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Late Mesozoic alklaine volcanoplutonic complexes with REE-bearing carbonatites and magnetite-apatite ores were 
discovered in southern Mongolia. A typical example of such objects is the Mushugai-Khuduk complex. It hosts a REE deposit 
of the same name, which is unique in size and REE concentrations. In this report, we present the results of an investigation of 
melt and crystal inclusions in minerals of ore-bearing garnet syenite porphyry, which was recovered during exploratory drilling 
in the region of the Mushugai ore occurrence. This peculiar rocks is composed of garnet crystals up to 5—6 cm across in a 
syenite mesostasis. The phenocryst assemblage of the syenite porphyry is dominated by potassium feldspar, diopside, and 
plagioclase. Sphene, phlogopite, zircon, apatite, magnetite, ilmenite, and pyrite are accessory and minor minerals. It is 
significant that a number of salt minerals including calcite, celestite, and fluorite were detected in the accessory mineral 
association. 

Primary crytsalline and melt inclusions were found and studied in garnet, diopside, sphene, and potassium feldspar from 
this rock. It is noteworthy that melt inclusions in garnet have been very rarely described in the literature (Chupin, 2001; Titov, 
2001). 

Crystalline inclusions coexisting with melt inclusions are represented by phlogopite, potassium feldspar, albite, sphene, 
apatite, magnetite, and calcite in diopside; diopside, sphene, and fluorite in potassium feldspar; and celestite and magnetite in 
sphene. The garnet hosts crystalline inclusions of diopside, potassium feldspar, hypsum, calcite, wollastonite, and a phosphate 
minerals (16-23 wt % P 2 0 5 ) with elevated contents of SiOz (10 wt %), Ce 2 0 3 (5-7 wt %), La 2 0 3 (3 wt %), F (2-3 wt %), S (up 
to 3 wt %), T h 0 2 (up to 2.5 wt %), Nd 2 0 3 (up to 1.7 wt %), and Sm 2 0 3 (up to 1 wt %). The composition of this phase is 
transitional between those of apatite and britolite. 

The minerals of the garnet syenite porphyry bear crystallized silicate (in diopside, sphene, and potassium feldspar) and salt 
(in garnet and diopside) melt inclusions. The silicate melt inclusions in sphene and potassium feldspar are made up of a fine-
grained aggregate of isotropic and anisotropic crystals, which were not identified because of their small sizes. Amphibole and 
calcite were detected among the daugther minerals of silicate melt inclusions in diopside. Calcite and Na-Ca sulfate occur as 
daughter crystals in the salt melt inclusions in garnet. A similar Na-Ca sulfate was found by us among the daughter minerals of 
fluoride-sulfate and chloride-sulfate inclusions in fluorite from the fluorite-celestite rock of the Mushugai-Khuduk complex. 

In order to estimate the physicochemical parameters of magma crystallization, thermometric experiments were performed 
with melt inclusions in minerals of the garnet syenite porphyry. The silicate and salt melt inclusions were homogenized at 
1080-1010°C in diopside, 1030-1010°C in sphene, 1040 in potassium feldspar, and 930°C in garnet. The behavior of the salt 
melt inclusions during thermometric experiments was rather peculiar. Salt melt inclusions cannot be usually quenched to 
glasses even at very fast cooling and produce aggregates of small crystals. In contrast, homogeneous glasses were obtained in 
the thermometric experiments with salt melt inclusions in diopside and garnet from the Mushugai-Khuduk complex. 
Nonsilicate carbonate-rich glasses were obtained in the experiments of Jones and Wyllie (1983) in the CaC0 3 -Ca(0H) 2 -CaF 2 -
BaS0 4 -La(0H) 3 system. 

Homogeneous silicate and salt glasses obtained after thermometric experiments were analyzed with an electron microprobe 
(Table). The silicate glasses in diopside showed elevated contents of FeO (up to 6 wt %), CaO (3-7 wt %), MgO (up to 2.8 wt 
%), F (up to 1.6 wt %), CI (up to 0.2 wt %), and Z r 0 2 (up to 0.2 wt %). Their S i0 2 content varies from 56.6 to 63 wt %, and 
A1203 from 15.5 to 17.0 wt %. Melts trapped in sphene are rich in FeO (up to 2.7 wt %), T i 0 2 (up to 2.8 wt %), CaO (3-7 wt 
%), Z r0 2 (up to 0.8 wt %, and F (up to 0.9) and essentially free of MgO (0.03-0.08 wt %). Their S i0 2 contents range from 
62—66 wt % and A1203, from 15.0-19.5 wt %. The compositions of homogenized glasses from potassium feldspar are high in 
FeO (3 wt %), CaO (3 wt %), BaO (0.3 wt %), and Z r 0 2 (up to 0.13 wt %) and low in T i 0 2 (0.06-0.20 wt %) and MgO (0.4-
0.7 wt %) at an S i0 2 content of 64 wt % and A1203 of 18 wt %. All the silicate melts studied are conspicuous in very high 
alklai contents: N a 2 0 + K 2 0 from 9 to 17 wt % and a predominancle of K 2 0 over N a 2 0 ( K 2 0 / N a 2 0 ~ 3 : 1). The concentrations 
of various components in the melts vary regularly with increasing S i02 content (differentiation degree): FeO, MgO, CaO, and 
F decrease and A1203, Na 2 0 , BaO, and Z r0 2 increase. The compositions of silicate melts trapped in diopside, sphene, and 
potassium feldspar of the garnet syenite porphyry fall within the peralkaline syenite field of the S i0 2 - N a 2 0 + K 2 0 
classification chart. 

An important result of our investigation is the discovery of salt melt inclusions in garnet and diopside coexisting with 
silicate melt inclusions. The inclusions of silicate and salt melts were documented both in different crystals and coexisting in a 
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