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Abstract: The newly discovered Dana ancient volcanic edifice in the Nanmulin area of Xizang provides a window
for exploring the lithofacies composition of continental volcanic edifice and its tectonic significance. This study con-
ducts geological profile measurements and petrographic studies on the Dana ancient volcanic edifice, and conducts

zircon LA-ICP-MS U-Pb dating and the whole-rock geochemical analysis for the porphyric monzonitic granite which
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intrusived into volcanic channel laterly. The results show that the zircon U-Ph age of the porphyric monzonitic gran-
ite is 54.0x1.4 Ma, with high silicon (Si0,=71.03% ~75.88%), high potassium and low sodium (K,0/Na,O=
1.45~1.79), rich alkali (ALK=8.97% ~9.67%), and low titanium (TiO,=0.17% ~0. 37%) characteristics.
The A/CNK value ranges from 0.95 to 1. 00, and the Rittman index (o) ranges from 2. 45 to 3. 38, belonging to
the quasi-aluminous and calc-alkaline rock series. Enrichment of light rare earth elements and relative depletion of
heavy rare earth elements (LREE/HREE=7.60~9.78), with obvious differentiation characteristics, (La/Sm) =
2.85~4.21; Large ion lithophilic elements such as Rb, Th, U (LILE) and incompatible elements are relatively
enriched, while high field strength elements such as Nb, Ta, P, Ti (HFSE) are relatively depleted, exhibiting typ-
ical geochemical properties of subduction arc or crustal magmatic rocks. Based on the above geological information,
it is indicated that the Dana ancient volcanic edifice was formed before 54 Ma, and the porphyric monzonitic granite
was formed in the tectonic background of the active continental margin during the India-Eurasia collision. Under the
action of mantle-derived magma intrusion, the middle and lower crust melted, and then the magma differentiated
and ascended to infiltrate and crystallize in the volcanic channel.
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location map of the study area(a), magmatic rock of Lhasa Terrane(b) and lithologic and lithofacies

map of the study area(c) (modified from Liu Hong et al. , 2019)
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op—andesitic porphyrite ( subvolcanic lithofacies) ; B—basalt( effusion facies) ; a—andesite ( effusion facies) ; A—rhyolite( effusion facies) ;

tl—tuff lava( effusion facies) ; {—dacite( effusion facies) ; bl—breccia lava( effusive facies) ; ib—ignimbrite ( volcanic crater) ; a—volcanic

agglomerate ( volcanic crater) ; vb—volcanic breccia( volcanic crater) ; it—ignimbrite( volcanic crater) ; tf—tuff( airborne facies) ;

ss—sandstone ( sedimentary facies) ; cg—conglomerate ( sedimentary facies)
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Fig. 2 The geological section and geological characteristics of rock facies of Dana ancient volcanic edifice
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a—volcanic agglomerate ( volcanic crater, direction 25°) ; b—volcanic breccia( volcanic crater, direction 37°) ; c—lithic crystal tuff( airborne

facies, direction 78°) ; d—andesite( effusion facies, direction 352°) ; e—andesitic breccia lava( effusive facies, direction 47°) ; f—andesitic

porphyrite ( subvolcanic rock facies, direction 143°)
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Fig. 3 The geological characteristics of porphyric monzonitic granite body from Dana ancient volcanic edifice
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a—field occurrence ( direction 287°) ; b—porphyritic monzonitic granite intruded into tuff; ¢—hand specimen; d—microscopic characteristics

(cross-polarized light) ; f—tuff; my—porphyritic monzonitic granite; Qtz—quartz; Pl—plagioclase
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#1 ZKEHA LA-ICP-MS $£7 U-Pb UELER
Table 1 Zircon U-Pb dating results of the monzonitic granite
wy/107° [l % o fE [FIARAERE/Ma A
M g5 Th/U
Th U 207 Pb/Z%Pb 1o 207 Pb/235 U 1o 206Pb/238U 1o 206 Ph/ZBSU 1o /%
D24-1 426.9 446.5 0.96 0.048 8 0.002 0 0.0522 0.001 8 0.007 8 0. 000 2 50.3 1.1 97
D24-2 454.4 568.6 0.80 0.048 3 0.002 3 0.054 1 0.002 5 0.008 2 0.000 1 52.4 0.9 97
D24-3 180.0 373.3 0.48 0.046 4 0.002 3 0.053 3 0.003 0 0.008 3 0.000 1 53.3 0.9 98
D24-4 393.1 371.4 1.06 0.051 6 0.003 2 0.060 8 0.003 8 0.008 5 0.000 1 54.9 0.9 91
D24-5 202.1 319.3 0.63 0.048 1 0.002 6 0.054 5 0.002 6 0.008 3 0.000 1 53.1 0.8 98
D24-6 244.9 423.3 0.58 0.050 2 0.002 8 0.062 7 0.003 7 0.009 0 0.000 1 58.0 0.9 93
91500 24.0 73.4 0.33 0.077 3 0.002 2 1.907 4 0.053 5 0.178 9 0.003 1 1061.0 16.7 97
91500 23.3 71.1 0.33 0.072 5 0.001 7 1.793 0 0.038 5 0.179 4 0.003 0 1063.8 16.3 98
D24-7 220.8 364.8 0.6l 0.046 6 0.003 0 0.054 9 0.003 5 0.008 6 0.000 1 54.9 0.5 98
D24-8 392.3 538.9 0.73 0.047 1 0.002 1 0.055 4 0.002 4 0.008 5 0.000 1 54.7 0.6 99
D24-9 203.9 419.2 0.49 0.045 7 0.002 3 0.055 2 0.002 6 0.008 8 0.000 1 56. 4 0.8 96
D24-10 931.11026.8 0.91 0.047 9 0.001 8 0.0536 0.002 0 0.008 1 0.000 1 52.2 0.5 98
91500 13.3 23.7 0.56 0.0759 0.001 5 1.876 3 0.043 3 0.179 1 0.003 1 1062.0 17.1 98
91500 13.1 23.4 0.56 0.073 8 0.002 0 1.824 1 0.048 9 0.179 3 0.002 8 1 062.9 15.5 99
D25-1 158.9 279.4 0.57 0.054 8 0.003 6 0.061 4 0.003 7 0.008 2 0. 000 2 52.6 1.5 86
D252 76.2 185.8 0.41 0.044 8 0.005 2 0.053 6 0. 006 4 0.008 5 0. 000 2 54.5 1.5 97
D25-3 111.1 246.4 0.45 0.046 2 0.003 4 0.053 7 0.004 5 0.008 3 0. 000 2 53.6 1.2 99
D25-4 132.9 305.1 0.44 0.047 6 0.004 4 0.055 3 0. 0056 0. 008 3 0. 000 2 53.6 1.5 98
D25-5 77.3 178.2 0.43 0.054 7 0.007 7 0.061 7 0.007 7 0.008 5 0. 000 2 54.4 1.4 88
D25-6 66.5 168.4 0.39 0.049 2 0.005 3 0.059 0 0. 006 6 0. 008 7 0. 000 2 55.6 1.5 95
D25-7 86.2 218.2 0.40 0.042 0 0.004 5 0.050 5 0.005 0 0. 008 7 0. 000 2 56. 1 1.5 88
91500 13.1 23.7 0.55 0.073 7 0.001 7 1.8227 0.039 4 0.179 4 0.003 1 1 063.8 17.2 99
91500 12.5 22.5 0.56 0.076 0 0.001 6 1.8777 0.037 8 0.178 9 0.002 5 1 061.0 13.5 98
D25-8 77.8 193.8 0.40 0.045 7 0.005 2 0.055 4 0.005 5 0.009 1 0. 000 3 58.3 1.8 93
D25-9 115.5 279.8 0.41 0.044 8 0.005 5 0.054 3 0.006 1 0.008 9 0. 000 2 57.3 1.3 93
D25-10 49.5 100.9 0.49 0.048 7 0.008 6 0.054 6 0.008 5 0.008 6 0.000 4 55.5 2.3 97
91500 12.8 23.0 0.56 0.075 8 0.002 1 1.868 6 0.050 5 0.179 0 0.002 5 1061.4 13.5 99
91500 13.0 23.3 0.56 0.074 0 0.001 8 1.8318 0.046 3 0.179 4 0.002 1 1063.5 11.5 99
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Fig. 5 Zircon U-Pb concordia diagrams of the monzonitic granite
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Table 2 Major elements (w,/%) and trace elements (w,/10™®) of monzonitic granite from Dana ancient
volcanic edifice
FEMm AR BRI KA KA g K ALK A
FES D24H1 D24H2 D24H3 D24H4 D24H5 D24H6 D24H7 D24H8 D25H1 D25H2 D25H3 D25H4 D25HS D25H6 D25H7 D25HS
Si0, 71.03 71.46 71.33 71.35 71.80 71.79 75.38 75.88 67.04 68.17 67.82 67.41 67.09 67.82 67.82 67.48
TiO, 0.37 0.37 0.35 0.34 0.31 0.35 0.17 0.17 0.63 0.58 0.60 0.60 0.60 0.60 0.59 0.58
Al, O, 14.25 13.97 14.14 14.13 14.13 14.15 12.44 12.37 14.99 14.55 14.82 14.73 14.76 14.73 14.73 14.77
Fe, 04 0.59 0.81 0.85 0.90 0.93 0.84 0.8 0.92 2.13 1.98 2.05 2.17 1. 65 1.78 1. 80 1.72
FeO 2.30 2.11 2.04 1.91 1.46 1.72 1.21 1.02 2.62 2.53 2.46 2.40 3.23 2.84 2.97 3.03
MnO 0.07 0.07 0.06 0.07 0.06 0.07 0.04 0.04 0.10 0.09 0.08 0.10 0.10 0.09 0.09 0.09
MgO 0.53 0.48 0.44 0.41 0.39 0.43 0.16 0.14 1.26 1.24 1.11 1.20  1.21 1.21 1.23 1.17
Ca0O 1.47 1.33 1.19 1.25 1.21 1.21  0.54 0.45 2.13 1.64 1.71 2.11 2.12 1.83 1.97 2.23
Na, O 3.81 3.68 3.69 3.73 3.71 3.64 3.53 3.22 3.77 3.91 3.80 3.83 3.94 3.71 3.50 3.70
K,0 5.51 5.67 5.85 5.85 5.96 5.74 5.67 5.76 5.12 5.12 5.36 527 509 5.22 513 504
P,04 0.06 0.06 0.06 0.06 0.05 0.06 0.02 0.02 0.21 0.19 0.18 0.19 0.21 0.18 0.18 0.18
LOI 0.65 0.60 0.60 0.42 0.51 0.34 0.60 0.83 3.31 2.05 1.86 2.07 1.77 1.70 1.61 1.63
TFeO 2.83 2.83 2.81 2.72  2.30 2.47 1.96 1.85 4.54 4.31 4.30 4.35 472 4.44 459 4.58
A/CNK  0.96 0.95 0.97 0.96 0.96 0.98 0.96 1.00 0.96 0.97 0.98 0.93 0.93 0.98 0.99 0.95
A/NK 1.16 1. 14 1. 14 1.13 1.12 1.16 1.04 1.07 1.27 1.21 1.23 1.22 1.23 1.25 1.30 1.28
o 3.10 3.07 3.21 3.24  3.25 3.06 2.62 2.45 3.29 3.24 3.383 3.40 3.38 3.21 3.00 3.12
AR 2.88  2.85 2.85 2.88 2.87 2.80 3.39 3.01 2.58  2.87 2,70 2.67 2.75 2.62 2.44 2.54
Rb 194.20 203.78 195.63 184.12 202.31 208.26 229.32 228.74 164.38 133.88 120.81 126.67 129.97 157.83 141.42 161.03
Ba 708.60 679.33 669.89 662.65 644.05 675.23 105.50 124.34 624.57 647.45 603.10 626.62 599.00 647.75 626.08 602.26
Th 21.14 20.48 25.47 41.64 19.31 17.38 28.28 29.77 21.28 20.84 17.02 19.09 19.47 20.47 18.32 21.22
§] 5.25 5.44 6.40 9.38 6.53 4.40 5.10 5.51 2.96 3.50 2.50 3.58 4.03 3.54 3.35 3.22
45753 47 070 48 574 48 562 49 501 47 667 47 083 47 789 42 500 42 543 44 496 43 761 42 223 43 340 42 573 41 857
Ta 1.46 1. 43 1.50 1.75 1.54 1.51 1.82 1.60 0.94 0.99 0.83 0.95 1. 11 1.12 1. 14 1.08
Nb 17.77 18.01 18.38 19.28 16.99 19.43 20.00 17.54 8.78 9.05 8.29 9.36 11.05 11.32 11.14 10.35
La 25.71 26.55 36.97 37.24 29.42 39.63 47.01 35.51 34.49 37.60 27.42 33.68 36.47 33.47 36.31 37.09
Ce 74.88 76.38 95.70 97.52 81.53 97.22 112.96 86.04 89.23 95.50 75.22 88.51 91.40 88.78 90.50 92.96
Pb 20.47 19.81 18.88 22.01 18.90 18.08 23.27 17.15 18.82 20.51 15.12 25.20 33.12 13.75 19.74 18.94
Pr 8.08 8.03 9.51 9.62 8.39 9.73 11.13 8.16 8.91 9.34 7.75 9.00 9.16 8.92 9.0l 9.23
Sr 175.89 164.14 160.21 152.10 148.88 160.32 36.54 29.03 251.85 254.05 177.10 294.16 317.09 257.25 258.51 243.22
P 277 273 268 250 233 263 92 101 895 812 802 817 900 805 800 783
Nd 28.61 29.30 32.54 32.90 28.94 33.24 37.27 26.91 31.46 31.66 28.59 30.72 31.40 30.97 30.93 31.59
Zr 251.50 255.97 252.04 245.36 198.18 253.10 144.28 138.26 227.53 222.50 221.74 218.13 230. 16 233.34 234.94 223.83
Hf 6.56  6.95 7.76 7.30 6.40 6.44 5.39 4.77 5.8 530 532 495 572 6.09 6.08 6.03
Sm 5.82  5.91 6.17 6.47 549 6.17 7.59 544 578 5.94 546 5.5 58 597 6.01 6.13
Eu 1.04 1.08 1.05 1.08 1.07 1.14  0.44 0.44 1.21 1.24 1.10 1.26 1.18 1.20 1.30 1.18
Ti 2242 2192 2108 2061 1839 2095 1032 1040 3789 3507 3580 3587 3598 3575 3530 3507
Dy 4.61 4.45 4.83 5.13  4.59 4.99 6.36 4.01 4.34  4.71 4.22  4.33 4.71 4.35 4.42  4.55
Y 23.40 22.84 24.23 27.03 23.08 24.31 32.52 20.92 21.39 21.83 20.44 20.64 21.67 20.85 21.45 21.83
Ho 0.93 0.92 0.96 0.99 0.90 0.92 1.22  0.81 0.82 0.89 0.8 0.8 0.90 0.8 0.85 0.86
Yb 2.77 2.74 2.80 3.23 2.56 2.94 3.68 2.20 2.3l 2.53  2.29 2,44 2.45 2.43 2,40 2.54
Lu 0.41 0.40 0.41 0.47 0.41 0.41 0.54 0.33 0.35 0.36 0.34 0.35 0.36 0.383 0.37 0.36
Gd 6.44 6.33 6.77 7.33 6.13 6.77 8.24 5.8 6.54 6.68 6.10 6.33 6.70 6.66 6.62 6.55
Th 0.82 0.85 0.93 0.8 0.86 0.8 1.11 0.73 0.81 0.82 0.81 0.85 0.88 0.83 0.8 0.83
Er 2.55 2.69 2.95 3.12 2.70 2.75 3.68 2.34 2.49 2,47 2.32 2.47 2.54 2.45 2.48 2.50
Tm 0.42 0.40 0.42 0.46 0.39 0.45 0.56 0.36 0.39 039 0.35 0.35 0.40 0.33° 0.39 0.37
SREE 163.10 166.02 202.02 206.45 173.38 207.19 241.79 179.12 189.13 200. 13 162.81 186.74 194.43 187.68 192.44 196.73
(La/Yb)y 6.65 6.95 9.46 8.26 8.24 9.67 9.15 11.56 10.70 10.65 8.58 9.88 10.68 9.87 10.87 10.49
6Eu 0.52 0.54 0.49 0.48 0.56 0.54 0.17 0.24 0.60 0.60 0.58 0.64 0.57 0.58 0.63 0.56
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Fig. 6 QAP(a, Maitre, 1989), A/NK- A/CNK(b, Molnar and Tapponnier, 1975) and K,0 -SiO,(c, Peccerillo and

Taylor, 1976) geochemical diagrams of monzonitic granites from Dana ancient volcanic edifice
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granite ) ; 14—granodiorite; 15—tonalite, plagiogranite; 16—quartz-rich granite; 17—silicon quartzite
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Fig. 7 Chondrite-normalized REE patterns (a) and Primitive mantle-normalized multi-element diagrams (h) of monzonitic

granite ( chondrite data after Sun and McDonough, 1989)
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Fig. 8 Discrimination diagram of the intrusion rock (a after Whalen et al. , 1987; b~d after Li et al. , 2007)
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Fig. 9 Tectonic discrimination diagrams for the monzonitic granite (a, d after Pearce et al. ,1984; b after Pearce, 1996;

c after Harris et al. , 1986)
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Fig. 11 The model of Dana ancient volcanic edifice in the

South Gangdese belt ( modified from Pan Guitang et al. ,
2006; Xu Zhiqin et al. , 2011; 2012;
Han Fei et al. ,

Hou Zengqian et al. ,
2019)

6 45t

(1) KBRS AR KLU A & K lE
TEAH 8 A — Ui A — W0 A — 8 K LA A 2
%*HO

(2) WA I KL E 3 1R A BEAR =

2007)

1988; Schmidberger and Hegner, 1999;

2007)

KA ATE T 54 Ma, BT JOlimg A mpa), HAT R
Rl 1 TR AL B B HBER A~ AR A

(3) BABBEIR —RAERG A A 7e i T BB B
JT TR BT R b 45 SR A BB — RTE Al DI |

MEARE TR B, 76 AR 73 il ) g (A2 ) 5 I AL
YRR, R e R A R, eIk BT IR A o s 4

A VR B0 )R i L A8 AR A2 TE R IR BEAR — K4
EEEKLNS

g Aot B3RS B R AR R A E P
AT HE R BB 5T R A AR IR 35 5, Bl P BA S R
P M IRAL 52 B 50 P SR % B R 0P A 52 3h ) 4K P 69 35
B R F A XA EIFR B E R E N, A — R
VA BB Bt

References

Barbarin B. 1996. Genesis of the two main types of peraluminous granit-

oids[ J]. Geology, 24(4) . 295.

Boztug D, Harlavan Y, Arehart G B, et al. 2007. K-Ar age, whole-
rock and isotope geochemistry of A-type granitoids in the Divrig
i-Sivas Region, eastern-central Anatolia, Turkey[J]. Lithos, 97(1~
2): 193~218.

Castro A, Moreno-Ventas I and de la Rosa J D. 1991. H-type ( hybrid)



55 4 1

B R PR AP DR TR T AL B B R MR 3 T 817

granitoids; A proposed revision of the granite-type classification and

nomenclature[ J]. Earth-Science Reviews, 31(3~4); 237~253.

Chappell B W, Bryant C J and Wyborn D. 2012. Peraluminous I-type
granites J]. Lithos, 153 142~153.

Chappell B W and White A J R. 1992. I- and S-type granites in the
Lachlan Fold Belt[ J]. Special Paper of the Geological Society of
America, 272 1~26.

Chappell B W and White A J R. 2001. Two contrasting granite types: 25
years later[ J]. Australian Journal of Earth Sciences, 48(4) . 489~
499.

Chen Xiaolin and Huang Xiangzhi. 2010. Volcanic facies and volcanic
edifice in Paleogene period at xiongba-delai district, Tibet[ J]. Re-
sources Environment & Engineering, 24(6) : 653 ~658 (in Chinese
with English abstract) .

Collins W J, Beams S D, White A J R, et al. 1982. Nature and origin of
A-type granites with particular reference to southeastern Australia
[J]. Contributions to Mineralogy and Petrology, 80(2) : 189 ~200.

Corfu F, Hanchar J M, Hoskin P W O, et al. 2003. Atlas of zircon tex-
tures| C|//Hanchar J M and Hoskin P W O. Zircon Reviews in Min-
eralogy and Geochemistry, 53: 469~499.

DePaolo D J and Daley E E. 2000. Neodymium isolopes in basalts of the
southwest basin and range and lithospheric thinning during continental
extension[ ] |. Chemical Geology, 169(1~2): 157~185.

Deng Jinfu, Zhao Hailing, Mo Xuanxue, et al. 1996. The Root-Plume
Tectonics of China Continental; Key to the Continental Dynamics
[M]. Beijing: Geological Publishing House, 1~ 110 (in Chinese
with English abstract).

Gong Xin, Zhao Yuanyi, Shui Xinfang, et al. 2020. Zircon U-Pb chro-
nology, Hf isotope and geochemistry studies of the Early Cretaceous
rock mass in the Hulalin of Upper Heilongjiang Basin[ J]. Acta Geo-
logica Sinica, 94(2) : 553~572 (in Chinese with English abstract) .

Guo Yingshuai. 2019. Geochemical Characteristics of Volcanic Rocks of
Linzizong Group in Xungba Area, Tibet[ D]. Chengdu Uniersity of
Technology (in Chinese with English abstract) .

Han Fei, Huang Yonggao, Li Yingxu, et al. 2019. The identification of
the Eocene magmatism and tectonic significance in the middle Gang-
dise magmatic belt, Nanmulin area, Tibet[ J]. Geological Bulletin of
China, 38(9): 1 403~1 416 (in Chinese with English abstract) .

Harris N B W, Pearce J A and Tindle A G. 1986. Geochemical charac-
teristics of collision-zone magmatism|[ J]. Geological Society of Lon-
don Special Publications, 19(1) : 67~81.

Hofmann A W. 1988. Chemical differentiation of the Earth: The relation-

ship between mantle, continental crust, and oceanic crust[ J]. Earth
and Planetary Science Letters, 90(3) : 297~314.

Hou Zengqian, Zheng Yuanchuan, Yang Zhiming, et al. 2012. Metallo-
genesis of continental collision setting: Part I . Gangdese Cenozoic
porphyry Cu-Mo systems in Tibet[ J]. Mineral Deposits, 31(4) : 647
~670 (in Chinese with English abstract).

Huang Yingcong, Yang Deming, Zheng Changqing, et al. 2005. The ge-
ochemical characteristics of the pana volcanic rocks of the linzizong
group in the Zhaxue area, Linzhou County, Tibet and its geological
implication[ J |. Journal of Jilin University ( Earth Science Edition) ,
35(5): 576~580 (in Chinese with English abstract).

Huang Yonggao, Han Fei, Kang Zhigiang, et al. 2022. Geochronology
and geochemistry of the Linzizong volcanic succession, Namling Ba-
sin, Tibet[ J/OL]. Earth Science. https://kns. cnki. net/kems/ de-
tail/42. 1874. p. 20220607. 1507. 020. html.

Huo Jiuwei, Huang Dengpeng, Li Shengbao, et al. 2019. Geochemical,
chronological characteristics and geological significance of the volcanic
rocks of the Dianzhong Formation in the eastern Dajiacuo area, Tibet
[J]. Mineral Exploration, 10(6); 1 285~1 295 (in Chinese with
English abstract).

JiWQ, WuFY, Chung S L, et al. 2009. Zircon U-Pb geochronology
and Hf isotopic constraints on petrogenesis of the Gangdese batholith,
southern Tibet[ J]. Chemical Geology, 262(3~4) . 229~245.

Jia Jianchen, Wen Changshun, Wang Genhou, et al. 2005. Geochemical
characteristics and geodynamic significance of the Linzizong Group
volcanic rocks in the Gangdise area[ J]. Chinese Geology, 32(3):
396~404 (in Chinese with English abstract) .

Jia Yuyang. 2020. Geological Characteristics and Tectonic Significance of
Volcanic Rocks of Linzizong Group in Xietongmen Area, Tibet[ D].
Chengdu Uniersity of Technology (in Chinese with English abstract) .

Kapp P, Murphy M A, Yin A, et al. 2003. Mesozoic and Cenozoic tec-
tonic evolution of the Shiquanhe area of western Tibet[ J]. Tectonics,
22(4): 1~26.

Li Chengzhi, Yang Wenguang, Zhu Lidong, et al. 2019. Zircon U-Pb
age, geochemical characteristics and diagenetic dynamic background
of the cuobulaguo granites in the southern margin of Lhasa terrane
[J]. Mineralogy and Petrology, 39(2): 45~57 (in Chinese with
English abstract).

Li X H, Li W X and Li Z X. 2007. On the genetic classification and tec-
tonic implications of the Early Yanshanian granitoids in the Nanling
Range, South China[J]. Chinese Science Bulletin, 52(14): 1 873

~1 885.



818 F=

PR N 7/ B /S

43 4%

Liu Hong, Zhang Linkui, Huang Hanxiao, et al. 2019. Petrogenesis of
Late Triassic luerma monzodiorite in western gangdise, Tibet, China
[J]. Earth Science, 44(7) : 2 339~2 356 (in Chinese with English
abstract ) .

Liu Jun, Mao Jingwen, Wu Guang, et al. 2013. Zircon U-Pb dating for
the magmatic rocks in the chalukou porphyry Mo deposit in the north-
ern great Xing’an range, China, and its geological significance[ J].
Acta Geologica Sinica, 87(2) : 208 ~226 (in Chinese with English
abstract) .

LiuY S, HuZ C, Zong K Q, et al. 2010. Reappraisement and refine-
ment of zircon U-Pb isotope and trace element analyses by LA-ICP-
MS[ J]. Chinese Science Bulletin, 55(15): 1 535~1 546.

Ludwig K R. 2003. ISOPLOT 3.0: A Geochronology Toolkit for Microsoft
Excel Berkeley[ C]//Berkeley Geochronology Center Special Publi-
cation, 1~53.

Maitre R W L. 1989. A Classification of Igneous Rocks and Glossary of
Terms[ M]. Blackwell Scientific Publications.

Meng Yuanku, Xu Zhiqin, Gao Cunshan, et al. 2018. The identification
of the Eocene magmatism and tectonic significance in the middle
Gangdese magmatic belt, southern Tibet [ J]. Acta Petrologica Sini-
ca, 34(3): 513~546(in Chinese with English abstract) .

Mo Xuanxue. 2011. Magmatism and evolution of the Tibetan Plateau[ J].
Geological Journal of China Universities, 17(3) : 351~367 (in Chi-
nese with English abstract) .

Mo X X, HouZ Q, Niu Y L, et al. 2007. Mantle contributions to crustal
thickening during continental collision: Evidence from Cenozoic igne-
ous rocks in southern Tibet[ J]. Lithos, 96(1~2); 225~242.

Mo Xuanxue, Zhao Zhidan, Deng Jinfu, et al. 2003. Response of volcan-
ism to the India-Asia collision[ J]. Earth Science Frontiers, 10(3) :
135~148 (iin Chinese with English abstract).

Mo Xuanxue, Zhao Zhidan, Yu Xuehui, et al. 2009a. Cenozoic Colli-
sional-Postcollisional lgneous Rocks in the Tibetan Plateau[ M ]. Bei-
jing: Geological Publishing House (in Chinese with English ab-
stract ) .

Mo Xuanxue, Zhao Zhidan, Zhu Dicheng, et al. 2009b. On the litho-
sphere of indo-Asia collision zone in southern Tibet: Petrological and
geochemical constraints[ J]. Earth Science, 34(1): 17~27 (in Chi-
nese with English abstract) .

Molnar P and Tapponnier P. 1975. Cenozoic Tectonics of Asia: Effects of
a Continental Collision; Features of recent continental tectonics in A-
sia can be interpreted as results of the India-Eurasia collision[ J].

Science, 189(4 201) ; 419~426.

Pan Guitang, Mo Xuanxue, Hou Zengqian, et al. 2006. Spatial-temporal
framework of the Gangdese Orogenic Belt and its evolution[ J |. Acta
Petrologica Sinica, 22(3) : 521 ~533 (in Chinese with English ab-
stract) .

Pearce J. 1996. Sources and settings of granitic rocks[ J]. Episodes, 19
(4): 120~125.

Pearce J A, Harris N B W and Tindle A G. 1984. Trace element discrim-
ination diagrams for the tectonic interpretation of granitic rocks[J].
Journal of Petrology, 25(4) : 956~983.

Peccerillo A and Taylor S R. 1976. Geochemistry of Eocene calc-alkaline
volcanic rocks from the Kastamonu area, Northern Turkey[ J]. Con-
tributions to Mineralogy and Petrology, 58(1) : 63~81.

Rapp R P, Shimizu N, Norman M D, et al. 1999. Reaction between
slab-derived melts and peridotite in the mantle wedge: Experimental
constraints at 3.8 GPa[J]. Chemical Geology, 160(4) : 335~356.

Rudnick R L and Gao S. 2003. Composition of the continental crust
[ C]//Treatise on Geochemistry. Amsterdam: Elsevier, 1~64.

Schmidberger S S and Hegner E. 1999. Geochemistry and isotope system-
atics of calc-alkaline volcanic rocks from the Saar-Nahe Basin ( SW
Germany ) -Implications for Late-Variscan orogenic development[ J].
Contributions to Mineralogy and Petrology, 135(4) . 373 ~385.

Sun Chao, Gou Jun, Sun Deyou, et al. 2021. Petrogenesis and tectonic
implication of Late Paleozoic I-A type granites in the northwest Hei-
longjiang Province [ J]. Journal of Jilin University ( Earth Science
Edition) , 51(4): 1 082~1 097 (in Chinese with English abstract).

Sun S S and McDonough W F. 1989. Chemical and isotopic systematics of
oceanic basalts: Implications for mantle composition and processes
[J]. Geological Society, London, Special Publications, 42(1) ; 313
~345.

Tang Pan, Tang Juxing, Zheng Wenbao, et al. 2018. Zircon U-Pb ages,
Hf isotopes and geochemistry of the volcanic rocks in Dianzhong For-
mation from Xingaguo area, Tibet[ J]. Acta Petrologica et Mineralog-
ica, 37(1) : 47~60 (in Chinese with English abstract) .

Taylor S R and McLennan S M. 1985. The Continental Crust:Its Compo-
sition and Evolution: An Examination of the Geochemical Record Pre-
served in Sedimentary Rocks[ M ]. Oxford, London; Blackwell Sci-
entific Publication, 1~301.

Turpin L, Cuney M, Friedrich M, et al. 1990. Meta-igneous origin of
Hercynian peraluminous granites in N. W. French Massif Central .
Implications for crustal history reconstructions[ J]. Contributions to

Mineralogy and Petrology, 104(2) . 163~172.

Wang Qisong, Zhang Jing, Wang Su, et al. 2019. Petrogenesis and tec-



55 4 i

tonic setting of the quartz porphyry in Mazhuangshan gold deposit,

Eastern Tianshan Orogen: Evidence from geochemistry, zircon U-Pb

geochronology and Sr-Nd-Hf isotopes[ J]. Acta Petrologica Sinica,

35(5): 1503~1 518 (in Chinese with English abstract).

Wang Tao, Wang Xiaoxia, Guo Lei, et al. 2017. Granitoid and tectonics

[J]. Acta Petrologica Sinica, 33(5): 1 459~1 478 (in Chinese
with English abstract) .

Wei Naishao, Kang Zhiqiang, Yang Feng, et al. 2019. Geochronology,

geochemical characteristics, and genesis of the Dianzhong Formation

volcanic rocks in Changguo area, southeastern Lhasa Block, Tibet
[J]. Geochimica, 48(1): 30 ~42 (in Chinese with English ab-
stract) .

Wen D R, Liu DY, Chung S L, et al. 2008. Zircon SHRIMP U-Pb ages
of the Gangdese Batholith and implications for Neotethyan subduction
in southern Tibet[ J]. Chemical Geology, 252(3~4): 191~201.

Whalen J B, Currie K L and Chappell B W. 1987. A-type granites: Geo-
chemical characteristics, discrimination and petrogenesis[ J]. Contri-
butions to Mineralogy and Petrology, 95(4) : 407~419.

Wu F Y, Jahn B M, Wilde S A, et al. 2003. Highly fractionated I-type
granites in NE China (1): Geochronology and petrogenesis [ J].
Lithos, 66(3~4): 241~273.

Wu Yuanbao and Zheng Yongfei. 2004. Genesis of zircon and its con-

straints on interpretation of U-Pb age[J]. Chinese Science Bulletin,

49(15): 1 589~1 604(in Chinese with English abstract).

Wyborn D, Turner B S and Chappell B W. 1987. The Boggy Plain Super-

suite: A distinctive belt of I-type igneous rocks of potential economic

significance in the Lachlan Fold Belt[ J]. Australian Journal of Earth

Sciences, 34(1) . 21~43.

Xiong X L, Li X H, Xu J F, et al. 2003. Extremely high-Na adakite-like
magmas derived from alkali-rich basaltic underplate; The Late Creta-
ceous Zhantang andesites in the Huichang Basin, SE China[J]. Geo-
chemical Journal, 37(2) . 233~252.

Xu J F, Shinjo R, Defant M J, et al. 2002. Origin of Mesozoic adakitic
intrusive rocks in the Ningzhen area of East China: Partial melting of
delaminated lower continental crust? [ J]. Geology, 30 (12):

1111,

On the tectonics of

Xu Zhiqin, Yang Jingsui, Li Haibing, et al. 2011.

the India-Asia collision[ J]. Acta Geologica Sinica, 85(1): 1~33

(in Chinese with English abstract).

Yang Chengye, Feng Jiajia, Li Yubin, et al. 2022. Eocene Tuolong

I -type granite in Linzhou area, Tibet: Constraints on the timing of

the collision between India and Eurasian plates[ J]. Acta Petrologica

TR VU AR DRI T K LU A B R R 819
et Mineralogica, 41(6): 1 080~1 096 (in Chinese with English ab-
stract) .
Yang Jiyi, Fei Guangchun, Ding Feng, et al. 2019. The geochemical

characteristics and geological significance of the monzogranite in

Rongboza, Angarze, Tibet[J]. J. Mineral. Petrol. , 39(4): 69~77
(in Chinese with English abstract).

Zeng Lingsen and Gao Li’e. 2017. Cenozoic crustal anatexis and the leu-
cogranites in the Himalayan collisional orogenic belt[ J]. Acta Petro-
logica Sinica, 33(5): 1 420~1 444 (in Chinese with English ab-
stract) .

Zhu D C, Zhao Z D, Niu Y L, et al. 2013. The origin and pre-Cenozoic
evolution of the Tibetan Plateau[ J]. Gondwana Research, 23(4) .

1429~1 454.

Bt 32 228 STk

RBepk, BEAEDE. 2010, PU sk B —f ot s IX iy 0 20 K LA AR Bl
B[ J]. YRS TR, 24(6) : 653~658.

ABELAR X VERS  BEE A AF. 1996, KBS AL HY - B 11 71 2 1) gL
[M].dest . BT Rk

W #Z, BouZ, K#oy, %. 2020, ©ERIRIT A0 H R PR R A
FHIRES AT U-Ph R0 HE RIS 2E Mt BRAE R AERR T ()], 4t
A, 94(2) : 553~572.

ZRTEI. 2020, V4 A I 3 DMK T S5 LD A A Bk AL 2
[D]. J#R: BRI T

Bk, FOKE, ZERIM, S 2019, FEHXE I B AR AR X iR

TR P R B A 8 [T ] . MR AR, 38(9)
1403~1 416.

BRI RN EH, S5 2005, PR B4l H Kbk TSR
WAFRZH S L B Bk AL 2 5 A B HE b R [T, 5 ok 2
R (HIRBIERR) , 35(5) ¢ 576~580.

FOkE, wK, BEER, 4 2022, PUREIARMREHIAR TSR Al
FARACE R ER L2
09). hitps://kns. cnki. net/kems/detail/42. 1874. p. 20220607.

FRAE

FRIE[J/0L]. #bERBLY . 1~25. (2022-06-

1507. 020. html.
BEse, FRm, R, . 2012, KREGREE S ER . 1. KEH
BHEARBEE R RS [T]. BRI
KOG, BEMS, 22, . 2019 PERTTINES
EHERAL S FRAE AR AR R R R M B R [T ]
(6):1285~1295.
UK, IR, TARIE, 4. 2005. KUK X AT 28 KL A S
AU ERAL SRR Mt B3R 3h F12E R [T, b B

, 31(4) . 647~670.
IR H X B kil
A, 10

,32(3): 396



820 " A

43 4%

~404.

BURIFH. 2021, PHRCIHHE )3t O F 55 10 LD b AR fiF R A i
HX[D]. BUAR: BT R
G, 30, RAIA, S5 2019, i BEHLAR G S5 A R A6 B
VREEFT U-Ph 4RI MbERAL 2 FRAE A B S0 B 5 ()], 0
HA, 39(2) ; 45~57.

AW, 1990, FEBEHR H-46-20 1:20 J7 XM JH R4 [ R]. PO
Hb A Jo X 358 i 5 25 ACBA.
Xk, bR, FEY, % 2019, PRI P B G R B =5
M RINKAERRE[T]. MERRL, 44(7) . 2 339~2 356.
X, BRI, R, % 20130 KB ILE A IR O BE A A
RIS A U-Ph AR#8 F O R ST )], b si2A, 87(2) .
208 ~226.

FICHE, VFREE, mAEIL, S5 2018, RS KR BEGA T I
PRI E Je KR B L [)]. A, 34(3):
546.

513 ~

HHAR
(3): 351~367.

B %, 2011, HERSREAL)]. SRR, 17
3

BEEY, &S, XS, 4. 2003, EREE
JONAEImRIRI[ )], Hi2ARTZ%, 10(3)

TUE S XS, B, 25 2009a. T R R R A AR A I -

AID]. Abnt. HuF k.

RS, ARBAL, . 2009 PHCEE HEED R R A
B e MR U D] HUERRLF, 34(1) .

WAESE, SUE N GAETE, 2. 2006, XU LT Y I 25 254 K i
B[ T]. Af¥HE, 22(3): 521~533.

=9 S i = i 4 o R G
135~148.
S5 A K

K
RHE,

17~27.

M, A, IMEA,

BUAE A 0 R Bk 2 L[],

51(4);

BE RN HOCT, 4 2018, THEHTIE SR HE X L 4

AR HE RIAL R R ERIL# R AE [ 1], B A0 ik, 37

(1) : 47~60.

TE, 9k #, T, % 20190 KRS E LSS KR A5
BEET A A LR AR 5 . DU Bk LA | U-Pb AEARAE AN Sr-
Nd-Hf Rz R AW ], HAFHR, 35(5): 1503~1 518.

T, EWE, B &, %2017, ERASRHE)]. HO%
i, 33(5): 1459~1 478.

HI9E, RS, B B, S 2019, PURECHIBEHLL AR MR 2% B SR
KB LA AR bR RO A [ ], HhERfk 2, 48
(1): 30~42.

FIUPR, MK K. 2004, A KT ERE S S X U-Ph AR I i e
MIZ91)T. B, 49(16)

VFEREE, MAsr, 255,
AR, 85(1) : 1~33

Mol , i, 2R, 4. 2022, PUGHOMCE X GG T I FE O 1 2
AL % ER - WO AR R B BR A T[] A A 2k,
41(6) ;

WAkiZ, O, T M, % 2019, PERGRF RN KIEE
HHBRALF AR B5 AT U-Pb 4RI R L) ). 09I E A, 39
(4): 69~77.

AR, mAlEk. 2017.
WEMARAE[T]. HAFHR, 33(5):

% 2001 BIEVTAS PEAL RS # /AL 1A
KA HUERRI R
1 082~1 097.

it

1 589~1 604.

ZF. 2011, EQJE-EPRERE R A E (],

1 080~1 096.

B LR R A AR R S

1420~1 444.



