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Geochemical Investigation of the Refractory
Inclusions in the Ningqiang Carbonaceous Chondrite

Name: Fang Hong
Supervisor: Feng Xizhaug
Degree: Doctor

ABSTRACT

The Ninggiang carbonaceous ckondrite is the first falling carbonaceous
chondrite in China. The geochemical characteristics of the refractory inclu-
sions in the meteorite including petrology, mineralogy and chemical com-
positions were studied by many kinds of scientific methods such as optical
microscope, clectron microprobe, and instrumental — activation analysis and
so on. The purpose of the work is to confirm the correlation between the

- types of chondrites and the types of refractory inclusions through comparing
the inclusion characteristics of Ninggiang with other CV chondrites ,especial-
ly the Allende meteorite. On the basis of the analysis for the features of the
energy required in forming the inclusions , the paper inferred the possible
genesis of about the correlation and the cosmochemistry significance of the
refractory inclusions.

About 70 grams of Ninggiang material were used for investigation. we
described Ningqiang’s 13 Ca, Al - rich inclusions, 15 olivine aggregates, and
some melting chondrules, discussed in different degree of detail the origin of
these samples. Because of having some relationship with the bulk feature of
inclusions, the rock features of this meteorite in petrology, petrologic chemist-
ry, and meteorite matrix chemical compositions were also studied. The main
results are as follows.

1. Petrology, Petrologic Chemistry, and Matrix Chemical Compositions
of the Ninggiang Chondrite



(1) The characteristics in petrology, petrologic chemistry of the
Ninggiang chondritc are similar to those of CV chondrites’s. In spite of its
low model abundances of the Ninggiang refractory inclusions , high model
abundances of olivine aggregates, and high matrix/chondrule volumetric
ratio relative to Allende and CV chondrite, the Ningqgiang meteorite is a typi-
cal oxidiziag CV chondrite. Refractory lithophile and refractory ai&c_rophilc el-
ements (Ca, Al, Ti, V, L4, Nd, Sm, Sc, Ir) are depleted in Ningqiing ( - 0.86 x
Allende, —0.83 x CV), it most likely associated with the low abundances
of refractory inclusions. The abundances of siderophile element Fe, Co;,N_i,_
Au are closc to those in Allende and CV chondrite, Na is slightly cnrlckid_
and Mn, Cu show depletion, | -

(2) The clemental weight ratios ( Na, K, Mg, Ca, Fe, AL, Ti, Mo, Ni )/ §i
of Ningqiang matrix are within the range of the corresponding ratios of CV
chondrite matrix, Ca/Si and Al/Si ratios are high relative to those in the
other CV chondrite matrix., Comparing with the whole—rock bulk composi-
tion, the Ninggiang matrix is slightly enriched in light REE and Fe, other el-
ements do not show obvious differences. The chemical compositions of either
major clements or trace clements exhibit heterogencous distribution in the
Ninggiang matrix.

(3) In the chemical compositions of the black rim of the refractory com-
pound in Ninggiang, element Fe is enriched and refractory lithophile ele-
ments and Ay, Co, Ni are depleted to the mean composition in the Ninggiang
matrix. _

2. A Muscovite — Quariz Vein A Muscovite — Quartz Vein was
found in a Ningqiang thin section in this work. No report about the analo-
gous object in meteorite has been seen. The mineral constituents of the vein
are quartz, muscovite, illite (which was discovered firstly in meteorites),
chlorite and some opeque minerals. The wall of the vine was composed of a
black belt whose chemical compositions is similar to that of the matrix of th:
meteorite. We also have discussed the forming condition and origin of tie
vine. |

3. Fine-— grained Inclusions and Spinel-rich Inclusioas The
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fine — grained inclusions of Ninggiang are similar to the same type Allende
inclusions in appearance and alteration features. The mineral constituents in
Ningqiang spinel — rich inclusion NQ — 32 are spinel and pyroxene. Relative
to CI chondrite its elemental abundance models of REE (II type ),
siderophile as well as moderately volatile elements resemble respectively the
abundance models of the spinel— rich inclusions in Allende. The mincral con-
stituents and ring structure of inclusion T~ 15— 13 are similar to those of in-
clusion 0702 of Allende respectively.

4. Olivine Aggregates and Melting Chondrules We found that
olivine aggregates in Ningqiang are a kind of the object whose characteristics
in petrology and chemical compositicns varies significantly. By their
petrologic and chemical features, we classified them as three types: A, B, C.
The material in type A is of fine grain; the color of type B is very white, and
its grain size is rclatively coarse ; the color of type C is white —grey or
white — yellow. The models of REE in the three aggregates types are all
flat, element Ce generally shows negative anomaly , and Eu, Yb do not show
obvious anomalies. The enrichment factors relative to CI chondrite of
siderophile and modecrately volatile clements in the three aggregate types are
mostly less than 1.The refractory element abundances from the type A to B
and to C appear a gradually reducing trend. Element Fe and Co in a type B
aggregate NQ -5 are very depleted, and its coarse — grained phase contain
more refractory clements and less nonrefractory elements than those of the
fine — grained phase respectively, The mean of the enrichment factors relative
to CI chondrite of the each refractory elements in the three type olivine ag-
gregates is 8.4, which is larger than the corresponding value in Allende
(4.3). It indicates that the refractory elements in the Ningqiang olivine ag-
gregates are more abundant than those in the Allende olivine aggregates.
The chemical compositions of the Allende olivine aggregates are similar to
the those of the Ninggiang type C aggregates.

The mecan of the enrichment factors of the refractory elements (Al, Sc,
Ti, La, Sm, Ho, Tm, Yb, Lu, Ta, V, Ir) of the Ningqiang melting chondrules is
6.39. The chemical compositions of the melting chondrules are relatively
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close to the compositions of the type C olivine aggregates. Ir/Sm ratios in
the melting chondrules are less than those in the samples of type C olivine
aggregates, There is a negative correlation between clements Cr and Sm in
the melting chondrules, In each chordrule the contents of eleinent Fe and Au
in edge part are more than those in inner part of the chondrule respectively.

5. Melilite — rich Inclusions The different melilite —rich inclusions in
Ningqiang displayed the differences in the petrologic features such as its
shape, size and texture and so on. For example: their shape can be
irregular, lump, subg , and globe. The size of the inclusions are often less
than 3—4 millimeters, the greatest one found in this work is less than 1
centimeter. Some inclusions are of fine—grained texture and some
coarse — grained texture, the inclusions with mixed texture of fine — grained
and coarse —grained materials are also exist. Many inclusions have
pyroxgenic edge. The composition of melilite in the Ninggiang inclusions is
ncar gehlenite, their AK values are mostly in the range of 5 to 15 mol%. The
mean of the enrichment factors of the refractory elements (Ir, La, Ce, Sm,
Eu, Tb, Ho, Yb, Lu, Sc, Ti) of the inclusions is 28,39, which is larger than
the corresponding value in Allende (17.5). The abundances of nonrefractory
clement Na, Cr, Mn, Fe, Co, Ni, Au are similar to those abundances in the
same kind inclusions in Allende, The enrichment factors of these eclements
arc mostly less than 1. Element Sc shows a obvious selectivity that it is en-
riched in pyroxene, and depleted in melilite and spinel. Element Ir and V in
some inclusions have small enrichment factors relative to other refractory el-
ements , which showing fractionations of in different degree from other re-
fractory elements. Except for inclusion NQ— 18, most inclusion have flat
REE model, thc Eu anomaly is not sigmificant. In the REE model of
NQ - 18 Jight REE are eariched and heavy REE are depleted, and Ce and
Eu show negative anomaly. A kind of extremely Al-—rich pyroxens tn inclu-
sions PM010 and 54— 8 was found. We think that there likely is a now varie
ty of clinopyroxene,

Generally speaking, the comparison of the inclusicns from Ningqgiang
with those from Allende meteorite indicates that there are many similaritics
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in the inclusion features, including mainly that the inclusion types of the two
meteorites are similar — — — they are mainly melilite — rich and spinel — rich
inclusions and olivine — rich aggregates; A kind of super — refractory inclusion
which contains abundant hibonite and spinel, and exists in CM meteorite,
was not be found. Although the petrologic features of different
melilite — rich inclusions in Ninggiang display the differences in the shape,
size and texture and so on , most of their equivalent objects can be found
in Allende, the REE model of the olivine —rich aggregates and melilite - rich
inclusions are mostly flat type, the spinel —rich inclusion NQ— 32 has II
type REE model. These characteristics confirmed further that some features
of inclusion, especially their types, in a same subgroup of chondrite are similar,

The differences of the jnclusions in Ningqiang and Allende
meteorites were also studied. The abundance of inclusions in Ninggiang is
significantly less than Allende’s, and the size of the inclusions of Ningqgiang
often smaller. The most of Ca—,Al—rich inclusions in Ninggiang are similar
to the type A inclusions in Allende meteorite, the inclusions like the type B
of Allende is rare in Ninggiang. The Al content of melilite in the Ningqiang
inclusions scem more than that of melilite in Allende inclusions, and the
composition range of melilites of Ninggiang is narrower than that in Allende
melilites. The enrichment factors of refractory elements of Ninggiang olivine
aggregates and melilite —rich inclusions have larger values than the corre-
sponding values in Allende meteorite. From these results, we concluded that
bulk composition feature of the inclusions in Ningqiang is slightly more re-
fractory than that of Allende inclusions.

Some views about the possible genesis of the correlation between the
subgroups of meteorite and the types of meteorite inclusions as well as a the
cosmochemistry significance of these inclusions were presented as follows:

{1) The meteorite refractory inclusions were formed in isolated, small
scale heat events; formed in a cold solar nebula; formed in the asteroid belt.

(2) In the neighborhood of the asteroid belt, a certain high energy event
may have taken place. The refractory inclusions in meteorites were the re-
sults of an indirect effect of that cvent on the material of the solar nebula
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from which the inclusions were formed. The different types of inclusions in
various subgroups of metcorite may be related to the different extent of the af-
fection from the event, and the affection extent was contirolled by the dis-
tances between different meteorite to that event.

(3) Individual inclusion can only reflect some nebula heat processes
which took place in a very limited nebula space. The their guiding signifi-
cance to the physical — chemical state of the macrocosmic nebula is limited.
However, in spite of the small size of these inclusions the study of metedrit_e_
inclusions combining with astro — observation, these inclusions should tell us
the story of a greater range solar system space, that is to say these refractory

inclusions will have greater cosmochemistry guiding significance.
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The Investigation of the Characteristics of
Superhigh Energy Cosmic Ray Hadronic
Interactions and relative Phenomena

Name: Zhang Chunsheng
Supervisor: Huo Anxiang
Degree: Doctor

ABSTRACT

Cosmic ray rescarch is an important way for investigating
superhigh energy hadronic intcractions and astrophysics. As one of the main
experimental detectors, the muontain emulsion chamber is used to récord a
boundle of high energy particles (called a family ) in the core region of the
EAS, which is originated by primary cosmic rays. Two main subjects 6f the
muontain emulsion chamber experiment is investigating the hadronic
interactions and primary composition of cosmic rays in the energy region of
10 “-10"" eV from the analysis of family events. Very high energy familics are
often‘associated with a halo, a dark spot (extended arca with diameter of mm
to several cm) recorded on the X-ray film due to a large number of
electromagnetic cascade showers developed in the absorber (usually iron or
lead). In this thesis, we have analysed the characteristic featurcs of high en-
ergy families (mainly halo) obtained by Mts. Kanbala and Fuji collabora-
tions, and discussed the three dimensional development of cascade showers
and the normalization problem of the halo spot measured under various
experimental conditions. By the comparison of our experimental data with
the Monte — Carlo simulation, we have also studied the ha onic interactions
and primary proton intensity in the energy region of 10'*~10 ' eV. In the
following are summarized the detailed works:
1.We discussed the propagation of super high energy cosmic rays in the at-

mosphere and the formation of a halo in the emulsion chamber. The result
— 13 —



