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Fig. 1 The geological map of Nanshan area in Qinghai( Zhang Hongfei et al. ,2006&; Yin An, 2001&)
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Fig. 2 Hand specimen and Photomicrographs of the typical textures of the Nanshan area in Qinghai
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Fig. 3 The geologic map of the progressive metamorphic zones in Qinghai Nanshan area
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Fig. 4 The schematic diagram showing the progressive metamorphic zones in Qinghai Nanshan area
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Table 1 Representative microprobe analyses of garnet in the Nanshan metamorphic rocks ( % )

s Y3 Y4 Y5
I8 1 2 6 7 8 9 10 11 12 13 17 18 19 20 21 22 23
W Grt Grt Grt Grt Grt Grt Grt Grt Grt Grt Grt Grt Grt Grt Grt Grt Grt
FIAALE ¥ bl h bul i % % % bul i i i 18 % % i i
Sio, 37.47 | 37.32 | 37.12 | 37.59 | 37.60 | 37.67 | 37.16 | 37.38 | 38.04 | 37.52 | 37.72 | 37.98 | 38.39 | 38.63 38.66 | 38.20 | 37.45
TiO, 0.05 0.00 0.00 0.02 0.02 0.01 0.01 0.00 0.02 0.00 0.03 0.02 0.05 0.00 0.01 0.03 0.03
Al, 0, 20.97 | 21.03 | 20.84 | 20.61 20.95 | 20.81 21.21 21.08 | 20.89 | 21.12 | 21.28 | 21.20 | 20.92 | 21.06 | 20.81 20.99 | 20.99
FeO 34.72 | 34.52 | 33.90 | 33.77 | 33.35 33.64 | 33.73 33.30 | 33.20 | 33.60 | 32.91 32.82 | 33.29 | 33.09 | 32.92 | 33.11 32.83
MnO 2.97 3.19 2.74 2.44 2.06 2.18 2.11 2.15 1.95 2.57 1.89 1.78 1.69 1.61 1.63 1.72 2.00
MgO 2.97 2.62 3.32 3.35 3.79 4.02 4.13 3.87 3.74 3.18 4.37 4.45 4.51 4.51 4.41 4.39 4.24
Ca0 1.36 1.29 1.30 1.29 1.36 1.32 1.42 1.31 1.33 1.36 1.42 1.34 1.29 1.20 1.34 1.37 1.39
Na, O 0.05 0.06 0.02 0.06 0.07 0.06 0.08 0.07 0.04 0.03 0.03 0.00 0.03 0.05 0.04 0.09 0.06
K,0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cr,y 0, 0.07 0.04 0.06 0.00 0.03 0.04 0.01 0.00 0.01 0.02 0.01 0.07 0.00 0.02 0.00 0.04 0.02
Total 100.63 | 100.08 | 99.30 | 99.13 | 99.21 99.74 | 99.87 | 99.16 | 99.22 | 99.39 | 99.67 | 99.65 | 100.16 | 100.16 | 99.81 99.94 | 99.01
SrF 12 0
Si 3.004 | 3.012 | 3.006 3.04 3.026 | 3.021 2.981 3.012 | 3.068 | 3.033 3.011 3.027 | 3.046 | 3.072 | 3.087 | 3.047 | 3.017
Ti 0.003 0 0 0.001 0.001 0 0.001 0 0.001 0 0.002 | 0.001 0.003 0 0.001 0.002 | 0.002
Al 1.981 2 1.989| 1.964 1.988 1.967| 2.005 2.002| 1.986 2.013| 2.002 1.991 1.956 1.973| 1.958 1.973 1.993
Fe 2.327 2.33 2.296| 2.284 | 2.245 2.256| 2.263 2.244| 2.239 2.272| 2.197 | 2.187 | 2.209 2.201| 2.199 | 2.208 | 2.212
Mn 0.201 0.218)  0.188] 0.167 | 0.141 0.148) 0.143 0.147| 0.133 0.176| 0.128 | 0.12 0.114 0.108| 0.11 0.116 | 0.137
Mg 0.354 0.315|  0.401| 0.404 | 0.454 0.48 | 0.494 0.465| 0.45 0.383| 0.519 | 0.529 | 0.533 0.534| 0.525 | 0.522 | 0.509
Ca 0.117 0.111 0.112] 0.112 | 0.117 0.113] 0.122 0.113| 0.115 0.117| 0.121 0.115 | 0.109 0.102| 0.115 | 0.117 | 0.12
Na 0.008 0.009|  0.003| 0.01 0.01 0.009| 0.012 0.01 | 0.007 0.004| 0.005 | 0 0.004 0.008| 0.006 | 0.014 | 0.009
K 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cr 0.005 0.003|  0.004] 0 0.002 0.003| 0.001 0 0 0.001| 0.001 0.004 | 0 0.001| 0 0.002 | 0.001
BTFEURA 8 8 8 7.982 | 7.983 7.998| 8.022 7.992| 8 8 7.988 | 7.974 | 17.975 8 8 8 8
Alm &80 | 0.773 0.783|  0.766| 0.781 0.767 0.754| 0.731 0.756| 0.786 0.783| 0.746 | 0.757 | 0.764 0.77 | 0.775 | 0.755 | 0.745
Gross §E4040A | 0.032 0.036]  0.035 0.037 | 0.038 0.037| 0.008 0.038| 0.038 0.038| 0.04 0.036 | 0.037 0.033| 0.038 | 0.038 | 0.04
Pyp BEERME A 0.118 0.105|  0.134] 0.135 | 0.152 0.16 | 0.164 0.155 0.15 0.128 0.173 | 0.177 | 0.178 0.178| 0.175 | 0.174 | 0.17
Spess §E4EHIE | 0.067 0.073]  0.063] 0.056 | 0.047 0.049| 0.048 0.049| 0.044 0.059| 0.043 | 0.04 0.038 0.036| 0.037 | 0.039 | 0.046
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Fig. 5 BSE images of the Nanshan metamorphic rocks and Compositional profiles of garnet
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Grt—Garnet ; Bt—Biotite ; PI—Plagioclase ; Ms—Muscovite ; Im—Ilmenite ; Mag —Magnetite ; Qtz—Quartz

Y4 (R FGIR A  667°C, K1 1E 0. 68GPa 2y HiE
AR AR YS YA B O 670°C, [K 1 #£0. 71

R T L) ) o T i R L Bl AR T 1 e ) A
(Ez 155, 1987) o XA 8 )= 1A O B 5530

GPa iAo AHRAL, y—EERU P A58l , B T
6 tit HERTE S B TURR A &, UK =B 2216 3 Kl A

GRS (FIBRAE,2012) o ARURBIESTE AP AT X IFFE X A

T LML X AP 3 A Jey B A eV Y R 22 3]
PEZRIR 5 7R B M 16) 32 3l B2, R Beze by 1
SN B - Wty AR A BRI A0 R R AR AR
S ki — Bl e R i | = B A R AR L, B S T
PUZE e 55 7R B 8] A4 0 1) ol 88 5 3 1L O 285, OO

H R A TR S 0 8 55 A1 CREEALE LA 3) | f5
R O 254 = 3Ma(Ca KA RS 41, CL 3
THMW) L R T H AT TR (53 3R s [
FAFAIESE W], 0P DO SR I TR 5 RN, 32
SIS, XL B A R A3 U-Pb 4% Oy 235



Table 2 Microprobe analysis of representative biotite and plagioclase and kyanite and sillimanite in the Nanshan metamorphic rocks ( % )

R2BALUERERXERZG MRA ERG WEAHNBETFRISTEIE(%)

Hihs Y3 Y4 Y5 K5 Y3 Y4 Y5 Fedh S Y5 Y6
JSea 3 4 4 | s 24 25 26 A5 5 16 27 A5 T 30 | 31
v Bt v Pl vy Ky Sil
Si02 36.61 35.90 36.35 36.26 35.94 35.74 36.26 Si02 57.12 58.86 60. 11 Si0, 36.66 36.83 37.21 37.23
TiO, 3.97 3.00 3.96 3.46 3.90 3.38 4.30 TiO, 0.03 0 0 Tio, 0.02 0.01 0
Al O 18.28 18.71 17.81 17.79 18.64 18.46 18.09 Al, 04 26.64 26.71 23.34 Al, 04 61.78 61.32 60.93 60.33
FeO 19.49 19.49 21.02 21.40 20.39 20.67 21.03 FeO 0.07 0.01 0.08 FeO 0.28 0.33 0.18 0.21
MnO 0.08 0.09 0.07 0.08 0.05 0.08 0.06 MnO 0 0 0 MnO 0.01 0.00 0 0
MgO 8.11 8.99 8.04 7.76 7.42 7.61 7.14 MgO 0 0.01 0 MgO 0 0 0 0.01
Ca0 0 0.01 0 0 0 0.01 0.02 Ca0 3.63 3.14 2.63 Ca0 0.02 0 0.04 0.03
Na, 0 0.11 0.15 0.04 0.14 0.12 0.11 0.18 Na, 0 9.75 9.46 8.61 Na, 0 0.01 0.02 0.01 0.01
K,0 9.43 9.59 9.41 9.26 9.01 8.88 9.19 K,0 0.17 0.18 0.12 K,0 0 0.01 0.03 0.01
Jasry 96. 08 95.93 96. 68 96. 14 95.47 94.94 96.26 Jesry 97.41 98.38 94.89 Jegry 98.76 98.51 98.41 97.81
%?I&:U (0] ﬁ%lt:s (0] ﬁ%lt:s
Si 2.755 2.714 2.739 2.751 2.726 2.733 2.729 Si 2.559 2.621 2.8 Si 1.003 1.01 1.02 1.027
Ti 0.225 0.171 0.224 0.197 0.223 0.194 0.243 Al 1.406 1.401 1.281 Ti 0 0 0 0
AV 1.245 1.286 1.261 1.249 1.274 1.267 1.271 Fe 0.003 0 0.003 Al 1.991 1.981 1.969 1.96
AV 0.377 0.382 0.32 0.341 0.393 0.397 0.334 Ca 0.174 0.15 0.131 Fe 0.006 0.007 0.004 0.005
Fe 1.227 1.232 1.325 1.358 1.294 1.322 1.324 Na 0.847 0.817 0.778 Mn 0 0 0 0
Mn 0.005 0.006 0.005 0.005 0.003 0.005 0.004 K 0.01 0.01 0.007 Mg 0 0 0 0
Mg 0.91 1.013 0.903 0.877 0.84 0.867 0.801 Ab 82.166 | 83.593 84.886 Ca 0.001 0 0.001 0.001
Ca 0 0.001 0 0 0 0 0.002 An 16.908 15.354 14.329 Na 0.001 0.001 0.001 0
Na 0.016 0.022 0.005 0.02 0.017 0.016 0.026 Or 0.926 1.052 0.785 K 0 0 0 0
K 0.905 0.925 0.904 0. 896 0.872 0. 866 0.883
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PSS 75 90 T 11 X A 280 9% 48 i 0 A W5 1209

ATVLEe s 47 Fe+Mn

K 6 zt:4r25K (Foster,1960)

Fig. 6 Classification of micas( after Foster,1960)
A—& B B R B B C— B R = B
D—gkit =B E—gkF bl F—H B
A—Phlogopite ; B—Magnesian biotite ; C—Iron biotite ;

D—Eastonite ; E—Ferrimuscovite ; F—muscovite

AT T AR AR I 5 B S R R S A
S B Hb S IR IR A G

BT - 101145 16 4 ST A B A0 PO % 2
HA S ABEBAEie T 4 T TARKE & S5
A RERATE] T A 5O (D) A% 7K RS Uil Y
KI5 By s TR BT SE FAT A0S B 7 i, 424 15
DRI, TR — IR =

ft: AXH HHK S — 53K ( Code list of minerals in this
paper)
Ab—4N KA, albite
Chl—&gje 1, chlorite
G T 77, gamet
Ky—i% f 1 , kyanite
Ms— 9 = F):, muscovite
Qtz—f1 3%, quartz
Sil—hy £k 47 , sillimanite

Bi—2 =B}, biotite
Cht—H#Z¢g £, chloritoid
Im—4EkE6H, ilmenite
Mag—REZRT", magnetite
Pl—#H& A7, plagioclase
Ser—#H =1, sericite
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A Preliminary Study on the Medium Pressure Facies Series Progressive
Metamorphic Zone in Nanshan Area,Qinghai Province

DAI Xiong,YANG Liu, HE Guangxing, LI Jiaqi, YI Jian, DENG Huabo
Sichuan Institute of Metallurgical Geology & Exploration, Chengdu, 610051

Abstract: Well-developed progressive metamorphic zone is found in Nanshan area, located in the joint region
between the East Kunlun and the West Qinling Orogenic Belt in Qinghai Province. From center to the rim, the
metamorphic zone could be subdivided into sillimanite zone, kyanite zone, garnet zone, biotite zone and chlorite
zone with the decreasing of metamorphic grade. Among them, garnet porphyroblasts in Gt—Bio granulite show
weak growth zoning, and biotite are mainly high temperature ferrobiotite. Based on Gt—Bi thermometer and Gt—
Bi—Pl—Q barometer, garnet zone has temperatures of 564 °C and pressures of 0. 56GPa, kyanite zone has
temperatures of 667 ~ 670 °C and pressures of 0. 68 ~ 0. 71GPa, belonging to medium pressure facies series.
Related to the crustal collision thickening of the closure of the Paleo-Tethys Ocean in the Indosinian.

Keywords : progressive metamorphic zone; medium pressure facies series; the Indosinian; Qinghai Nanshan
area
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