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Granulites from South Altyn Orogen: Records for Ultradeep Subduction and
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Abstract: The South Altyn orogen is a typical continental ultrahigh-pressure (UHP) belt which is claimed to host the deepest
subducted crustal rocks. HP-UHT granulites occurred in the belt are of significance for understanding the ultradeep subduction and
exhumation of continental crust. This paper presents the results of petrography, mineral chemistry, phase equilibria modelling and
zircon U-Pb dating for felsic and mafic granulites from Bashiwake area. Mafic granulites have mainly recorded the exhumation
process of ultradeep continental crust, with metamorphic evolution from HP eclogite facies to HP-UH'T granulite facies, further to
low -pressure (LP)-UHT granulite facies conditions and the subsequent isobaric cooling. In addition to the similar exhumation to

that of mafic granulites, felsic granulites have also preserved the early prograde history from amphibolite facies to UHP eclogite
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facies conditions. Combing previous studies, the peak conditions of UHP eclogite facies is estimated to be >7—9 GPa

and > 1 000 °C, covering the stishovite -stability field. Zircon age dating suggests that both felsic and mafic granulites have

similar protolith ages of ~900 Ma and metamorphic ages of ~500 Ma. Metamorphic and dating studies indicate that the South

Altyn continental crust was subducted to ultradeep depths of 200— 300 km during the Early Paleozoic and exhumed to the bottom

of a thicken crust where HP-UHT metamorphism occurred. Then the crust was uplifted rapidly to the shallow crustal level and

experienced LP-UHT metamorphism followed by subsequent isobaric cooling.

Key words: HP-UHT metamorphism; felsic granulite; mafic granulite; continental ultradeep subduction; South Altyn orogen;

petrology.
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Fig.1 Microtextures of felsic granulites (a), sapphirine-bearing mafic granulites (b, ¢) and common garnet-clinopyroxene mafic

granulites (d)
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Fig.2 Chemical zoning profiles of the garnet porphy-
roblast from a felsic granulite in South Altyn
orogen
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Fig.3 Metamorphic P-T paths of felsic granulites (a) and mafic granulites (b) from South Altyn orogen
LO5 . LO7 A i il He 2% 1 /91325 53 53151 A Liu ez al.(2005,2007) 5 18l afE K & T BAHZE 5] A Stern er al (1975) 5 8 b Z s T BARZE A 80 AH A
TH K51 H Green and Ringwood(1967) s 7 # AH A% 5 1w 2k B &I AHZR 51 H Dong ez al.(2018,2019) 11 THERMOCALC HHE45 5 s AM. £ [N 54 5
(H) GNL iR ) BRRL A T EC. R4 HT s UHP. A8 & FE AR A 4 M1 LP/HP-UHT AR R/ FE — 8 #25 IBORE %4 4 ; Hol. Hollandite ; Wa. K-wadeite;

Kis. 81K A s Omp. S WA 5 SIL B 2R A7 5 Coe WA 85 5 SU. T4 85 ; Dia. & WA Gr. 47 88 HAb ™ 146 S WL 14 Dong et al.(2018,2019) &k

A1 B 4 43 R AR DA A Bk e B TR R AR R
2.3~1.6 GPa/920~1 040 °C (& 3b) ; & 11T B B LA 1%
WFE AR A A RHA TG WA A RRE AR
FPUH [ R ok B oA A A A R AR S
KN, 4678 0.6~0.7 GPa/940~1 040 °C Ak JE — #8
fo T 2% 1 CEL 3b). % 3 A A o0 R RR R A (R &
A1503) FZ R AMA RAREA B L.
B AN AR AR R T S B0 R R 4 AR
(K 1d). Hwe o WA G & A A RebEa A
PR AL A (D TP RHA A KIERBEE E &
FE KL A AH A5, 45 6 A i A FURHS A 43 55 11 4R
251 2.3~1.4 GPa/~1 040 °C A £ 14 (11) , 11 4k
B — IR Bk [V 1A A SR I v A T A 1 AR 4K 4y
AR R T 3 — R R & 0.2~0.3 GPa(111) Fl B 5 /Y
R A N (TV) i 7 (1 3b) . PR I e 1k Rk 2 £ 88 %
D3 Tt FE R M 2 A L R — IR OB A A IR
J — 8 R I JRRORL 5 AH B A5 e 8 ek 4 A4 28 5 i Ak By
Bt (Dong et al.,2019).

B AR AR 2R A T R K U B RRORE S R R
KL 1 B AR 2 900 Ma, 3% 55 3 5 4R 7T g 5 %
JE A8 K Bl A9 9 3R ok R M 56 . K B SRR RO 9 AR SR
AEAS 292 500 Ma, X 2 e 1 B TR Y2 40 (44 B 3] (Dong
et al.,2018) 5 75 B M 52 A o P bR 5 38 3 3 Rk
K7 A B AR AR % 43 51 oA 505 Ma #il 507 Ma, i # 1%
Fe W R 2 5 R — 8 0 TR BB A A B BE R B AR S
AR 26 [ RV 0 A0 B AR o A R 2 L R — 3
(R, 35 7R 7 IR 1o AR 20 D b T R 4 A1 I (Dong
etal.,2019).

g L, peE B JR 4 B A B v b XSS R S 4
BT A — & T TRAN il (>200~300 km) &
A R R R T R R T A R AR R AT IR
PG 2 i JE H 7 ICH (relamination) & 4 & i — i
o TR PR 5 FH A AR L S R R T M AT R
e A A — R e R PR A B R b A L K
BT RRORE 530 5 T Al 7 T R b 31 i 0 R S LA
KA IR A6 TG 4 i 8 i 3k ROk A 0 Sk T H5E



4008 HIERRL2E  http://www.earth-science.net

o544 3

PR 4 46 T A e A e R A o L 9 AR
70 3 B R il AL TR A A [R], AR ST E Y e
AR T 2 R B AT RE SR X TR i e A 0 S i AR
1) 4k 7K (Dong et al.,2019) , 1l & — AR R R
M PR, T ) e A TR el AR L AR

References

Dong, J., Wet, C.J., Clarke, G.L., et al., 2018. Metamorphic
Evolution during Deep Subduction and Exhumation of
Continental Crust: Insights from Felsic Granulites in
South Altyn Tagh, West China.Journal of Petrology, 59
(10): 1965—1900. https://doi. org/10.1093/petrology/
egy086

Dong, J., Wei, C.J., Zhang, J.X., 2019. Ultra High Tempera-
ture Metamorphism of Mafic Granulites from South Al-
tyn Orogen, West China: A Result from the Rapid Exhu-
mation of Deeply Subducted Continental Crust. Journal
of Metamorphic Geology, 37(3): 315—338. https://doi.
org/10.1111/jmg.12464

Green,D.H.,Ringwood, A.E., 1967.An Experimental Investi-
gation of the Gabbro to Eclogite Transformation and Its
Petrological Applications. Geochimica et Cosmochimica
Acta, 31(5): 767—833. https://doi. org/10.1016/s0016 -
7037(67)80031-0

Hermann, J., Rubatto, D., 2014.4.9-Subduction of Continen-
tal Crust to Mantle Depth: Geochemistry of Ultrahigh-
Pressure Rocks.In:Hermann, J., Rubatto, D., eds., Trea-
tise on Geochemistry.Elsevier, Holland.

Liu, L., Sun, Y., Luo, J.H., et al., 2004. Ultra-High Pressure
Metamorphism of Granitic Gneiss in the Yinggelisayi Ar-
ea, Altun Mountains, NW China. Science in China (Se-
ries D),47(4):338 — 346.

Liu,L.,Chen,D.L.,Zhang,A.D., et al., 2005. Ultrahigh Pres-
sure (=7 GPa) Gneissic K-Feldspar (-Bearing) Garnet
Clinopyroxenite in the Altyn Tagh, NW China: Evidence
from Clinopyroxene Exsolution in Garnet.Science in Chi-

na (Series D),48(7):1000—1010.

Liu, L., Zhang, J.F., Green, H. W., et al., 2007. Evidence of
Former Stishovite in Metamorphosed Sediments, Imply-
ing Subduction to >350 km. Farth and Planetary Sci-
ence Letters, 263(3—4): 180—191. https://doi. org/
10.1016/j.epsl.2007.08.010

Liu,L.,Wang,C.,Chen,D.L., et al.,2009.Petrology and Geo-
chronology of HP - UHP Rocks from the South Altyn
Tagh, Northwestern China.Journal of Asian Earth Sci-
ences, 35(3—4): 232—244. https://doi. org/10.1016/j.
jseaes.2008.10.007

O’ Brien, P.J., 2008. Challenges in High-Pressure Granulite
Metamorphism in the Era of Pseudosections: Reaction
Textures, Compositional Zoning and Tectonic Interpreta-
tion with Examples from the Bohemian Massif. Journal
of Metamorphic Geology, 26(2): 235—251. https://doi.
org/10.1111/5.1525-1314.2007.00758.x

Stern,C.R.,Huang, W.L., Wyllie, P.J.,1975.Basalt-Andesite-
Rhyolite-H,O: Crystallization Intervals with Excess H,O
and H,O - Undersaturated Liquidus Surfaces to 35 kol-
bras, with Implications for Magma Genesis. Earth and
Planetary Science Letters, 28(2): 189—196. https://doi.
org/10.1016/0012-821x(75)90226-5

Ye,K.,Cong,B.L.,Ye,D.N., 2000. The Possible Subduction
of Continental Material to Depths Greater than 200 km.
Nature, 407: 734—736. https://doi. org/10.1038/
35037566

Zhang, J. X., Mattinson, C.G., Meng, F.C., et al., 2005. An
Early Palaecozoic HP/HT Granulite - Garnet Peridotite
Association in the South Altyn Tagh, NW China: P-T
History and U-Pb Geochronology.Journal of Metamor-
phic Geology, 23(7):491—510.https://doi.org/10.1111/
j.1525-1314.2005.00585.x

Zhang, J. X., Mattinson, C.G., Yu, S. Y., et al., 2014. Com-
bined Rutile-Zircon Thermometry and U-Pb Geochronol-
ogy: New Constraints on Early Paleozoic HP/UHT
Granulite in the South Altyn Tagh, North Tibet, China.
Lithos, 200—201: 241— 257 https://doi. org/10.1016/].
lithos.2014.05.006



