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Fig. 1 Geological sketch map of study area
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Fig. 3 Petrograph of the garnet-pyroxenite and retrograde rocks by decompression
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Table 1 Electron microprobe data of pyroxenes
0312 278—4
Cpx Opx Cpx Opx
SiO; 49,87  49.56  49.07  48.06 49.36 49.17 49.85 49.95 50.05 51. 31 51.23 50.24 49.33 48.91
TiO, 0. 32 0.15 0. 05 0.21 0. 20 0. 30 0. 14 0.09 0. 04 0.01 0. 06 0.03 0. 01 0. 00
Al O3 6. 89 6. 64 6. 50 4. 38 3.73 3.53 1.74 0. 97 1.02 0.52 0. 88 1.12 0.91 0. 97
Crz O3 0. 21 0. 20 0.12 0. 00 0. 08 0. 06 0. 04 0.09 0. 10 0. 04 0. 00 0. 00 0. 00 0. 26
FeO 10. 70 10. 05 10. 57 10. 81 8. 96 12. 00 11. 63 12.77  29.39  28.86 14. 52 13.74  34.83  36.00
MnO 0. 24 0. 28 0. 38 0. 36 0.25 0. 33 0. 50 0. 30 1. 17 1. 22 0.18 0. 34 0.72 0. 68
MgO 10.03 10. 56 10. 35 12. 03 13.53 12. 50 12. 49 12. 68 17. 25 17.51 10.70 10. 54 13. 09 11. 91
CaO  19.64 20.53 21.83 23.51 23.30 21.38 22.14 22.43 0. 54 0.47  20.33 21.82 0. 69 0. 68
Na, O 67 0.55 0.47 0.23 .03 25 0. 30 0. 20 0. 09 0. 00 0.16 0.21 0. 00 0. 00
KO 0. 14 0. 10 0.18 0.02 0. 08 0.02 0. 02 0.09 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
98.71 98.62 99.52  99.61 99.49  99.54  98.83 99.56  99.64  99.93 98.06 98.04 99.58 99.41
Si 1. 90 1. 88 1. 85 1.808 1.846 1.856 1.897 1.894 1.943 1.979 1.99 1. 95 1. 97 1. 97
Ti 0. 01 0.01 0. 00 0. 01 0.01 0.01 0.01 0.01 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
AV 0.10 0.12 0.15 0.19 0.15 0. 14 0. 08 0. 04 0. 05 0.02 0.01 0. 05 0. 04 0.03
AlV 0. 21 0.18 0. 14 0.01 0.01 0. 01 0. 00 0. 00 0. 00 0. 00 0.03 0. 00 0.01 0.01
Fe™? 0. 00 0. 00 0. 04 0. 00 0. 00 0. 00 0. 14 0.18 0.07 0. 00 0. 00 0.07 0.03 0. 01
Fe'? 0. 34 0. 32 0. 29 0. 34 0. 28 0.31 0.23 0.23 0. 88 0.93 0. 47 0. 37 1.13 1. 20
Cr 0.01 0.01 0. 00 0. 00 0. 00 0. 00 0. 00 0.01 0.01 0. 00 0.01 0.01 0. 00 0.01
Mg 0. 57 0. 60 0. 58 0. 66 0.75 0.70 0.71 0.72 0.99 1. 00 0. 62 0. 61 0.78 0.71
Mn 0. 01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0. 04 0. 04 0.01 0.01 0.02 0. 02
Ca 0. 80 0. 84 0. 88 0.95 0.93 0. 87 0. 90 0.91 0.022 0.019 0.85 0.91 0.03 0.03
Na 0. 05 0. 04 0.03 0.02 0. 00 0.02 0.02 0.01 0.01 0. 00 0.01 0.02 0. 00 0. 00
K 0. 01 0. 01 0. 01 0. 00 0. 01 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
Wo 46.61  47.43  48.75 48.47 47.21  46.03  48.39 48 66 1. 14 0.95 43.54  45.96 1.48 1.48
En 33.12  33.94 32.16 33.67 38.07 37.04 38.17 38.50 51.24  50.25 31.88 30.89 39.04 36.11
Fs 20. 27 18. 63 19. 09 17. 86 14. 72 17.99 13. 44 12.83 47.62 48.74 24.58 23.16  59.49 62.41
CaTs 5.16 6. 21 5. 44 3. 56 3.43 2.70 0.98 1.42 0. 59 3.51
Jd 5. 44 4. 40 2.87 2.01 0. 00 2.10 0.02 0.02 1.23 0. 04
, %;5Si, Ti, -+, Na, K ;Wo,En,Fs,CaTs,Jd , %.
, 0312 Grt+Q——An+0Opx
. w(Si0,) 40, 66%~45, 20% ,w(ALO;) 2
14.92% ~9. 27%,w(MgO) 6. 87% ~11. 56%. .
w ( Alz 03 ) ’ N ’
, (8],
(1000 C) s
1. 2~1. 7 GPa RAN
4 ,
b
b
Cpx+Grt+Q—+ ,
Ru, s Cpx 1. 2 GPa
Grt Opx+ An+ ,
Cpx, 0312
278—4 .2

Cpx(

) +Q—An—+Cpx(

)

w(Na, ) (0. 57%~0.72%) .
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Table 2 Electron microprobe data of Grt, Pl and Am
0312 278—4m 0312 278—4 0312
Grt Grt Pl Am
Pl <
Cpx
SiO, 36.74 36.66 37.35 39.25 38.49 37.52 53.76 47.46 49.10 55.29  40.66  45. 31 45. 29
TiO, 0. 09 0. 10 0. 03 0. 06 0.01 0. 00 0.11 0. 00 0. 00 0. 00 0. 22 1.18 1. 38
AlbOs  21.99 22,00 21.92 20.08 22.20 21.41 29.72 33.66 32.64 29.21 14. 92 9. 27 9. 86
Cry0; 0. 05 0. 08 0. 00 0.13 0. 00 0. 00 — - - - 0. 21 0.03 0. 09
FeO 25.04  24.89  25.90 24.44  25.27  28.20 0.11 0. 32 0. 21 0.48  20.78 16. 07 17.38
MnO 0. 59 0. 50 0.59 0.51 0. 47 1. 18 0.01 0. 00 0. 00 0. 02 0.18 0. 30 0. 31
MgO 3. 77 4. 11 5.53 5.43 4. 94 2.99 0. 00 0. 00 0. 00 0. 00 6.87 11.56  11.22
CaO 11.73  11.64 9.02 9.63 8. 14 7.41 11.24 1839 15.49 10.72 11.81 11.71 11.11
Na, O 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 5. 11 1. 10 3. 00 4.16 0. 98 0. 83 0.93
K>0O 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 05 0. 01 0. 08 0.29 0. 69 0. 85 0. 98
100.00  99.98 100.34  99.53 99.52 98.71 100.11 100.94 100.52 100.18 97.31 97.10 98.51
Si 2. 87 2. 86 2. 86 2. 96 2.98 2.98 4. 85 4. 36 4. 49 4. 93 6.12 6. 67 6. 58
Ti 0.01 0.01 0. 00 0. 00 0. 00 0. 00 0.01 0. 00 0. 00 0. 00 0. 03 0.13 0. 15
ALY 0.13 0. 14 0. 14 0. 04 0.02 0. 03 3.16 3. 64 3.01 3.07 1. 88 1.33 1.42
AV 1. 90 1. 88 1. 84 1.74 2. 00 1.97 0. 77 0. 29 0. 27
Fet3 0.08 0.08 0. 09 0. 09 0. 09 0. 10 0. 00 0. 00 0. 00 0. 00 0. 81 0.67 0. 94
Fe'2 1. 56 1. 54 1. 66 1.73 1. 64 1. 87 0. 01 0. 03 0. 02 0. 04 1. 81 1.32 1.17
Cr 0. 00 0.01 0. 00 0.01 0. 00 0. 00 — - - — 0.03 0. 00 0.01
Mn 0. 04 0.03 0. 04 0.03 0.03 0. 08 0. 00 0. 00 0. 00 0. 00 0.02 0. 04 0. 04
Mg 0. 44 0. 48 0.63 0.61 0. 57 0. 35 0. 00 0. 00 0. 00 0. 00 1. 54 2.55 2.43
Ca 0. 98 0.97 0. 74 0.78 0. 68 0. 63 1. 09 1. 81 1.52 1. 69 1.91 1. 86 1.73
Na 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 89 0. 20 0.53 0.72 0. 28 0. 23 0. 26
K 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 006 0. 001 0. 009 0.03 0.13 0. 16 0.18
Alm 51.56  50.97 53.99 54.96 56.19  63.73  45.00 9.80 25.90  29.40 (Ab)
And 4.12 4. 11 4. 51 4. 94 4.12 4.73  54.70 90.20 73.70  69.20 (An)
Gro 28.30 27.79 19.65 19.30  19.06 16. 76 0. 30 0. 00 0. 40 1. 30 (Or)
Pyr 14.57 15.79 20.60 19.35 19.57 12. 07
Spe 1. 30 1.09 1. 25 1.03 1. 06 2.71
Uva 0.16 0.25 0. 00 0.42 0. 00 0. 00
» %550, Ti,++, Na, K ;Wo,En,Fs,CaTs, Jd .
Na, O , , 0312 0. 80~
0.96 GPa,278—4 0.90~1. 21 GPa.
Llo~12] , 0. 8~1. 4 GPa s
845~896 C 1. 21 GPa.
Grt( ) + Opx+ Cpx( )+
Pl, Powell- ,
Nieke] ,0312
Ga—Cpx 855~884 C, R
766~739 C,278—4 2 (2]
937~993 C 928~ 1. 7GPa
955 C. s Ga+ 0], s (151
Cpx+Q—0Opx—+Pl , Paria M
)— — « -
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Petrologic and Geologic Significance of Garnet Pyroxenite and Mafic
Granulites from High Himalayan Region, Tibet

LIAO Qun-an, LI De-wei, YI Shun-hua, LU Lian
(Faculty of Earth Sciences, China University of Geosciences s Wuhan 430074, China)

Abstract; HP garnet-pyroxenite and the mafic granulites formed by decompression have been found
in the high-Himalaya crystallinites (HHC) from Kada-Zaxang near Dingri County, Tibet. The mineral
assemblage of the HP garnet-pyroxenite in early stage, Grt+Cpx(rich in Al;O;) +Ru+Q, without any
plagioclase, was formed in 845—896 C and 1. 2 GPa, with pressure as high as that in eclogitic phase.
While the mineral assemblage of mafic granulite was Opx=Cpx(Al-poor ) +PI(An high up to 90) £Grt
(rim) , of which the Opx, Cpx and Pl are symplectite which replaced the early Grt and Al-rich clinopy-
roxene in decompression condition; t=993—776 C, p=1. 21 —0. 80 GPa. The latest mineral assem-
blage, Hb+PI+Q, found to have replaced the assemblage of mafic granulite, was formed by retrograde
metamorphism in amphibolitic phase. All of this show that the HHC have undergone an HP metamor-
phism and a stage of decompression retrograde metamorphism and that in early stage the temperature
rose with the decompression, but in late stage it dropped with the decompression. Therefore, it can be
assumed that the uplifting of the HHC was related to the hot source of the mantle.

Key words: high-Himalaya; garnet-Nielamu; garnet-pyroxenite.

KK K K K K K K K X X X K K K K KX K K KX KX X K K KK K KK KX X X KX KX K KX X K KX X X X X

( 626 )
relationship of geomorphology, tectonism, climate and sediments. Meanwhile, the investigation of the
representatives, planation surfaces and terrace which indicates the uplifting processes also enables us to
analyze the geomorphology evolution and reconstruct its history in a certain region. Given the result of
investigation on terrace geomorphology in Yangqu of the upper reaches of the Yellow River, the authors
deduce that Nanshan, Guinan has been cut through by the Yellow River before 0. 03 Ma. The compari-
son between different terraces in various places of the Yellow River indicates that its geomorphological
evolution is accompanied by episodic uplifting of the Tibet plateau and related episodic toward the
source. Four stages can be recognized here. Firstly, in 1. 6 Ma, the Yellow River stabilized in Minhe-
Lanzhou-Linxia. Secondly, in 1.1 Ma, it cut through Jishi canyon and arrived in Hualong-Guide. Third-
ly, in 0. 15 Ma, it appeared in the Gonghe basin after splitting Longyan canyon. Fourthly, after the lat-
est uplifting event around, it cut through Nanshan, Guinan and western Qinling, and reached the source
of the Yellow River passing Ruoergai basin.

Key words: upper Yellow River; Qinghai-Tibet plateau; geological mapping; geomorphology evolu-

tion; terrace.



