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Introduction

South Estern Pamir belongs to the largest Pamir  khalayan collisional orogen (Fig. 1) and is characterized
by abnormally thick (to 70- % km) continental crust. The only source of information on the composition of the lower
crust and upper mantle under this region are deep wated xenoliths in Neogene alkaline kesaltoid diatremes.
Xenoliths consist of mantle and lower austal rocks. The latter are represented by various granulites (Grt K, Grt
Opx @x, Grt B Qx)and P} alogites (Grt GxPI granulites). The mantle xenoliths are dominated by eclogites
(bimineralic, or kyanite, sanidine, and biotite taring) and garnet clinopyroxenites.

Minerals in these xenoliths contain primary melt and fluid inclusions, which provide a wealth of
data on the origin and evolution of these lower-crustal and mantle rocks.
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Fig. 1.
The Pamir-Himalayas collisionnal orogen in thetectonic structure of Central Asia (according to K.S. Valdiya, 1984)

Results

Primary melt inclusions have been found in garnet, orthopyroxene, kyanite and some other minerals from
all lower austal granulites and P} elogites, and mantle eclogites (Fig. 2). Almost all inclusions in garnet are partly
decrepitated, but not in other minerals. These inclusions contain glass+heterogeneous fluid bubbletseveral
microcrystallites. According to freezing data and Raman analysis, the fluid phase of melt inclusions in garnet and
other minerals from all studied rocks is represented mainly by high density CO,.

Some grains of garnet from eclogite, Grt @x Rgranulite, and Ky and Opx laring granulites contain
primary inclusions of high density CO, (>0,8 g/cm?) and syngenetic melt inclusions, that imply the early stages of
granulite and eclogite crystallization in the presence of both CO; sturated melts and free CO; rich fluid.

High external trapping pressure of melt inclusions in quartz and other minerals is suggested by the formation
(segregation) of additional bubbles of very dense CO, during heating runs. Melt inclusions in garnet from Cpx R
granulite homogenized at 1020°C and in quartz from massive Grt K/ granulites homogenized at 1000°C during
heating experiments in an apparatus with a high (12 kbar) external pressure. These data are in good agreement with
mineral estimates, about 940°C for temperature and above 12 kbar for pressure.

The chemical composition of trapped melts in garnet and apatite from Cpx PI granulite correspond to a
peraluminous K Ndacite and a strongly peraluminous K  Nrhyodacite respectively (Table 1). Inclusions in garnet
and other minerals from massive and gneissic Ky ganulites correspond mainly to a strongly peraluminous
subalkaline K rich rhyodacites (Table 1). Inclusion glass in minerals from Grt-Cpx-Pl granulite and from
massive Ky-granulites is enriched in chlorine, whereas inclusion glass in gneissic Ky-granulites does
not contain detectable chlorine (Table 1 and Fig. 2). In inclusions occuring in quartz from massive Grt K/
granulites, the CO, content of trapped melt was estimated to be roughly 1,6 1,8 wt.%. Water and trace element
contents are given in the Table 2 and in the Fig. 3 (data of ionic microprobe analyses). The low HREE contents seem
to be due to the crystallization of early garnet.
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Primary melt inclusions in minerals from
Grt-Opx-Cpx granulite (sample 1324)

Table 1. Representative chemical composition of glasses of melt inclusions in minerals from Grt-Ky
and Grt-Cpx-Pl granulites, wt.%
[ # [ Hostmineral | Si0, TiO, ALO; FeO MgO CaO NaO KO Ci | Totl| Tofheat’c
messive Grt-Ky granulites
1 [ 6951 016 1462 091 033 144 167 569 021 | 9454 [  unheated
2 Ky 7156 014 1650 082 016 051 142 524 - 95,83 1050
3 Ky 6878 005 1774 018 002 124 161 661 002 [ 9625 unheated
4 | ZiconinKy [6838 039 1759 216 023 076 155 524 - | 9651 1050
5 | ApinGrt [7291 019 1480 085 022 068 082 528 035|960 | unheated
6 7264 023 1502 079 015 062 182 695 033 [ 9855 1050
7 Qu 7067 030 1455 074 006 163 192 642 040 | 9669 [ unheated
gneissic Grt-Ky granulites
8 Grt 7009 009 1673 35 077 176 174 547 001 |10016 1060
9 Gt 7207 018 1485 095 009 121 213 525 002 [ 9675 [ unheated
10 Ky 7076 007 1517 023 007 043 314 434 - |9436 1050
1 Ky 704 013 1567 01 0 082 189 429 001|9331| unheated
12 | ApinKy [6832 008 1605 053 024 083 227 758 001 9874 1050
13 | ApinKy [7017 008 155 043 011 063 158 61 001 [ 9461 [ unheated
14 | Monazite [6691 007 1409 03 001 048 208 477 - | 894 1050
Grt-Cpx-Pl granulite
15 Grt 98 5 6 3 363 97,38 1050
18 Gt 66 02 1541 216 083 329 149 391 024 | 9353 1000
19 Grt 6808 006 1535 144 019 238 185 517 026 [ 9478 880
20 Gt 6963 01 1548 071 002 219 22 462 03 [9525 700
21 Grt 6924 017 1542 034 003 228 245 436 027 [ 9456 [ unheated
22 | ApinPl [6898 033 1465 388 078 099 218 329 022 | 953 | unheated
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Fig. 2 Diagrams of CI - SiO, and K,0-Cl for melt inclusions

1-in garnet from Grt-Cpx-Pl granulite; 2 - in kyanite, garnet, apatite, zircon and quartz from massive Ky-granulites; 3, 4 - in garnet (3),
kyanite, apatite and monazite (4) from gneissic Ky-granulites

Combine primary melt inclusion in zircon
from Grt-Ky granulite (sample D-1175)

Primary melt inclusions in kyanite from Grt-Ky granulite (sample P-1-2)

Table 2.
Trase element composition (SIMS) of glasses in unheated melt
inclusions and amphibole from Estern Pamir xenoliths

Grt-Cpx-PI granulite Grt-Ky granulite
MlinGrt _Amph M1 inQtz
ppm

cr 23631 38605 | 351 1,40 295

sr 11158 107,06 | 7920 34366 250,90

zr 12109 4427 | 14082 12842 13440

Ba 341,13 18436 | 22964 530,78 433,00 1000

Ce 3867 57,24 | 21839 21421 164,30

sm 1,69 594 | 1006 924 5,40

Er 2,48 076 0,62 074 044

Th 2226 028 | 4059 5967 2123

Yb 2,98 053 035 044 031 100

Dy 3,98 1,66 119 132 1,05 H

Eu 0,68 1,30 0,91 1,46 150 g

Nd 673 31,74 | 748 6876 60,70 [

La 2958 1931 | 9686 10747 110,80 g

Nb 0,47 031 233 330 174 5 1w

Y 2463 412 3,02 2,08 153

Ti | 1764,68 16039,92| 164518 140544 123500

B 1146 080 | 1269 1403 7,80

Li 15086 6,13 2,86 288 630

Be 126 117 8,61 6.73 3.80
H.Owt9%| 2,38 0,45 3,96 301 083 1

0+ | 214 356 270 075 La Ce  Nd SmEu Dy Er Yb

H,0* - estimation for the possible 10% melting of the host Fig. 4. Chondrite-normalized REE pattern for glasses of unheated
=Rt cociatoy melt inclusions from the Estern Pamir xenoliths (sample 1175, P5)
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Primary melt and fluid inclusions in garnet from various xenoliths

Conclusion

- The occurrence of melt inclusions in garnet and other minerals from major types of deep ated xenoliths in
Eastern Pamir indicates the importance of magmatic processes during the formation of the lower crust and upper
mantle in this region.

- CO, took an active part in these processes.

- All minerals (including subliquidus garnet) of lower- austal Grt Gx Rand Grt Kgranulites crystallized
from (or with the participation of) high tmperature K Ndacite and K rich strongly peraluminous rhyodacite
melts, characterized by a low HREE content. This fact suggests that incongruent melting of K faring basic and
more acid high dumina rocks took place in the lower crust, at pressure above 12 kbar, with the formation of acid
magmas and crystallization of dense eclogite or granulite paragenesis (garnettclinopyroxene).




