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Introduction:  The Ghubara (L5) black xenolithic
chondrite from Oman includes at least 4 large indi-
viduals, 3 being acquired in 1954, 1956 and 1958 by
the British Museum (National History).  To study cos-
mic ray effects as a function of position in the largest,
the 101.6 kg 1958 individual, we prepared 3 orthogo-
nal 1-cm cores (length, 42.5 cm, 45.8 cm, and
41.2 cm).  [When cored, this individual (hereafter BM
1958) constituted >50% of the find:  very recently,
another 300 kg individual was found.]  We split each
core lengthwise and sampled host (H) and xenolithic
types X1 and X2 at various points along each, for de-
termination of noble gases and long-lived cosmogenic
36Cl (t1/2, 301 ka), 26Al (705 ka) and 10Be (1.50 Ma).
We also sampled BM 1958 for determination of vola-
tile trace elements by RNAA, thermoluminescence
(TL) and track measurements.  We measured cosmo-
genic 14C (t1/2, 5.73 ka) in BM 1958, BM 1954 and BM
1956.

Results:  While PTS of all three Ghubara individu-
als are similar, sulfides in BM 1956 and 1958 (but not
BM 1954) are spongy, sometimes containing an eutec-
tic intergrowth indicative of a residual temperature >
988°C.  Troilite in BM 1954 is coarsely recrystallized
but not spongy, indicating lesser shock-loading (and
heating) than 1956 and 1958.

All M, X1, and X2 samples from BM 1858, as well
as from BM 1954 lie along a single mixing line on a 3-
isotope Ne plot.  The average cosmogenic 22Ne/21Ne
ratio is 1.08 and the solar 20Ne/22Ne ratio in Ghubara is
12.9, typical for solar gas-containing chondritic ratios.
Apparently, xenoliths were irradiated as dust on an
earlier surface and later combined with irradiated host.
Host and xenolith samples contain equivalent levels of
Bi, Tl, and In and are rich in Rb and Cs:  these are
chemical characteristics seen previously only in H
portions of regolith breccias.

Cosmogenic radionuclides suggest a burial depth of
~20 cm in an 85-cm meteoroid for 4.2 Μa, but cosmo-
genic 21Ne and 38Ar suggest much longer exposure,
hence two irradiation stages.

Interpretation:   Ghubara is a regolith breccia ex-
hibiting a light-dark structure, each part of which con-
tains solar gases. From induced TL sensitivity, its re-
golith was moderately mature, like Pantar I or St.
Mesmin.  While Ghubara BM 1954, 1956 and 1958 are
mineralogically similar, BM 1954 shows less shock-

loading and heating than BM 1956 or BM 1958.  From
14C, all three individuals have terrestrial ages of 2.5 ka,
consistent with derivation from a single meteoroid.

Differences between individuals are most notice-
able for noble gases.  BM 1958 cores lost most of their
solar 4He compared with BM 1954 and all previous
Ghubara data.  Shock heating in BM 1958 is also evi-
dent in loss of low-temperature TL and nuclear tracks,
and in noble gas similarities between light and dark
regions.  Low temperature TL loss, while high tem-
perature TL is still present, suggests peak temperatures
< 330°C.

The noble gas and RNAA results indicate that
Ghubara matrix and clasts represent two generations of
asteroid regoliths where solar noble gases were im-
planted and ~70% of the cosmogenic noble gases were
produced.  Ghubara was buried for >4-5 Ma, then re-
excavated and heated.  Ghubara acquired a 4.2 Ma
CRE age as an 85 cm meteoroid, with BM 1958 being
shielded at depths of ~20 cm.  During the short heat-
ing, temperatures were non-uniform.  Part of the object
(BM 1958 and BM 1956 - but not BM 1954) lost much
or nearly all 4He with nuclear tracks being erased from
BM 1958.  Such heating differences are unprecedented
in non crater-forming events, as is evidence for two
generations of regolithic exposure of a single meteor-
oid.
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