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Fig. 1 The tectonic location (a), schematic geological map (b) and cross-section (¢) of the Markam gneiss dome
(modified after Zheng Yilong et al. , 2020; Xu Zhiqin et al. , 2020a)
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Fig. 2 Photographs of various outcrops and photomicrographs of the Markam ductile shear zone (MRKD)
(modified after Zheng Yilong et al. , 2020)
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(a)—Asymmetric “6” type (Peg-1) and asymmetric folds of pegmatite (Peg-2a) in the mylonitic sillimanite-bearing schist; (b)—asymmetric

folds in the meta-sedimentary rocks on top of the Markam gneiss dome; (c, d)—S-C structures in the mylonite at the roof of the Keryin

granitoid; S1—foliation; Peg-1—deformed pegmatite; Peg-2a—undeformed pegmatite; Bt—biotite; Sil—sillimanite; Pl—plagioclase;

Qtz—quartz
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Fig. 3 Asymmetric folds indicating normal sliding on the northern, southern, western and eastern margins of the

Keryin pluton (a, b, c, d, respectively), confirming the domal structure of the Markam gneiss dome
(modified after Zheng Yilong et al. , 2020)
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Fig. 4 Pegmatite and leucogranite veins of different stages and deformation degrees in the
Markam gneiss dome (modified after Zheng Yilong et al. , 2020)
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(a)—Syn-tectonic granitoid veins, which were folded and pulled apart during movement on the detachment; (b~d)—undeformed leucogranite
veins along foliations; (e~1f)—pegmatitic veins including spodumene-bearing varieties vein crosscutting the foliation; (g)-thin section photo of a
spodumene-bearing pegmatite; Leu-la—deformed leucogranites; Leu-2a— undeformed leucogranites; Peg-2a,Peg-2b—deformed pegmatites; Spd—

spodumene
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Fig. 5 Exploration profile through spodumene-bearing pegmatite veins in Lijiagou mining area, Jinchuan County
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Fig. 6 Variation of major elements (a) and rare elements (b) in the pegmatites of Markam gneiss dome
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Table 1 Major (%) and trace element concentrations ( X 10~ %) of the spodumene-bearing and
non-spodumene-bearing pegmatites in mantle of the Markam gneiss dome
oy TR AR AN A
i MK18-3-5Da | MK18-3-5Db |[MK89-3-4@)MK89-3-4@) MK89-3-42) | MK89-4-12) | MK89-4-2(D | MK89-4-7(D | MK89-8-4 (D |MK89-4-8@
SiO, 77.93 76.51 73.98 77.73 72.57 76.73 68.51 77.23 75.09 78.75
Al, O 15.42 15.03 19.51 17.78 12.24 13.65 16. 76 13.35 14. 59 12.02
TiO, 0 0 0 0 0.72 0.03 0 0 0 0.01
Fe, O3 0.27 0.28 0. 05 0 0.7 1. 49 0.01 0 0 0.21
FeO 0.4 0.53 0.17 0.13 2.87 0. 67 0. 14 0.21 0.2 0.18
CaO 0.19 0.77 0.19 0. 16 7.4 0.41 0.1 0.71 0. 45 0. 39
MgO 0. 04 0.07 0.02 0 1.53 0.23 0.03 0.07 0.12 0.07
K;O 1.12 1. 15 0.93 0.62 0. 36 0.79 10. 57 1. 34 2.9 3.75
Na, O 2.35 2.97 2.44 0. 76 0.33 5.05 3.25 6.41 6.01 3.91
MnO 0.12 0.15 0. 05 0. 06 0. 26 0.07 0.03 0. 04 0. 04 0.02
P, 0; 0. 15 0.23 0.11 0.1 0.15 0. 24 0.29 0.11 0.11 0.23
H,O" 0. 54 0. 86 0. 32 0.17 0.3 0.33 0.13 0. 25 0.33 0.15
H, O™ 0.12 0.15 0.07 0. 06 0.07 0. 09 0.09 0.08 0.12 0. 05
LOI 0. 66 1. 36 0.52 0. 36 0.72 0. 59 0.27 0.47 0. 45 0.41
Total 98. 66 99. 06 97.97 97. 71 99. 84 99. 95 99. 96 99. 94 99. 96 99. 96
Y 1. 22 2.09 0.2 0.17 30. 06 3.58 0. 86 5. 26 1. 18 7.45
La 1. 22 1.13 0.31 0. 15 48. 74 1. 87 0.42 3.29 0. 81 1.62
Ce 2.13 1. 95 0. 64 0. 25 95.16 3. 56 0.76 6. 38 1. 22 3. 64
Pr 0.27 0. 26 0. 05 0. 05 11. 14 0. 46 0.08 0.74 0.17 0. 49
Nd 0.76 0. 85 0. 38 0.12 41. 85 1.5 0. 46 2.5 0. 38 1. 64
Sm 0.28 0. 39 0. 06 0. 15 7 0.67 0.08 0. 94 0.43 0.9
Eu 0.06 0.07 0. 06 0 1.51 0.07 0.08 0.09 0.08 0.01
Gd 0.24 0.23 0. 06 0.08 6.22 0.51 0.17 0.72 0.2 0. 81
Tb 0.05 0.1 0.01 0 0. 96 0.17 0.02 0.18 0.03 0.23
Dy 0.18 0.33 0.03 0. 05 5.58 0.78 0. 16 1.03 0. 15 1.43
Ho 0. 04 0. 05 0 0 1. 09 0.1 0.01 0. 15 0. 04 0. 24
Er 0.08 0.11 0.03 0. 05 3. 36 0. 24 0. 16 0. 36 0.09 0. 68
Tm 0.03 0. 04 0 0.02 0. 54 0. 06 0.01 0.07 0. 04 0.13
Yb 0.12 0. 16 0.11 0. 06 3.13 0. 28 0.19 0. 34 0.08 0.7
Lu 0.02 0.02 0.01 0.01 0. 55 0. 04 0.02 0. 05 0.03 0.13
Li 12590. 8 8893. 62 19835 23039 288. 81 67.8 75.15 94.5 216.9 138. 06
Be 55.99 193.09 43.79 32.93 2.81 6.73 4.21 15. 39 44.72 4.95
Sc 2.43 2.5 2.25 1.9 10. 25 2. 66 4. 09 3.42 2. 64 3. 54
v 0. 87 1. 56 0. 26 0.11 83. 86 1.7 0. 54 0.92 1.08 0. 32
Cr 2.71 2.4 0.17 1.02 70.99 4. 04 3.41 2.54 4.93 2. 86
Co 0. 36 0.5 0. 05 0.02 13.31 0. 83 0.11 0.4 0. 34 0.09
Ni 0.51 0. 44 0. 47 0.27 22.22 2. 34 2.7 0. 82 7.73 1. 67
Cu 1.11 1. 13 0. 39 0.45 9.4 1.08 0.61 1.99 2.05 1. 12
Zn 48. 05 67.54 9.88 0. 25 59.71 235.18 6. 39 5.09 10. 56 20.76
Ga 28. 84 32. 88 20. 44 15. 68 15 25.76 13.12 20. 31 20. 04 16. 79
Rb 344.8 442. 3 364.61 263.6 27.07 78.88 1209. 8 100. 26 345. 14 410. 34
Sr 24. 86 32. 18 8.55 9.83 376. 11 13.47 17.4 24. 27 25.45 8.7
Zr 9.29 5. 86 8.91 6.79 433.93 37.03 69. 47 9.62 8.98 26.51
Nb 56.07 49. 22 16. 95 25.17 13.28 53.32 1.23 7.62 8.21 18. 38
Mo 0. 15 0. 44 0.07 0.25 0. 34 0. 28 0. 34 0. 04 0.3 0.16
Cd 0.01 0 0.03 0. 05 0. 08 0.02 0. 06 0.02 0 0.03
In 0.17 0.2 0.19 0. 14 0. 09 0.03 0.06 0. 04 0.05 0. 05
Cs 35.09 39.45 56.33 39.73 36. 57 13.02 48.72 10. 07 41. 31 37. 65
Ba 20.9 32.1 3.02 1. 66 199. 06 6.8 9. 44 13.92 25. 24 6. 46
Hf 0.48 0. 34 1. 04 0.8 11.63 1.91 2.01 0. 37 0.45 1. 64
Ta 15. 85 8. 44 9.24 32.58 1. 34 6. 84 0.63 1. 62 2.67 3. 97
w 0.92 1.4 1. 21 0. 84 0.95 1.18 0. 46 1. 29 0.9 3. 77
Tl 1.59 1.72 1.77 1. 27 0. 31 0.33 5.78 0.59 1.92 1. 68
Pb 3.41 1. 67 4.07 2.31 10. 47 8.2 34. 21 18. 51 19. 58 14.3
Bi 1. 02 2.12 0. 14 0.03 0.11 0. 28 0.09 0.13 0.32 0.59
Th 0.51 0. 31 0.58 0.19 17.17 0.75 0.16 1.51 0.61 2. 11
U 0. 85 0. 86 2.62 0. 69 3. 95 2.14 0. 25 0.91 0.33 3. 09
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Table 2 Calculated P-T conditions of the metamorphism in the

sedimentary rocks around the Markam gneiss dome
- A
g5 (BAD
M EECC)
J& J1 (MPa)
RECC
J£ 71 (MPa)
RECC)
JE 71 (MPa)

1 2o 728 T il - T % Al A AR A g L PP T R R
AR P 22 31 A K ) 728 JB 2% F 5 B A WL 21 i
S8 A A AR . T P A0 2 AR 1 A o
ik ) el ik 550 C 1 4 gt e 2 DA S 5T 3T AR
AR LS R O I R e A R AR AT BOA
R Li iR iyt — 4k
5 HyRHER RE S BT i A Y i [E]

il 24

T BRI S R B R B TR R A £
5 AL B 5 FIAT Al 1Y 10 48 08 DL S B O B o i )2
B 4h FryE AL i PR Zheng Yilong et al. (2020) X%}
20 R B H/RBRE BERRE L EAT T # A U-Pb 44K

R = # i ¥ o g B
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3717. 4
618. 37
4372.5
694. 76
7230.5
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3640. 5
628. 51
4078. 4
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7108. 2

570. 47
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602. 05
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Ma Z ] AFR T ARAZTE 56 Wk i 235 b AF 0%, 2 BP 35 2
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®3 DREFRETEERHEMREME SEMET U-Pb £ 34745 R (& Zheng Yilong et al. , 2020)
Talbe 3 Sampling location, lithology and age results of samples from Markam gneiss dome (after Zheng Yilong et al. , 2020)

TE b e AN b e

i frE A AR A
MK3-13 pNERE (S W NK A 223.6 + 2.2 Ma
MK3-14 I B AT R TR IR A 218.9 + 8.6 Ma
MK2-1 BRIk T VA= 226.6 £ 2.5 Ma
MK18-27 NG pAL b 211.9 + 2.4 Ma
MK3-8 I BH T A AT IR 0 AE 1 Leu-1 212.5 + 2.2 Ma
MK89-83 AR 52 AR TG A Peg-1 210.1 & 2.6 Ma
MK89-51 EREER AT A Peg-1 209.4 £ 2.5 Ma
MK18-53 N4 3CE]A ASTE IR AL 4 Leu-1 207.8 4+ 1.5 Ma
MK18-29 Rk FASTE R AL 1 Leu-2a 200.3 + 2.7 Ma
MKS89-48 EIRIBA RASTEIR O X Leu-2a 200.1 =+ 1.2 Ma
MK89-42 ERBR FAPTAR Peg-2a 198.6 + 1.5 Ma
MK89-31 i FK A RAIAL T Peg-2a 197.7 + 1.7 Ma
MK89-41 BRIEAR Fe ST A T Peg-2b 196.3 + 1.4 Ma
MK89-43 ERIRE KA b Peg-2b 194.0 = 1.9 Ma
MK89-34 37 Bk KATEAS A Peg-2b 190.8 + 1.6 Ma
MK89-35 Hi LK KARTE A e Peg-2b 190.1 + 1.3 Ma
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Abstract

Gneiss dome is an important structural style formed during orogenic exhumation. The Markam
lithium deposit, located in the Markam gneiss dome at the hinterland of the Songpan-Ganzi orogenic belt,
is composed of the Taiyanghe granodiorite and the Keryin granite in the core, with Late Triassic
metamorphic sedimentary rocks in the mantle, whose protoliths were Triassic abyssal and bathyal flysch
and turbidity deposits. A large number of pegmatite sheets and dykes were intruded into the meta-
sedimentary rocks. Through field geological investigation and microstructural analysis, three stages of
structural deformations superimposed on the earlier compressional deformation are identified in the
Markam gneiss dome: the first stage deformation (D1) is a top-to-the-south large-scale Markam
detachment fault (MRKD), which separates the granitoid core from the overlying Upper Triassic meta-

i

sedimentary rocks; the second stage deformation (D2) is the “domal structure”; the third stage
deformation (D3) introduces a near E-W trending Cenozoic thrust fault. New zircon U-Pb geochronological
data reveal that the crystallization ages of the Taiyanghe and Keryin granitoids are ca. 226 ~212 Ma and
ca. 224~218 Ma, respectively. In addition, zircon U-Pb dating of syn-tectonic pegmatites in the MRKD
reveals ages of ca. 212~207 Ma, while undeformed pegmatitic dykes (including spodumene-bearing veins)
have ages of ca. 200~190 Ma. We suggest that during the early compressional orogeny, granites emplaced
at 220~212 Ma, resulting in middle-low pressure Barrovian metamorphism. Then, the top-to-the-south
detachment shear zone associated with metamorphic core complex structure was formed during the
transformation from deep compressional to shallow extensional (212~ 207 Ma). It also resulted in the
upwelling of granitic magma and the formation of gneiss dome. Since 200~ 190 Ma, a large number of
reticular pegmatites (including spodumene-bearing pegmatites) intruded in the meta-sedimentary rocks in
the mantle zone. The formation of lithium deposits in the accumulated fluid at the top of the plutonic core
is the result of both fractional crystallization and high temperature extraction of Li from the country rocks.
We conclude that the Cenozoic thrust fault has uplifted the Keryin and Taiyanghe granitoids in the north,
simultaneously deeply burying the meta-sedimentary rocks in the south. Therefore, it has created a

favorable condition for the preservation of the lithium deposits.

Key words: Songpan-Ganzi orogeny; gneiss dome; pegmatitic-type lithium deposit; tectonic genesis



