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Petrology of the mantle —derived xenoliths in alkaline
basalts from the Vitim plateau, Trans—Baikal : an
approach to models for primitive mantle and
metasomatic modification,
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Alkaline basalts in the Vitim plateau contain numbers of mantle—derived peri-
dotite xenoliths, which were highlighted in this study to understand the primitive
compositions and the medification processes of lithospheric mantle in relation to
the continental rifting generated in the Trans—Baikal region.

The mantle-derived xenoliths were sampled from the alkaline basalts erupted
during the rifting-related volcanic activities, which are divided into Stages I

(Middle Miocene), 11 (Middle to Late Miocene), and III (Pliocene-Pleistocene). The
xenoliths from the Stages I and III have similarities in modal compositions and
textural features. The major rock type is lherzolitic. The whole rock compositions,
ranging from fertile to moderately depleted, display neither differences between
xenoliths from both the stages nor difference between the spinel and garnet therzo-
lite suites. The abundance of the fertile rocks is considerably high. The most fertile
compositions of lherzolites fit the model compositions proposed for primitive
mantle. Uniform chemical compositions of minerals in lherzolites suggest that the
whole rock depletion in basaltic components is due to the modal heterogeneity
without any relations to the host magmas of the modern volcanic activity. There'is
a difference in chemical composition of minerals between the spinel and garnet
lherzolites. The effect of garnet formation is expressed in terms of decrease in Al
and increase in Cr detected in spinels and pyroxenes.

Three types of metasomatic modification were described: vein type, interstitial
type and inclusion type. The first two types represent a gradational variety formed
by melt/fluid channeling. Six modes of occurrence were encountered. The vein
type includes (1) phlogopite—clinopyroxene veins, (2) phlogopite-pargasite/kaer—
sutite veins, and (3) pargasite veins. The interstitial type involves (4) interstitial
phlogopite and (5) interstitial pargasite. The inclusion type is (6) phlogopite inclu-
sions in minerals of cumulates. The constituent minerals in the modified xenoliths



show compositional variations resulted from an interaction with metasomatic
agents. Three agents can be estimated as those derived from the host magmas for
the Vitim mantle. Hence, the metasomatic modifications are considered to have
been related to the modern volcanic activity.

Two geotherms obtained from the geothermobarometry of the Vitim xenoliths
for the Middle Miocene and the Pliocene-Pleistocene, of which temperature differ-
ence is approximately 50C, suggesting a heating event of the upper mantle from
the Stage I to the Stage III. Inflections were detected on both the Miocene and the
Pliocene-Pleistocene geotherms. The pressure difference between the inflections is
4 kbars. It is concluded that thickness of the lithosphere beneath the Vitim plateau
reduced from 96-110 km to 83-93 km during 10-15 Ma. The inflections, providing
the best estimations for solidus of the Vitim mantle, are located at T=12007C and
P=32 kbar, and at T=1175C and P=27 kbar, respectively. It is conformed that the
H20/CO2 ratios of the water-undersaturated conditions were about 0.8.

Concludingly, the following models for the upper mantle development beneath
the Vitim plateau are proposed on the basis of the above results. (1) Prior to the
rifting the upper mantle was composed of modally heterogeneous spinel and garnet
lherzolite with a very fertile composition close to the primitive mantle. The tran-
sition between these two facies was located at P=23-19 kbar. (2) During Middle
Miocene, the upper mantle was modified metasomatically around magma channels.
A pressure—controlled zoning of the following metasomatic types was formed;
interstitial phlogopite at P=31-20 kbar, phlogopite—clinopyroxene veins at P=28-24
kbar, phlogopite-pargasite/kaersutite veins at P=26-22 kbar, pargasite veins at
P=23-22 kbar, and interstitial pargasite at P<22 kbar. (3) Successively, the upper
mantle was heated by approximately 50C. The phlogopite—clinopyroxene veins
were only formed at P=23-21 kbar.
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