ice field are controlled by
the dimensions of the mountain obstacles
and their situation to predominant wind.
These fields yield collectable meteorite
specimens, but co-existent moraine frag-
ments may disturb the finding of meteor-
ites.

The third type is an inland bare-
ice area more or less detached from the
exposure of mountains. Subglacial re-
lief may be primarily responsible for
the bare-ice occurrence. Bare-ice con-
dition also appears to be maintained by
local relief of the bare-ice field re-
lated to condition of snow accumulation
and by the situation of the field to re-
gional topography of the ice sheet which
controls ice supply. This type of bare-
ice field may be most promising for the
meteorite search, because very few ma-
terials other than meteorite may exist

on this ice field.



A classification of seyeral Yamato-75 chondrites

Yukio MATSUMOTO
Department of Mineralogical Science and Geology, Faculty
of Science, Yamaguchi University

Masao HAYASHI
Research Institute of Industrial Science, Kyushu University

The Yamato 75108 to 75257 chondrites are considered
that one original meteorite (MATSUMOTO, 1978; MATSUMOTO et
al., 1979). Electron microprobe studies have been made of
olivines and orthopyroxenes in ten chondrites which are
weighing more than 100g in these chondrites. Histograms of
iron contents, in atomic percent, of olivines and orthopyroxenes
for analyzed Yamato-75 chondrites are given in Table 1. Mean
composition of olivines and orthopyroxenes, mean deviation,
and percent mean deviation of their iron concentration in the
analyzed Yamato-75 chondrites are given in Tables 2 and 3.
These analyzed Yamato-75 chondrites are tentatively classified
as an L 4-5 type.

Table 1 Iron contents of olivines and orthopyroxenes in
moderately equilibrated L group ordinary chondrites

olivine orthopyroxene

Atomic % Fe | 22 | 23 | 24 l 25 I 26 18 I 19 I 20 1 21 | 22 [ 23 | 24

sample No. percent of measurements percent of measurements
Yamato-75108% - = 18.2 63.6 18.2 - - - 57.1 28.6 14.3 -
=75110* - 18.2 45.5 18.2 9.1 - 11.1 11.1 22.2 33.3 11.1 11.
=75109 7.1 35.7 57.1 - - - - 92.9 7.1 - - -
=-75110 13.3 60.0 20.6 6.7 - - 40.0 53.3 - 6.7 - -
=-75111 - 6.7 46.7 40.0 6.7 - - 28.6 64.3 7.1 = -
=75112 6.7 80.0 6.7 6.7 = @ 68.8 31.2 - - - -
=75113 - 35.3 54.7 - - - - 100.0 - - - -
=75114 7.1 57.1 35.7 - - - 6.7 86.7 6.7 - - -
=75115 - 35.7 54.3 - = - 6.7 20.0 73.3 - - -
-75129 13.3 46.7 33.3 - 6.7 - 11.8 52.9 29.4 5.9 - -
=75131 o= 28.6 64.3 7.1 - - 46.7 53.3 = - - -
-75139 - 7.1 42.9 50.0 b - 14.3 71.4 14.3 - i -

* MATSUMOTO et al., (1979)




Table 2. Mean compositions of olivines and percent mean deviations of

their iron concentrations in the analyzed Yamato-75 chondrites.

sample Mean composition mE:;uzi— Mean % mean Remarks

No. Ca Mg Fe — deviation |diviation

Yamato-75108*%| 0.00 [74.49 [25.51 11 0.409 1.61 L4-5
-75110% 0.00 [75.69 |24.31 11 0.878 3.61 L&4-5
=715109 0.00 [76.09 |23.91 14 0.440 1.84 L4~5
-75110 0.00 |76.42 |23.58 15 0.546 2.32 L4=-5
-75111 0.00 |75.08 |24.92 15 0.396 1.59 L4=-5
=-75112 0.00 |76.44 |23.56 15 0.293 1.24 L4-5
-75113 0.01 |75.81 |24.18 17 0.269 1.11 L&-5
-75114 0.00 |76.16 |23.84 14 0.385 1.62 L4-5
-75115 0.01 |75.77 |24.22 14 0.319 1.32 L&=-5
-75129 0.00 |75.99 |24.01 15 0.479 2,00 L4=5
-75131 0.00 [75.80 |24.20 14 0.357 1.48 L4-5
-75139 0.00 |76.08 [23.92 14 0.290 1.21 L4-5

* MATSUMOTO et al.,(1979)

Table 3. Mean compositions of orthopyroxenes and percent mean deviations
of their iron concentration in the analyzed Yamato-75 chondrites.
sample Mean composition - OE_ Mean % mean Remarks
No. Ca ~ Mg Fe z::::re deviation [diviation
Yamato-75108%) 0.21 |77.77 |22.02 7 0.479 2.17 L4-5
-75110 0.00 |77.96 }22.04 9 1.161 5.27 L4-5
-75109 0.81 |78.73 |20.46 14 0.166 0.96 L4=5
-75110 1.20 }78.47 |20.33 15 0.453 2.23 L4=5
-75111 0.95 |77.72 j21.33 14 0.486 2.28 L4=5
-75112 0.81 [79.44 |19.75 16 0.225 1.14 L4-5
-75113 1.35 §78.29 |20.36 15 0.171 0.84 L&-5
-75114 0.77 |78.71 |20.52 15 0.274 1.34 L4=-5
-75115 | 1.13 |78.64 [20.23 15 0.441 2.18 L4-5
-75129 l 1.42 }77.91 |20.67 17 0.555 2.68 L4-5
-75131 0.96 }78.95 [20.09 15 0.249 1.24 L4=-5
-75139 0.93 |78.50 |20.57 14 0.296 1.44 L4-5

* MATSUMOTO et al.,(1979)
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a2k L o) 6% BAR
SAXE WER a8 BB 3B IR

AT~ @ F E
azFw-w, KEw, a>Fj4}

BB ol FHRKERD s 1cmie, 7TZIHE 0 hunasnces of Aliesde
Hadri= L5 % ?‘C%ﬂﬁi’i/k"fim 3183 (C3V) chondrite

Lz, 2 .,/;.,yr;gm, ?&}M{tmrjn Clarke Wakita & This
UAB ¥, BASIB 2T, Se9a >k (1570) @sr0y o
- wofﬁi#ii{ IR I&ﬂ,i‘ v, | Fe  23.85%  21.9% 24.1%
"L, foonmomgnaz Fn-wtMET 52 s 1.87 2.0 " 60
tWTAME, Fo, My, Cu, Ni, AL, N, GrMe, N2 139 - 1.46

P L, CoBn G V. Se. 5r, Be Y B2, & Wa 0033 o ol
AATE ST F 26 aF eHRI L e G, 018, Oili,
ZFTbroertvtdy, L ITE, Lo 1900 5 800
AL oA F74{ s, Low gk an b0
Allende (C3NMRE23 > Fu—wofdss 1 70 130 110
TiREL, hoe1, 3> Fn- u.rv)ifvﬁx Sc 11 11 ii
Flars TP RS <0 T EELEX B, - ; 3.0 H

7°7 K IRt SRR Y .
Jon' e D Ar77 A IFERBL, KRN 59
t4EHAEI R, BFRHARTIL
oBRSEARKAET b ¥ATHE. Ao MKET oMELE (P Ln, G 16 )85% %
BRAC K HE-HLOAHIA IR LTt T, 5249T, TORMES R LTI8Fh Db,
Lol HATHS EAET b L AT RE, —F KK, L oA TR L L B A
3, 2> K74 VBB R P BELIUDR, ¢, L A, Fe, Hyh Ho i ErRIVOT,

Wolf et al (1979) : 134 ppm Zn

Table 2 Elemental abundances of
Antarctic chondrites

Y-75028 Y-74001 Range of* Y-74191 Y-74035 ALHA-76009 Range of*
(H3) (H5) H chondrites {L3) (L6) (L6) L chondrites
Fe 24.9 %  26.2 * 24.6030.9 * 19.4 * 21,5 % 22.4 % 20.2023.6
Mg 13.4 13.5 13.3%14.9 14.7 14.3 14.0 14.1716.0
Ca 1.09 1.15 1.15v1.22 1.27 yiag 1.24 1.22%1.35
Ni 1.66 1.65 1.21%2.06 1.04 1.23 1.51 0.39%1.41
Al 1.66 1.20 0.8971.12 1.26 1.18 1.21 1.00%1.31
Na 0.72 0.71  0.50%0.64 0.80 0.70 0.80 0.5700.72
Mn 0.24 0.24 _ 0.21%0.24 0.28 0.27 0.26 0.23%0.26
P 980 PP™ 31100PP™1000v1100PP" 730 PP™ g3g PP™ 7509 PP gpon1100PPT
Ti 580 570 5100780 620 590 610 460810
Co 690 750 44071260 450 590 670 2900870
Zn 96 96 28089 99 71 91 80100
v 83 87 44788 89 81 87 45094
St 10 10 9011 10 11 10 10011
Sc 9 9 679 9 9 10 709
Ba 6 6 31 0%k 6 6 6 4rgrE
Y 3 3 2 3 3 3 2

* Mason (1971)
** Laeter & Hosie (1978)
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A possible correlation of the I-Xe relative and the absolute ages for "equilibriated" chondrites

and iron (IAB) meteorites.

Noboru Nakamura

Faculty of Science, Kobe University

In view of condradictory situation of I-Xe
chronology for meteorites, the validity of the
ages defined by the 128}{8*-—-129){&* apparent iso-
chrons is still an open guestion, and a serious
re-evaluation of the meanings of the I-Xe ages
should be performed with use of independent
evidences.

In this work, a possible correlation of the
I-Xe ages with the absolute ages deduced from
Fb-5r, Ar-Ar, Sm-Nd and Fb-Fb methods has been
examined. Close examinations of the absoclute age
data suggests that the time differences of 50~
100 Ma in the ages of ~4 Gy are now barely resol-
vable for meteorites with a ecritical ewvaluation
of the age data under the following criteria:

(1) The ages with the precisions of about one per
cent or better, (2) Well-defined isochron ages
for Rb-Sr, Sm-Nad and Pb-Pb methods, (3) Well-
defined plateau ages for the Ar-Ar release pat-
terns, (4) The ages which can be assingned to the
metamorphic events rather than initial accretion
or formation of meteorite parent bodies.

For the present purpose, the Pb-Pb and Rb-Sr
model and Sm-Nd ages are first discarded from
employment because of a possible contradiction to
the criteria (4) or of scareity of the Sm-Nd age
data for meteorites dated by I-Xe method.

The consistency of age values of Rb-Sr with
Ar-Ar methods is attainable at least one percent,
although even both methods have some latent un-
biquities in methodology.

Consequently, the main consideration isweighed
on the Ar-Ar and Rb-Sr ages of "equilibriated"
chondrites and the iron (IAB) meteorites which
have been much more investigated systematically
Anyway, the
face values of Rb-Sr isochron and the Ar-Ar pla-

teau ages for the meteorites under consideration

than other types of meteorites.

which cover the criteria (1)~ (L) were subjected
to comparison with the I-Ye ages.

In Fig. 1, on abscissa are plotted the abso-
lute ages of Rb-Sr isochron ages against the I-
Xe ages on ordinate for "equilibriated" chond-

32

rites. The solid bars indicate uncertainties of
the ages which do not have enough gualities in
view of the criteria mentioned above but may be
useful for considerations.

In this diagram, the absolute ages show small
but distinctly differences for some chondrites
if the solid data points are considered, and
Assuming

that the observed correlation is true, the regr-

both ages are positively correlated.

resion line (expressed by solid line) is defined
as a apparent correlation line and the dotted

line starting from the possible upper limit I-Xe
age at 4.55 Gy is defined as a expected correla-
tion line which is expected assuming that I-Xe
system had been initially closed at 4.55 Gy agoend
was re-equilibriated in proceeding time.

In Fig. 2, the same plotting is shown for
silicate inclusions of the iron (IAB) meteorites.
Surprisingly, the similar trend is also clearly
observed in this diagram. BEecause the absolute
(Ar-Ar) ages and the I-Xe:labolatcry, the
observed correlation might have much signifi-
The apparent correlation line is almost
the same as that for chondrites or slightly less
steap, and the age differences between the

cance.

"

"apparent" and "expected" are not too large but
considered to be still significant in view of
high quality analysis. The original auther noted
the absolute age differences up to 90 Ma but not
for the surficial correlation with the I-Xe ages
under consideration.

The ages for "equilibriated" chondites are
generally considered to represent the time of
the last isotopic equilibriation established
during metamorphism. It is assumed that the
time differences (up to 200 Ma in Fig. 1 and 2)
of the absolute ages from the meteorite formation
age of 4.55 + 0.02 Gy indicated the time duration
of metamorphic activities in meteocrite parent
bodies.
of the absclute and the I-Xe relative ages

Therefore, the surficial correlation

observed in Fig. 1 and 2 may be explained in

terms of metamorphism. Hence, combining the

¥ ages have been determined by the same worker
and in the same
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observed surficial correlation and the metamor-
phism model under consideration, it is suggested
that the I-Xe relative ages are interpreted as
secondary thermal effects not as initial accre-
tion or formation of the meteoritic materials.

It might be prudent not to rule out another
possibilities of interpretations for the surfi-
cial correlation pointed out in this work with
further data accumulation, because the age data
employed in this work are inevitably limited.

The full evaluation of such correlation should
be rest on future precise age determinations,
especially by the absolute dating methods, for
meteorites.

At present stage, however, it might be remark-
able to suggest that I-Xe apparent isochrons for
high temperature release Xe fractions in some
meteoritic materials may be results of differen-
tial “ooxen/ 2T
lEQxe*KIET

I diffusion and/or constant
I loss in the meteorite parent bodies
or in the nebula.

The author thanks Profs. M. Hond and F.A.
Podosek for helpful discussions.
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28 Neutron-capture effects on Kr and Xe isotopes in Yamato-74191 chondrite
Nobuo TAKAOKA (Yamagata Uni.) and Keisuke NAGAO (Okayama Sci. College)

Unequilibrated hypersthene chondrite Yamato-73191 contains appreciable amounts

80 82

of neutron-produced Kr and Kr isotopes.l) The chondrite was studied mass-spectr-

metrically for rare gases released at various temperatures. A grain-size fraction

(0.427 g) finer than 147}Jm (100 mesh) was used. The sample was heated at success-

(Wt

ively higher temperature of 700, 900, 1100, 1300, and 1750 °C. Each temperature was
kept constant for 25 minutes, and evolved gases were analysed with a high-sensitivi-
ty mass-spectrometer.

Cosmogenic gases dominate in He and Ne. The present sample released more He and

Ne of cosmic-ray origin, compared with our prvious workl). The concentrations of

40

trapped Ar, Kr and Xe are practically same in two samples, whereas radiogenic Ar

and lZQXe, and neutron-produced 80Kr, 82Kr and 128Xe are enhanced in this sample.
Fig. 1 shows release patterns of rare gas components. Neutron-produced 80Kr

84

gives two peaks at 700 °C and 1100 °C, while trapped Kr does a single peak at 1300

°C. The release patterns of neutron-produced 128Xe and radiogenic lZQXe are quite

similar to each other, but different from the pattern of trapped 132Xe, which has a
single peak at 1300 °C, similar to trapped der.

8 8

Fig. 2 shows a correlation diagram between DKr/84Kr and ZKr/der. Enrichment

of neutron-produced component is striking in the 900 °C fraction. Spallogenic and
fissiogenic contributions were so small that we could consider a two-component

mixture of trapped Kr and neutron-produced Kr.The production ratio of neutron-produced

80xr to ®%kr is given as 2.66. This value agrees well with our previous resultl) .

132 129x9/132x9- PEEA

define a correlation line. The slope is 263 and the intercept at the 128X9/132Xe

129X9/132Xe

Fig. 3 shows a correlation plot between leXe/ Xe and

ratio for AVCC-Xe is 1.12 +0.29. This value is regarded as the trapped

ratio in this meteorite. Fig. 3 reveals definite evidence that the 128Xe excess in

Yamato-74191 was produced in-situ by the neutron-capture on 1271. Production of

126 126 126

Xe by 127I(n,2nﬂ ) Xe is suggested for an explanation to the occurence of Xe

in this chondrite.

8OKr, the neutron slowing-down density was estimated to

With neutron-produced
be 0.14 +0.03. A minimum mass and preatmospheric radius were estimated as 470 Kg and
32 cm, respectively.

Rare gas copmositions and cosmic-ray exposure age for Yamato-75258 will be given.

Reference. 1) K.Nagao and N.Takaoka, Mem. Natl. Inst. Polar Res.,Spec. Iss. No.l2,

207 (1979).
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MAGNETIC CLASSIFICATION OF

ANTARCTIC ACHONDRITES

Takesi NAGATA

National Institute of Polar Research

A magnetic method to classify stony meteorites
into 6 groups of E-, H-, L-, LL- and C-chondrites
and achondrites (Nagata and Sugiura 1976, Nagata
1978, 1979a, 1979b) on an I versus Ig(ol)/I dia-
gram appears to be sufficiently reasonable and
useful, where Ig and I5(0!) denote respectively the
total saturation magnetization of a meteorite and
saturation magnetization of its kamacite-phase alone.
In the magnetic classification scheme, all kinds of
achondrite are put altogether into a group which is
characterized by the smallest value of Ig ranging
from 0 to 0.6 emu/gm.

A more number of new Antarctic achondrites
including an ureilite and a shergottite have recently
been magnetically analyzed. These 16 achondrites,
which are magnetically examined to date, are petro-
graphically and chemically classified into 8 diogeni-
tes, 5 eucrites, 1 howardite, 1 ureilite and 1
shergottite. Since the content of metallic iron is
extremely small in achondrites except ureilites,
very little has been known so far in regard to char-
acteristic features of metallic components in achon-
drites.

The observed values of I, Ig(0() and paramag-
netic susceptibility at 300°K (Xp (300K)) of the 16
achondrites are summarized in Table 1 as their
representative magnetic parameters.

(a) As shown in the table, Ig-values of diogenites,
eucrites, a howardite and a shergottite are smaller
than 0.53 emu/gm, which indicates that the content
of metallic iron in these achondrites is smaller
than 0.3 wt%, whereas Ig of an ureilite amounts to
3.14 emu/gm, which is within the Ig-value range of
LL-chondrites.

(b) A remarkable difference between the diogenites
and the pyroxene-plagioclase achondrites (i.e.
eucrites and howardite) can be observed in their
values of Ig(O }/Is in Table 1. For diogenites,
I.(0X)/1g £ 0.40, whereas Ig(0()/Ig 2 0.79 for
eucrites and a howardite. In the case of dioge-
nites, the ferromagnetic phase of a larger
occupation in addition to ({-phase (kamacite) is
either )-phase (taenite) and/or (O +2')-phase
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(plessite). It may thus be concluded that the bulk
Ni-content in metallic component in eucrites and
howardites is considerably smaller than that in
diogenites. As pointed out by Ringwood (1961),
petrological compositions of aubrites, pyroxene-
plagioclase achondrites and diogenites have many
similarities to those of E-, H- and L-chondrites
respectively. If the Prior rule for metallic compo-

nent in chondrites is taken into consideration and

Table 1. Magnetic parameters of Antarctic

achondrites
: § 75 Xp(3000K)
Achondrites {emu/gm) IS(C’\)/IE (emu/gm/63)

YM-692 (Di) 0.19 0.40 2.8x 107
YM-74013 (#) | 0.17 0.37 3.0
YM-T4037 (#) | 0.22 0.38 2.68 #
YM-T4097 ( ; 0.32 0.29 2.40 &
YM-T4136 ( » 0.038 0.40 2.47 #
YM-T4648 ( « 0.20 0.29 2.35 +
YM-75032 ( « 0.042 0.05 2.65 +
AH-T7256 () | 0.16 0.17 2.50 ¢
YM-74159 (Eu) | 0.061 1.00 3.09 #
YM-74450( » ) | 0.22 1.00 2.94 4
AH-7605 ()| 0.076 1.00 3.23 &
AH-77302( ) | 0.012 1.00 3.0 &
AH-T78040( » ) | 0.083 0.79 2.83
YM-7307 (Ho) | 0.53 1.00 3,3 ¢
AH-77005

(Shergottite) 0.085 1.00 2.45 4
AH-77257

(Ureilite) 3.14 0.95 2.85 *

(Remarks: YM = Yamato, AH = Allan Hills)

the compositional correspondence between H-chon-
drites and eucrites and howardites and between
L-chondrites and diogenites also is taken into
account, the observed difference of Ig(Q4)/Ig
between eucrite and howardite group and diogenite
group could be reasonably justified.

() Both Ig and Xp(300°K) of YM-7307 howardite
are the largest among the eucrite-howardite group.
This means that the content of total Fe of this
howardite is the largest among these 6 pyroxene-
plagioclase achondrites. It is not certain yet,
however, whether this result is a characteristic

feature of howardites in comparison with eucrites



or simply a particular behaviour of this individual
howardite.

(d) The paramagnetic susceptibility ( Xp) of
achondrites can be measured with probable errors
of *5% from their magnetic hysteresis curves for
magnetic field between -15kOe and +15kQOe at
room temperature. Practically, Xp can represent
the content of FeO. The average Xp(300°K) value
for all measured achondrites is given by (2.78
0.25) x 1072 emu/gm. If Xp is assumed to be
entirely due to FF'eO, a possible small contribution
of MnO being neglected, then theoretically X T9K) =
5.02 x 10~2- C(Fe0)/T emu/gm/Oe (Nagata et al.
1972), where C(FeO) denotes the weight content

of FeO. Then, C(FeO) is given by C(FeO) =
Xp(300°K/(1.673 x 10™1). Xp(300°K) = 2.78 x
10~ emu/gm/Oe corresponds to C(FeO) = 16.6 wt%,
which is almost equal to the average value of FeO
content in eucrites, howardites and diogenites.

It appears in Table 1 that ¥p-values of pyrox-
ene -plagioclase achondrites are statistically
larger than those of diogenites. It is not certain
yet, however, whether the appearent difference
of Xp between the two groups is significant or not.
(e) A unique achondrite AH 77005 has recently
been identified to the so-called shergottite(McSween
et al. 1979a, 1979b) because it contains a fair
amount of Maskelynites which are exactly identical
to these in Shagotty achondrite. Magnetically,
however, its I and Ig( )/Ig values are in their
respective ranges for eucrites, though its Ip(
300°K) value is considerably smaller than the
average value of Xp of eucrites.

(r) As expected, the Ig-value of AH-77257 ureilite
amounts to an unusually high value as an achondrite,
namely, 3.14emu/gm, which is in the Ig-value-

range of LL-chondrites. However, Is(le)/lS of

AH-T7257 ureilite is almost unity, which is distinct—

ly larger than the Ig((X)/Ig~value range for LL-
chondrites, i.e. (Is(X)/Ig); ;1 & 0.60.
(g) A magnetic classification diagram for achon-

drites.

Summarizing the magnetic characteristics of
achondrite, described in (a)a(f) in the above, it
appears that achondrites listed in Table 1 can be

magnetically classified, at least, into three groups,

i.e., diogenites, ureilites and pyroxene-plagioclase

achondrites (eucrites and howardites) onan I g
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versus Ig(0¢ )/Ig diagram too. Fig. 1 shows an

I versus IS(O{)/IS_ diagram to graphically separate
As Takeda
et al pointed out (1978), the mineral compositions
of 6 diogenites from YM-692 through YM-T4648 in

16 achondrites into the three groups.

Table 1 are very similar to one another, suggesting
that all of them or several of them are broken [rag-
ments of a single diogenite piece. In this sence,

too much significance may not be able to be put on
the statistical weight of magnetic characteristics

of the diogenite group in comparison with other

kinds of achondrites.
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PALEOMAGNETISM OF ANTARCTIC METEORITES,

(I) ACHONDRITES

Takesi NAGATA

National Institute of Polar Research

In a previous paper (Nagata 1979), the paleoin-
tensity (Fp) of two Antarctic achondrites was esti—
mated to be 0.093 Oe for Yamato-74013 and 0.07 Qe
for Yamato-7307. NRM's of 2 diogenites (Allan
Hills 77219 and 77256), 3 eucrites (Allan Hills
77005, 77302 and T8040) and an ureilite (Allan Hills
77257) have been newly examined for the purpose of
estimating their paleointensity. NRM's of the two
diogenites are not sufficiently stable against the
AF-demagnetization test for the paleomagnetic pur-
pose, whereas NRM's of the other four Antarctic
achondrites are sufficiently stable after AF-demag-
netizing up to 100 Oe.peak.
NRM intensity, In{O), and the residual NRM after
AF-demagnetizing up to 100 and 200 Oe.peak re-

In Table 1, the original

spectively, In(100) and I,(200), are summarized.

The paleointensity was estimated by comparing
the AF-demagnetization curve of NRM with that of
ARM acquired in a steady magnetic field(h). That
is, the standard NRM/ARM method was adopted.

ascertained that NRM which can be AF-demagneti-
zed by HE ?{’o is mostly due to the viscous rema-
nent magnetization (VRM) acquired in the geomag-
netic field. Denoting the NRM-lost and ARM-lost
corresponding to alternating field range 4 qH’ by
ANRM and 4 ARM respectively, the palecinten—
sity (Fp) is estimated by

Fp = h- ANRM/ {,- AARM,
where j(o is experimentally determined as }0’_'-
1.3.

In Table 1, Fp-values thus determined for the
four achondrites are summarized together with 2
previously obtained Fp-values of achondrites.
Except for AH-77005 eucrite (Shergottite), Fp-
values of 5 achondrites range from about 0.05 Oe
to 0.090e. We may provisionally conclude there-
fore that the paleomagnetic field intensity when
these achondrites were formed was about (0,07
0.02) Oe.
of Fp for AH 77005, a suggestion by McSween et
al. (1979) that this achondrite might be seriously

metamorphosed and recrystallized about 1 AE ago

As for the considerably smaller value

can be taken into consideration.

y @'_-nons
& pa 10 pmaigm & Lo il Table 1. NRM and paleointensity of Antarctic achondrites
w0 Achondrites In(0) In(100) 1n(200) Fp
o (emu,/gm) (Oe)
g,! & AH-77005(Sh) | 3.61x10™° 1.95x10™> 0.72x10~° |0.010
3 7 AH-T7257(Ur) | 5.38x10~% 1.57x10=% 0.94x10-4 | 0.089
£ K AH—YTSOZ(Eu; 4.14x10-6 2.26x10=6 1.40x10-6 | 0.049
AH-T8040(Eu) | 6.36x10-6 4.17x10-% 2.41x10-6 | 0.060
2 * L " s i
h U SR8 St YM-7307 (Ho) | 6.3 x10-6 5.9 x10-6 0.07
YM-74013(Di) | 3.4 x10-6 3.2 x10-6 0.093
Fig. 1 References

As illustrated in Fig. 1 for example, the NRM-lost
resulting from AF-demagnetization is approximately
proportional to the ARM-lost resulting from the
AF-demagnetization of the same alternating field
range, from = go to H= ﬁg + Aﬁ.

The ratio of NRM-lost to ARM-lost for a field
range from O to ﬁo is considerably larger than the

same ratio for I > ﬁo. It has been experimentally
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VISCOUS MAGNETIZATION AND FERROMAGNETIC COMPOSITION
IN STONY METEORITES AND LUNAR MATERIALS

Takesi NAGATA
National Institute of Polar Research

Ferromagnetism in both meteorites (except car-
bonaceous chondrites) and lunar materials is essen—
tially due to the presence of native irons which
consist of Ni, Co and P on the base of Fe. However,
both the intrinsic and structure-sensitive magnetic
properties of meteorites are considerably different
from those of lunar materials.

(a) Viscous magnetization

The superparamagnetic and/or pseudo-super-
paramagnetic fine grains of metal have been often
found in lunar fines and lunar breccias. In terms of
the viscous remanent magnetization (VRM) in com-
parison with the stable isothermal remanent mag-
netization (IRM), lunar materials have been classi-
fied into two groups, i.e. Type-(I) group which
contains a small portion of fine metallic grains,
resulting in (VRM) & (IRM) or at least (VRM) <
(IRM), and Type-(II) group, in which (VRM) (IRM)
(Nagata et al. 1972). Schwerer and Nagata (1976)
have experimentally shown that the observed large
magnetic viscosity of Type (II) lunar materials is
due to the presence of an assemblage of very fine
metallic grains whose volume distribution spectrum
is approximately given by N(v)e:»v™2 for diameter
range from 303 to 1503. In Table 1, VRM types
of stony meteorites and lunar materials are sum-
marized. It Will be obvious in Table 1 that no Type
(11) stony meteorites have ever been found to date,
whereas all lunar fines and most lunar breccias
possess Type (II) Viscous magnetization. It has
been experimentally and theoretically ascertained
that fine metallic grains less than 1503 in mean
diameter in lunar materials were formed by explo-

sive fragmentation of lunar surface by repeated

Table 1. VRM characteristics of stony meteorites

and lunar materials

VRM Meteorites(n::&)h Lunar materials(n=21)
Type | E H di':i?::s_ Rock Fines Breccia
(1) 1 2 6 5 5 2
(1r) 0 0o 0 1 8
Total 1 2 6 5 6 5 10
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severe meteoritic impacts. Table 1 may suggest,
therefore, that stony meteorites were never sub-
jected to such an explosive fragmentation.

(b) Ferromagnetic composition

The thermomagnetic analysis of stony meteorites
and lunar materials can estimate the abundances
of various ferromagnetic phases of Fe-Ni alloy.
The distinguishable phases are as follows;

( Olp-phase) : Pure iron or kamacite of less than
3wt% in Ni-content.

( & -phase) : Kamacite phase of Ni-content
between 3 and Twt%.

((){g—phase) : Quenched phase of O{-structure of
FeNi alloy of more than Twi% in
Ni-content.

(ot +)-phase): Plessite phase in which fine grains
of kamacite (O{ -phase) and taenite
( J'-phase) coexist. The bulk con-
tent of Ni is mostly between T and
30wt%.

( } -phase) : Taenite phase of Ni-rich FeNi alloy.
The bulk content of Ni is generally
larger than 30wt%.

In Table 2, the ferromagnetic composition of
stony meteorites and lunar materials are summa-
rized. As seen in Table 2, no ((+2')-phase nor
J'-phase has been detected in lunar materials,
while no (O + (Xg)-phase has been detected and
only one example of (X +(X;)-phase is found in
stony meteorites.

(O +Xq)-phase, which means the coexistence
of ¥- and {)\‘0 -phase, can not be produced in an
(g —component in (o +0(0)—
phase is attributable either to a production of pure

equilibrium condition.

metallic iron by the subsolidus reduction of fayalites
and other iron-oxide minerals by severe impacts

or an exsolution of schreibersites from Fe-Ni-P
system by reheating up to about 1000°C followed

by a rapid cooling. Therefore (0(+0(0)—phase in
lunar materials suggests results of serious ther-
mal metamorphism probably caused by repeated

meteorite impacts.



Table 2. Composition of metallic phase in stony
meteorites and lunar materials.

(¢) Thermal histories of meteorites

and lunar materials

Metal Meteorites(n=38) Lunar materials(n=36) Meteorites also should have been
Chondrite | Achondrite . A i .
phase H L LL |Di EutHo | Rock Fines Breccia subjected to thermal metamorphism to
Ol-phase a certain extent. However, the grade
O<0 oty | © 0 0 8 7 7 6 2 of their metamorphism should be much
X only| 8 10 4 0 0 0 1 2 lower than that of lunar surface brec-
x4 % o 0 o0 0 0 3 0 11 cias and fines, which contain a large
X +0(s 0 0 0 0 2 0 2 number of very fine grains of metal
) probably resulted from explosive frag-
+ F)=
phase B9 4 4 0 0 0 0 mentation caused by serious meteorite
J-phase[ 0 1 2 |4 o 0 0 0 impacts and (X +Qlg)- or (OX+(()-
phase of metal which may have been
Total 8 11 4 8 T 12 T 17 : ;
produced by serious reheating and
rapid recooling.
Cl2-component in (0{+0{5)-phase also is a
result of reheating followed by a rapid cooling. References

J- or

(& + M-phase with ({-phase in chondrites and

On the other hand, the co-existence of

achondrites indicates their slow cooling down to
about 450°C.

Generally speaking, therefore, lunar materials
should have been subjected to serious thermal met-
amorphism during their history in comparison with

stony meteorites.
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Table 1. Real density, bulk density and porosity

3
Vl(cm ) Ml(g)
ALHA-76009 8.30 24.00630
ALHA-77231 6.30 19.32535

Table 2. Elastic wave velocity

Density(g/cm3) Porosity (%)

bulk real
2.89 3.59 19.4
3.07 3.58 14.3

Table 3. Elastic wave velocity

(Alexeyeva (1960))
ALHA-76009 ALHA-77231
Length(mm) V,(km/s) Length (mm) Vg (km/s) Mn:{:gc:’sm
11.45 2.307 9.35 3.800 Himm i
2.318 3.937 sor | Loag | Team
14.15 2.457 11.45 3.545 e | Vo
2.457 3.517
15.05 2.383 12.10 3.188 oo dll
2.296 3.139 1850 1000
2760 830
- Ly S P £5Eed
200
1130
4200 600
3420 950
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Hunting for Meteorites in Antarctica

J.0. Annexstad, NASA Johnson Space Center, Houston, Texas 77053
W.A. Cassidy, Department of Geology and Planetary Science, University
of Pittsburgh, Pittsburgh PA 15260

The great Antarctic ice sheet which contains approximately 28x106 cubic kilo-
meters of ice acts as a collector, concentrator, and preserver of meteorites. Al-
though a meteorite was discovered near Adelie Land by Mawson's party in 1912, it
was not until recent years that large concentrations were found. The Japanese
since 1969 in the Yamato Mountains, and joint U.S.-Japanese parties since 1976 in
the Trans-Antarctic Mountains, have found over 1600 meteorite pieces. Meteorites
that have fallen on the Antarctic ice sheet during the last million or more years
appear to have been transported by the ice towards coastal areas. Mountain ranges
form a natural blockage to ice flow and these coastal barriers create regions of
stagnant ice. Meteorites contained in the ice are brought to the surface as the
ice ablates by the action of katabatic winds. The mechanism which concentrates
meteorites in "blue ice" fields is not clearly understood at present. Meteorite
searches by joint Japansese/American field parties along the Trans-Antarctic Moun-
tains have been concentrated in the Allan Hills and Darwin Glacier ice fields.

The Allan Hills region was searched during 1977, 1978 and 1979 while Darwin Glacier
area was visited in 1978. Over 600 meteorite pieces have been discovered to date
along the Trans-Antarctic Mountains. A brief visit to a "blue ice" field near
Reckling Peak by an American team in 1979 produced a fey specimens from two loca-
tions. These new areas of concentration appear to be promising as future collec-
tion sites. The collection of meteorites in Antarctica is a controlled process
designed to preserve and document the specimens. Field parties are supplied with
clean lunar type collection materials and special shipping containers. Specimens
are assigned field numbers and photographed in situ with a grey and centimeter
scale. They remain frozen and are returned to U.S. under locked refrigerated
storage to preserve their original environmental state. Meteorites collected under
the sponsorship of National Science Foundation are curated, stored, characterized
and distributed for scientific analysis by Johnson Space Center and Smithsonian
Institution. The curation program at JSC is similar to the lunar program, so the
more valuable and rare specimens receive careful handling. Meteorites are handled
in a dry N, environment where they are photographed, assigned a permanent number,
chipped for thin section analysis, weighed and described. Initial characterization
and descriptive information is published periodically in a Newsletter. A special
committee called the Meteorite Working Group meets regularly to review requests

for sample and recommend to the NSF the distribution of Antarctic meteorite samples
for scientific analysis. The discovery of meteorites in large numbers in Antarcti-
ca has resulted in a new resource of extraterrestrial material for space scientists.
The excitement of these finds is also shared by glaciologists studying ice movement
and biochemists interested in amino acids in carbon-bearing specimens.
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Metallographic and Magnetic Properties of Antarctic Meteorites, Allan Hills
77255, Derrick Peak 78003 and a Russian Meteorite, Sikhote-Alin.

R.M.Fisher and A. Szirmae, U.S. Steel Research, U.S.A.
and
Takesi Nagata, National Institute of Polar Research, Japan.

The main chemical compositions of 2 Antarctic iron meteorites, ALHA-77255 and
DPRA-78003, and a Russian iron meteorite, Sikhote-Alin are as follows:

Iron meteorites l Density Main elements on the base of Fe
(wt2)
Ni Co I P
ALHA-77255 7.863 12.2 0.61 0.026
DPRA-78003 7.3706 5.4 0.51 0.40
Sikhote-Alin 7.2267 5.94 0.38 0.46

(ALHA-77255) The boomerang-like sample exhibits a moderate very dark brown

fusion crust with patches of irridescent golden brown. Regmaglypts on the flat
surface are rather small (~lmm). The microstructure consists of a Widmannstatten
pattern of kamacite lamellae about 0.02 mm in width and 0.25 mm in length on the
cross section. Occasional very fine rhabdites are visible. The probable designa-
tion of this iron meteorite is fine medium octahedrite.

(DPRA-78003)

hibits a very thin fusion crust on the top and sides and an orange stain on the

The oblong sample (7.5 em in length x~3 cm in cross section) ex-
bottom -- presumably due to contact with soil during weathering. Some schreiber-
site bands -- 0.04 mm in width -- occur with interpenetrating patches of oxide.
Numerous Neumann bands and very fine rhabdites are present. The tentative classi-
fication is Group IIB - structure class H.

(Sikhote-Alin) The general description of this iron meteorite may be found in
Buchaeald vol.3, p.1125.

~ 9 mm and heavily cracked schreibersite zones about 0.06 mm in width.

It is a coarsest octahedrite a kamacite bandwidth of

The sample
examined contains Neumann bands and other evidence of extensive deformation and a
wide dispersion of rhabdites.

Magnetic properties

Corresponding to Ni-content, the thermomagnetic curves of the three irons
exhibit respective magnetic transition points.
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