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Abstract: This paper is the result of geological survey engineering.

[Objective] Mantle— derived magmatism generally provided an ideal research object to reveal the geodynamic evolution in the
depth. The mafic dikes, which shown intensive distribution in Nie'erco area of central Tibet, are regarded as a key aspect to
understanding the regional tectono—magmatic evolution. [Methods] In this paper, we report geochronological and geochemical data
of the diabases in the Nie'erco area. [Results] The zircon U—Pb dating yielded magmatic crystallization ages of (50.8+0.6) Ma,
indicating the Nie'erco diabases emplacement in the early Eocene. The diabase samples have low SiO,, high MgO, ALO:;, TiO, and
total alkali (Na,O+K,O) contents, similar to alkaline ocean island basalt (OIB). These geochemical features suggest that the studied
diabases were generated by partial melting of asthenosphere, with the involvement of continental crustal components. [Conclusions]
Combined with the post— collisional Linzizong volcanic rocks and OIB—like mafic rocks in southern Tibet, we prefer that the
Cenozoic magmatism in Tibet is mainly controlled by the northward subduction of the Neo— Tethyan ocean and the following

continent collision between India and Eurasia plates. Our research favor that the Nie'erco diabases were generated in response to the

slab breakoft and related upwelling and decompressional melting of sub—slab asthenosphere.

Key words: zircon U—Pb age; diabase; Eocene; Neo—Tethys; slab breakoff; geological survey engineering; Nie'erco; Tibet

Highlights: (1) Nie'erco diabases emplaced in Eocene (51 Ma) and shown geochemical affinity to OIB— type rocks; (2)

Identification of OIB—like diabases provided important evidence for the slab breakoff of Neo—Tethyan Ocean.
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Fig.1 Tectonic subdivision of the southern Tibetan Plateau (a) and simplified geological map of the Nie'erco area and samples
location (b)

LSSZ—-Longmuco—Shuanghu suture zone; BNSZ—-Bangonghu—Nujiang suture zone; SNMZ—Shiquan River—Namsto melange zone;
LMF—-Luobadui—Milashan Fault; IYZSZ—Indus—Yarlung Zangbo River suture zone
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Fig.2 Field and petrographic photographs of Nie'erco diabase
Amp—Amphibole; Px—Pyroxene
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Table 1 LA—ICP—MS zircon U—Pb dating results of Nie'erco diabases

il [l 2% AR Fh/Ma

*Pb/*Pb lo *Pb/**U lo *Pb/**U lo Pb/*Pb 1o *Pb/°U 1o *“Pb/*U lo
1 0.04621  0.00222  0.05071  0.00252  0.00796  0.00022 9 57 50 2 51 1
2 0.05017  0.00268  0.05401  0.00296  0.00781  0.00021 203 78 53 3 50 1
3 0.04733  0.00407 0.05213  0.00446  0.00799  0.00025 66 130 52 4 51 2
4 0.05003  0.00326  0.1237 0.0082  0.01793  0.00050 196 101 118 7 115 3
5 0.04716 ~ 0.00229  0.05231  0.00258  0.00804  0.00023 57 59 52 2 52 1
6 0.05002  0.00307  0.05383  0.00334 0.00781  0.00022 196 92 53 3 50 1
7 0.04605  0.00199  0.04922  0.00159  0.00775  0.00022 92 49 2 50 1
8 0.04920  0.00151  0.1053 0.0036  0.01552  0.00040 157 37 102 3 99 3
9 0.04669  0.00551  0.05161  0.00609  0.00802  0.00023 33 204 51 6 51 1
10 0.04729  0.00191  0.05188  0.00218  0.00796  0.00021 64 50 51 2 51 1
11 0.04893  0.00228  0.1062 0.0051  0.01574  0.00041 144 66 102 5 101 3
12 0.05872  0.00350  0.06437  0.00390 0.00795  0.00022 557 84 63 4 51 1
13 0.05380  0.00520  0.05791  0.00559  0.00781  0.00023 363 165 57 5 50 1
14 0.04874  0.00223  0.05275  0.00251  0.00785  0.00021 135 63 52 2 50 1
15 0.04704  0.00219  0.05238  0.00252  0.00808  0.00022 51 59 52 2 52 1
16 0.04823  0.00221  0.05399  0.00256  0.00812  0.00022 111 62 53 2 52 1
17 0.05132  0.00112  0.2008 0.0054  0.02838  0.00072 255 28 186 5 180 5
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Table 2 Analytical results of major (%) and trace elements(10°) of Nie'erco diabases

Tl6h1 T16h2 T16h3 T16h4 T16h1 T16h2 T16h3 T16h4
SiO, 51.1 54.6 513 51.3 Zr 229 199 224 224
TiO; 1.49 1.14 1.42 1.46 Nb 23.0 14.6 224 225
ALO; 17.3 17.3 16.9 17.1 Sn 1.67 2.00 1.59 1.64
Fe,0:T 8.91 8.91 8.34 8.82 Cs 3.12 3.32 2.33 2.76
MnO 0.13 0.16 0.13 0.13 Ba 765 415 540 713
MgO 4.46 3.64 4.10 431 La 46.7 33.8 45.1 46.4
Ca0 5.41 6.15 6.40 5.62 Ce 95.7 66.4 93.8 96.3
Na,0 3.58 4.00 3.77 3.66 Pr 11.2 751 11.1 11.2
KO 3.28 1.93 2.63 3.06 Nd 439 29.0 43.4 44.1
P,O; 0.62 0.41 0.57 0.61 Sm 7.44 5.81 7.45 7.63
LOI 3.37 1.87 3.90 3.73 Eu 2.02 1.46 2.01 2.06
Total 99.6 100.1 99.5 99.7 Gd 5.78 4.93 5.59 591
Li 63.2 71.1 553 61.4 Tb 0.80 0.71 0.81 0.86
Be 1.72 1.45 1.65 2.00 Dy 4.53 3.95 4.54 4.57
Sc 17.3 182 16.2 16.9 Ho 0.90 0.86 0.86 0.89
\% 186 192 177 178 Er 2.34 221 2.28 2.43
Cr 41.6 24.0 40.3 40.8 Tm 0.34 0.33 0.31 0.34
Co 24.4 18.7 245 23.9 Yb 2.05 2.04 1.89 1.98
Ni 41.6 25.8 412 40.7 Lu 0.32 0.36 0.33 0.32
Cu 30.5 5.2 73.8 155 Hf 5.39 457 5.20 5.38
Zn 87.3 145.7 80.2 86.8 Ta 1.26 0.82 1.17 1.22
Ga 21.0 21.1 21.7 21.1 Tl 0.82 0.57 0.61 0.73
Rb 136 98.4 105 126 Pb 6.87 60.71 8.18 7.04
Sr 726 545 779 727 Th 7.20 437 7.33 721
Y 23.9 227 232 239 U 1.17 1.10 1.16 121
0.04 — . o 54
ol : P T 1 4 3 =(50.80.6) Ma
=1 MSWD=0.64, N=13
S0um_ (51+2)Ma 200 | ‘
52
5 150 ‘ | ‘
S 0.02 55 | L L
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Fig.3 Zircon U—Pb concordia diagrams of diabase
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Fig.4 Nb/Y-Zr/TiO, diagram (a, after Pearce, 1996) and SiO,—(Na,O+K,0) diagram (b) (Data is from D'Orazio et al., 2001;
Gorring et al., 2003; Espinoza et al., 2005; Ji et al., 2016; Wu et al., 2019a)
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Fig.5 Chondrite—normalized rare earth element patterns (a) and primitive mantle—normalized trace element spider diagrams (b)
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OIB—Oceanic island basalt; N—-MORB—Normal mid—ocean ridge basalt; E-MORB—Enriched mid—ocean ridge basalt

http://geochina.cgs.gov.cn H1[E 1T, 2023, 50(6)



1810 i 5] b J 2023 4F

3 100
3 A N %R A R s
L (@) A 5573 L (®) |eo ;1116/’101%) difalisﬁ
’ I I n?ﬁu@ggﬁ#ﬁgl&)
[ L jabbros of central Tibet (K, N-MORB
A& 9 UC I o R (B
Langshan gabbros of south Tibet (E,)
o 2 | A ) ihames N)
C A X afic rocks of southern South America
v A )/%)\ .\"IC M i o
z X A A os "«
i~ e = o
Z RKEZHREH S 1ol + O
S0 = 1o .
Z ot C RS o
i _PM i 8 om -
1 [ I W
[ »OIB I
I | +N-MORB i i N
O il § I SN TN TR NN TN TN TN TN N TR N NN TN [N TN TN TN S SN TR SN S S S S S N1 1 1 1 1 1 T T T | 1 1 1 1 U I |
0 1 2 3 1 10 100
(La/Nb), Nb/U

[ 6 (La/Nb)x—(Th/Nb)« [Kfi# (a, #i& Frey et al., 2002) F1Nb/U—Nd/Pb [&Iff# (b, 35 Ji et al., 2016) (5| FHE & 4)
PM—J IR i ; OIB—: 12 X B s N-MORB— 7 5 Bl i i X ; E-MORB— i AR AL il X LC— T Ihoe sMC—riise ;s UC— I
HbE ; CC—K i hatc
Fig.6 (La/Nb)x—(Th/NDb)y diagram (a, after Frey et al., 2002) and Nb/U—Nd/Pb diagram (b, after Ji et al., 2016) (the cited data is the
same as Fig.4)
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Fig.7 Ti—V diagram (a, after Shervais, 1982) and TiO,—MnO—P,0s diagram (b, after Mullen, 1983) (the cited data is the same as
Fig.4)
IAT-Island arc tholeiite; MORB—Mid—ocean ridge basalt; OFB—Oceanic flood basalt; OIB—Oceanic island basalt; OIT—Oceanic island
tholeiite; OTA—Oceanic island alkali basalt; CAB—Calc—alkaline basalt
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[FFAE ; 7E TiO,— MnO—P,0s &I it 1 (18] 7b) , #ESRA
i R RE VA T 5 e 2 DX Bl 7 i 28
A T SRS R DX R Y M I X, R TR ER R
P Mt 1 9 475 Rl ¥ 7= ) (Ferrari et al., 2001; Gorring
et al., 2003; Sklyarov et al., 2003; Wu et al., 2019a) .
UTAER , VPG 6 e Al 2L T O B R T B
AER , ik SELPE A A7 R RE AT OIB Y iy Bk Ak 2
SAIE , WIFFE I A L TR T RS A i Pl i (T et al.,
2016) o [HIH, AR SO K S IR S R A R A S TR R
A | MU P8 A R ) )
42 HEER

HMOE AR A 2 R, A A A ]
AR, R IRER B ) A R A B S A il SR
(Chung et al., 2003, 2005; 5& 5 2%, 2011; Zhu et al.,
2011) o HFFEIXALT P P R A AL P B bk 2 |
DI R Bl LA St S0 — e R
R 3 A 2 52 BN W) — AV i
UL S A 5% — T 3 o i lf 2 1o ¥ 52 0] ( Zhw et al,
2011, 2016; Pan et al., 2012; Wu et al., 2018, 2019a,
b; Liu et al., 2019) , K i BYWFFE GORE SRR PR ] —
AL R AR E 2941 (Kapp et al., 2007;
Raterman et al., 2014; Ma et al.,, 2017; Li et al.,

100 =
- o LRI

[ (a) Nie’erco diabases

7 58 0 M K (K )

Gabbros of central Tibet (K,)
o U B 1L (E)

Langshan gabbros of south Tibet (E,)
INVEL RIS 0]

Mafic rocks of southern South America (N)

ErhE X

WA %A

2018) , T 5% 1 29 0 10— W60 g 4 RRAE 1) 2 3
P R N ZIE TRl S AR 5, R 8l 2L
il 55 2 P TS AR T 5 4 RS A P R AR
*: (Zhu et al., 2011, 2016; Wu et al., 2018, 2019a,
b) o TEME 2 5 DX s J 0 S5 , b
5 IEYEAR IR DG U — 1A%, P b &R AR P A
BrBL. T Zr—Zu/Y EIf#FINb—Ze—Y B fif (1 8)
kIR B A i v AR N X O X, i — 2D
F VG P AR TE LA B T A AR AR S AR Y B
4.3 HizkEh S EHLE

AR S0 VR A 3 Ak S B B AR — B R Y A
P T AR, P B RE — BRIV A i P i il 4k
If B2 Ak 22 7 3 OC 1 B9 A R ) (Garzanti et al.,
1987; Dewey et al., 1989; Yin and Harrison, 2000; Hu
etal., 2016), K MEM A EIETR R BB g %
TELGHT T I0) (29 50 Ma) £77E FHISE (1) 5 IR 0k A it
oy, o A o BR AL AR R AE LA B PR S A o
(FITHEAE, 2015, 2018) , B ARGBFFE 4 Hh Iz A o
VE IS B e 0 v b 1l i v 5 | 2 B9 & J A H
(Schirer et al., 1984; Searle et al., 1987) , Ifii i 4F 3
LR A AR AR AT T GORHE 7R B R0 A
RN 2% e B IR — BRIV Al B fli il A 42 e 2 ) 7 )

Nbx2

(b)
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Fig.8 Zr—Zr/Y diagram (a, after Pearce and Norry, 1979) and Nbx2—Zr/4-Y diagram (b, after Meschede, 1986) (the cited data is
the same as Fig.4)
Al—Within—plate basalt; AII—Within—plate alkaline and within—plate tholeiite; B—Enriched mid—ocean ridge basalt; C—Within—plate basalt and
volcanic arc basalt; D—Normal mid—ocean ridge basalt and volcanic arc basalt
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(Wen et al., 2008;Ji et al., 2009,2016; 525 2% ,2011;
Zhu et al., 2015,2018; Bf % FM5,2019) .

AR , A2 B R PR B me 218U T K
[ JE 1 5 2K 1% 31 (Dong et al., 2005 ; 1 7 2 F1 T 4K,
2006; Ji et al., 2016; Huang et al., 2017; T Jil #5245 ,
2019) , A5 5 5 7 10 20 M 25 R A FH R AR TR 1
F a4 (57~47 Ma) , BRI 224354 12 7% OIB
BRI AESE . OIB YA A1 BT WGl 5 TR ER R
T VL s YR A G, o] AR BT b i 83 Al A o
&5 ) ¥ 7 5 (Hole et al., 1991 ; Ferrari et al., 2001;
Hawkesworth and Schersten,2007; Wu et al., 2019a) ,
2 JEEN 05 T AR PR V9 R 7 2 A5 IR A
I HLAE PE g 3o 2L R, X S e A 5 | R A IR
FIRATEASITEAMART o 7 Fifi el 8 2ok 7R o A o
M PRI 25 A W7 5 LA R 8 P 1) o P O A R L
P2 RO ER R B b T I e A e L,
W E. A OIB &l & f1 (Ji et al., 2016; Wu et al.,
2019a) . 385 WA A BYRTTSTF R G KA AIR
IRV UE IR K R A R AR S ek
SR AR 7R B — WO AR R Rl A8 T 1A 3 R A A
P8l T8 i % AE YR30 (Chung et al., 2003,2009) , K
ki 21 1 I 5 B A Al BRI SR ol i il 4 i R
o 2 R ST o 4 AR B I B ST R A\ M R
I 5 Z [ 77 1 262 S 80t e i A 2 Bt 7234
R AEWTE IR RIIY iR Fr e, BIAR B 5 i

#£ (Davies and von Blanckenburg, 1995; van Hunen
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(&5 Ji etal., 2016)
Fig.9 Schematic illustration of the Eocene tectonic—magmatic
evolution of the Tibetan Plateau
(modified from Ji et al., 2016)

and Allen, 2011; Wu et al., 2016, 2019a) . Hx A % ¥
FIIF 25 H4 T BORH o B e 3 , IR b
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AR 5% KL A A — B (R AR 45, 2006; 245 2
2011; Ko KA, 2017) o BLAk, 35 Rt 5 b 72 4K
P48 7 B R i A A BBl O AN R A B
M (Jin et al., 1996) , R BRI AT 2% PE 72 O 22 Bk
Sl Gk W CR 50 LA, 2017) o BRI, AR Sk
SRR A TR S ML B BRI B S R sl i
F A PRI TR ER M BR 3 1 2R (1 9) o

JE L B A B AT 4 Gl AR IRTE AL B L R
BT ARAT LR B Ak 2 B B RE — IR I A Rl i
Ao X PR g S L DX AR R — A SR IR R = A T
—FE MY o BT, 7E VY B R LA Bl X )
IR E A Dk v R ARAS 1 4Bt R A AR 18
J.((49.1£0.8) Ma) , Hib Rk~ 20 nl [F) B¢ /R OIB
U7 B AR (BRI 45, 2019) o X 8658 B npafy
(1 OIB HU A7 i Tl 3 WY R B S0 v IR o iy 5 0
SELEAR AT AR R W72 2 )5, TR I e H s DA
B b g et i IF 2 i 1 b % , AMUFERL B Hb
FETRIE B T A 3 e e, [RIAEAE PE s Rt )5 2 R
LB IX [FIRES | K T — 2 FR L (R A TG o)), i 2 il
THEH MR L) A E A

5 45 &

(1) VG 38 s 555 2 At i X IR ) A o 2 PP 3
47 (50.8+0.6) Ma )45 £1 U—-Pb I FIAE I , 5K
Hi DX 4t R A AR T AR — 3

(2)RELR AR A PR /R A OTB 7 A7 () ek
A AE SRS P L0 TR el s i ) 7=
S BN 1 2E WL 125 e ) B — ST A A
S BRI B R IR e SR BT B S A G

(3) X 7Rl b DXl T L O1B UM SR 25 11 11
T, 5 A A AT R [R) Bt U3 S A T A R 8 7R B
PRI AR A U 25 3 R T Vi S ) 3 — SR AE I TR
FEFEAE T H BRI

gt BN EE L LA Ko TERE T &
MAFREER L FRRELENHB Y, 3ELFH
RN X EHER, Al — IR TR,

http://geochina.cgs.gov.cn F1E M1 T, 2023, 50(6)



504 F ol

S VU T RS R A H DOV SR T B A1 U= P AR5 MU ER AP AR XEHTRHRIIN AR 7 87 B B0 7R 1813

References

Castillo P R, Janney P E, Solidum R U. 1999. Petrology and
geochemistry of Camiguin Island, southern Philippines: Insights to
the source of adakites and other lavas in a complex arc setting[J].
Contributions to Mineralogy and Petrology, 134(1): 33—51.

Chen Lanpu, Huang Zesen, Jiang Badoji, Dawa Ziren, Taer Jie. 2019.
Zircon U—Pb age and geochemical characteristics of igneous rocks
from the Dianzhong Formation in the Shengong area of Tibet[J].
Geological Bulletin of China, 38(7): 1127—1135 (in Chinese with
English abstract).

Chung S L, Lo, C H, Lee, T Y. 2003. Petrologic case for Eocene slab
breakoff during the Indo— Asian collision: Comment[J]. Geology,
31:7-8.

Chung SL, Chu M F, Zhang Y Q, Xie Y W,LoCH, Lee TY, Lan C Y,
Li X H, Zhang Q, Wang Y Z. 2005. Tibetan tectonic evolution
inferred from spatial and temporal variations in post— collisional
magmatism[J]. Earth—Science Reviews, 68(3/4): 173—196.

Chung S, Chu M F, Ji J, Oreilly S'Y, Pearson N J, Liu D, Lee T, Lo C.
2009. The nature and timing of crustal thickening in Southern
Tibet: Geochemical and zircon Hf isotopic constraints from
postcollisional adakites[J]. Tectonophysics, 477(1): 36—48.

Davies J H, von Blanckenburg F. 1995. Slab breakoff: A model of
lithosphere detachment and its test in the magmatism and
deformation of collisional orogens[J]. Earth and Planetary Science
Letters, 129: 85—102.

Dewey J F, Cande S, Pitman W C. 1989. Tectonic evolution of the
India— Eurasia collision zone[J]. Eclogae Geologicae Helvetiae, 82
(3): 717-734.

Dong G C, Mo X X, Zhao Z D, Wang L L, Chen T. 2005.
Geochronologic constraints on the magmatic underplating of the
Gangdise belt in the India—Eurasia collision: Evidence of SHRIMP
II zircon U—Pb dating[J]. Acta Geologica Sinica (English Edition),
79: 787-794.

D'Orazio M, Agostini S, Innocenti F, Haller M J, Manetti P, Mazzarini
F. 2001. Slab window— related magmatism from southernmost
South America: The Late Miocene mafic volcanics from the
Estancia Glencross Area (—52 S, Argentina—Chile)[J]. Lithos, 57(2/
3): 67-89.

Espinoza F, Morata D, Pelleter E, Maury R C, Sudrez M, Lagabrielle
Y, Mireille Polvé M, Bellon H, Cotton J, la Cruzc R, Guivel C.
2005. Petrogenesis of the Eocene and Mio— Pliocene alkaline
basaltic magmatism in Meseta Chile Chico, southern Patagonia,
Chile: Evidence for the participation of two slab windows[J].
Lithos, 82(3): 315—343.

Ferrari L, Petrone C M, Francalanci L. 2001. Generation of oceanic—
island basalt— type volcanism in the western Trans— Mexican
volcanic belt by slab rollback, asthenosphere infiltration, and
variable flux melting[J]. Geology, 29: 507—510.

Frey F A, Weis D, Borisova A Y U, Xu G. 2002. Involvement of
continental crust in the formation of the Cretaceous Kerguelen
Plateau: New perspectives from ODP Leg 120 sites[J]. Journal of
Petrology, 43: 1207—1239.

Fu Wenchun, Kang Zhiqgiang, Pan Huibin. 2014. Geochemistry, zircon
U—Pb age and implications of the Linzizong Group volcanic rocks
in Shiquan River area, western Gangdise belt, Tibet[J]. Geological
Bulletin of China, 33(6): 850— 859 (in Chinese with English
abstract).

Garzanti E, Baud A, Mascle G. 1987. Sedimentary record of the
northward flight of India and its collision with Eurasia (Ladakh
Himalaya, India)[J]. Geodinamica Acta (Paris), 1(4/5): 297-312.

Gorring M, Singer B, Gowers J, Kay S M. 2003. Plio— Pleistocene
basalts from the Meseta del Lago Buenos Aires, Argentina:
Evidence for asthenosphere— lithosphere interactions during slab
window magmatism[J]. Chemical Geology, 193(3): 215-235.

Hawkesworth C, Schersten A. 2007. Mantle plumes and
geochemistry[J]. Chemical Geology, 241: 319—331.

Hole M J, Rogers G, Saunders A D, Storey M. 1991. Relation between
alkalic volcanism and slab—window formation[J]. Geology, 19(6):
657-660.

Hou Zenggian, Mo Xuanxue, Yang Zhiming, Wang Anjian, Pan
Guitang, Qu Xiaoming, Nie Fengjun. 2006. Metallogeneses in the
collisional orogen of the Qinghai— Tibet Plateau: Tectonic setting,
tempo— spatial distribution and ore deposit types[J]. Geology in
China, 33(2): 340—351 (in Chinese with English abstract).

Hu X, Garzanti E, Wang J, Huang W, An W, Webb A. 2016. The timing
of India— Asia collision onset— Facts, theories, controversies[J].
Earth—Science Reviews, 160: 264—299.

Huang F, Xu J H, Zeng Y C, Chen J L, Wang B D, Yu H X, Chen L,
Huang W L, Tan R Y. 2017. Slab breakoff of the Neo— Tethys
Ocean in the Lhasa terrane inferred from contemporaneous melting
of the mantle and crust[J]. Geochemistry, Geophysics, Geosystems,
18(11): 4074—4095.

Huo Hailong, Chen Zhengle, Chen Guimin, Zhang Qing, Han Fengbin,
Zhang Wengan. 2019. The U—Pb geochronology and geochemical
characteristics of the Saergan mafic rocks in the Keping area,
southwest Tianshan, China[J]. Journal of Geomechanics, 25(S1):
60—65 (in Chinese with English abstract).

JiwQ,WuFY, Chung S L, Li J X, Liu C Z. 2009. Zircon U-Pb
geochronology and Hf isotopic constraints on petrogenesis of the
Gangdese Batholith, southern Tibet[J]. Chemical Geology, 262:
229-245.

JiwQ,WuFY,Chung SL, Wang X C, LiuC Z,Li Q L, Liu Z C, Liu
X C, Wang J G. 2016. Eocene Neo— Tethyan slab breakoff
constrained by 45 Ma oceanic island basalt— type magmatism in
southern Tibet[J]. Geology, 44: 283—286.

Jin'Y, McNutt M K, Zhu Y S. 1996. Mapping the descent of Indian and

Eurasian plates beneath the Tibetan Plateau from gravity

http://geochina.cgs.gov.cn H1[E 1T, 2023, 50(6)



1814 h &

b, J 2023 4F

anomalies[J]. Journal of Geophysical Research: Solid Earth, 101
(B5): 11275-11290.

Kapp P, DeCelles P G, Gehrels G E, Heizler M, Ding L. 2007.
Geological records of the Lhasa— Qiangtang and Indo— Asian
collisions in the Nima area of central Tibet[J]. Geological Society
of America Bulletin, 119: 917-932.

Li S, Guilmette C, Yin C, Ding L, Zhang J, Wang H, Baral U. 2019.
Timing and mechanism of Bangong— Nujiang ophiolite
emplacement in the Gerze area of central Tibet[J]. Gondwana
Research, 71: 179—193.

Liu Y, Wang M, Li C, Li S, Xie C, Zeng X, Dong Y, Liu J. 2019. Late
Cretaceous tectono— magmatic activity in the Nize region, central
Tibet: Evidence for lithospheric delamination beneath the
Qiangtang— Lhasa collision zone[J]. International Geology Review,
61(5): 562—583.

Ma A, Hu X, Garzanti E, Han Z, Lai W. 2017. Sedimentary and
tectonic evolution of the southern Qiangtang basin: Implications
for the Lhasa— Qiangtang collision timing[J]. Journal of
Geophysical Research: Solid Earth, 122(7): 4790—4813.

Meng Yuanku, Xu Zhiqin, Chen Xijie, Ma Xuanxu, He Zhenyu, Zhang
Xuesong. 2015. Zircon geochronology and Hf isotopic composition
of Eocene granite batholith from Xaitongmoin in Middle Gangdise
and its geological significance[J]. Geotectonica et Metallogenia, 39
(5): 933—948 (in Chinese with English abstract).

Meng Yuanku, Xu Zhiqin, Gao Cunshan, Xu Yang, Li Rihui. 2018. The
identification of the Eocene magmatism and tectonic significance
in the middle Gangdese magmatic belt, southern Tibet[J]. Acta
Petrologica Sinica, 34(3): 513— 546 (in Chinese with English
abstract).

Meschede M. 1986. A method of discriminating between different
types of mid—ocean ridge basalts and continental tholeiites with the
Nb—Zr—Y diagram[J]. Chemical Geology, 56: 207—218.

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

Mullen E D. 1983. MnO— TiO,— P,Os: A minor element discriminant
for basaltic rocks of oceanic environments and its implications for
petrogenesis[J]. Earth and Planetary Science Letters, 62: 53—62.

Pan Guitang, Mo Xuanxue, Hou Zenggian, Zhu Dacheng, Wang
liquen, Li Guangming, Liao Zhongli. 2006. Spatial— temporal
framework of the Gangdese Orogenic Belt and its evolution[J].
Acta Petrologica Sinica, 22(3): 521—533 (in Chinese with English
abstract).

Pan G T, Wang L Q, Li R S, Yuan S H, Ji, W H, Yin F G, Zhang W P,
Wang B D. 2012. Tectonic evolution of the Qinghai— Tibet
Plateau[J]. Journal of Asian Earth Sciences, 53: 3—14.

Pearce J A, Norry M J. 1979. Petrogenetic implications of Ti, Zr, Y and
Nb variations in volcanic rocks[J]. Contributions to Mineralogy
and Petrology, 69: 33—47.

Pearce J A. 1996. A User's Guide to Basalt Discrimination
Diagrams[C]//Wyman D A(ed.). Trace Element Geochemistry of
Volcanic Rocks: Applications for Massive Sulphide Exploration,
12. Geological Association of Canada, Short Course Notes. 79—113.

Raterman N S, Robinson A C, Cowgill E S. 2014. Structure and
detrital zircon geochronology of the Domar fold— thrust belt:
Evidence of pre— Cenozoic crustal thickening of the western
Tibetan Plateau[J]. Geological Society of America, Special Paper,
507: 89-114.

Ren Jishun, Zhao Lei, Li Chong, Zhu Junbin, Xiao Liwei. 2017.
Thinking on Chinese tectonics——Duty and responsibility of
Chinese geologists[J]. Geology in China, 44(1): 33—43 (in Chinese
with English abstract).

Rudnick R L, Fountain D M. 1995. Nature and composition of the
continental crust: A lower crustal perspective[J]. Reviews of
Geophysics, 33(3): 267—309.

Rudnick R L, Gao S. 2003. Composition of the continental crust[J].
Treatise on Geochemistry, 3: 1-64.

Schirer U, Xu R H, Allegre C J. 1984. U- Pb geochronology of
Gangdese (Transhimalaya) plutonism in the Lhasa—Xigaze region,
Tibet[J]. Earth and Planetary Science Letters, 69(2): 311—320.

Searle M P, Windley B F, Coward M P, Cooper D J W, Rex A J, Rex D,
Kumar S. 1987. The closing of Tethys and the tectonics of the
Himalaya[J]. Geological Society of America Bulletin, 98(6): 678—
701.

Shervais J. 1982. Ti— V plots and the petrogenesis of modern and
ophiolitic lavas[J]. Earth and Planetary Science Letters, 59: 101—
118.

Sklyarov E V, Gladkochub D P, Mazukabzov A M, Menshagin Y V,
Pisarevsky S A. 2003. Neoproterozoic mafic dike swarms of the
sharyzhalgai metamorphic massif, southern Siberian craton[J].
Precambrian Research, 122(1): 359-376.

Sun S S, McDonough W F. 1989. Chemical and isotopic systematics of
oceanic basalts: Implications for mantle compositions and
processes[J]. Geological Society, London, Special Publications, 42:
313-345.

van Hunen J, Allen M B. 2011. Continental collision and slab break—
off: A comparison of 3—D numerical models with observations[J].
Earth and Planetary Science Letters, 302: 27—-37.

Wang Bin, Xie Chaoming, Dong Yongsheng, Song Yuhang, Duan
Menglong. 2022. Geochemical characteristics of ultramafic rocks
in Sumdo area, Tibet and its enlightenment for the evolution of the
Sumdo Paleo— Tethys Ocean[J]. Geological Bulletin of China, 41
(7): 1144—1154 (in Chinese with English abstract).

Wang Xuhui, Lang Xinghai, Deng Yulin, Xie Fuwei, Lou Yuming,
Zhang He, Yang Zongyao. 2019. Eocene diabase dikes in the
Tangbai area, southern margin of Lhasa terrane, Tibet: Evidence for
the slab break—off of the Neo—Tethys Ocean[J]. Geology in China,
46(6): 1336—1355 (in Chinese with English abstract).

http://geochina.cgs.gov.cn H1[EHLET, 2023, 50(6)



504 F ol

S VU T RS R A H DOV SR T B A1 U= P AR5 MU ER AP AR XEHTRHRIIN AR 7 87 B B0 7R 1815

Wei Yongfeng, Xiao Yuanfu, Luo Wei, Deng Zejin, Zhao Zhigiang, Lin
Meiying. 2018. The chronology, geochemistry and geological
significance of Early Eocene A— type granite in Zhagaerlejian,
Gaize, Tibet[J]. Xinjiang Geology, 36(1): 51—59 (in Chinese with
English abstract).

Wen D R, Liu DY, Chung S L, Chu M F, Ji J Q, Zhang Q, Song B, Lee
TY, Yeh M W, Lo C H. 2008. Zircon SHRIMP U—Pb ages of the
Gangdese Batholith and implications for Neo— tethyan subduction
in southern Tibet[J]. Chemical Geology, 252(3/4): 191-201.

Wu H, Li C, Chen J W, Xie C M. 2016. Late Triassic tectonic
framework and evolution of central Qiangtang, Tibet, SW Chinal[J].
Lithosphere, 8: 141-149.

Wu H, Qiangba Z, Li C, Wang Q, Gesang W, Ciren O, Basang D.
2018. Geochronology and geochemistry of Early Cretaceous
granitic rocks in the Donggiao area, Central Tibet: Implications for
magmatic origin and geological evolution[J]. The Journal of
Geology, 126(2): 249—260.

Wu H, Sun S L, Liu HY, Chu H, Ding W. 2019a. An Early Cretaceous
slab window beneath central Tibet, SW China: Evidence from
OIB-like alkaline gabbro in the Duolong area[J]. Terra Nova, 31
(1): 67-75.

Wu H, Chen J W, Wang Q, Yu Y P. 2019b. Spatial and temporal
variations in the geochemistry of Cretaceous high— St/Y rocks in
central Tibet[J]. American Journal of Science, 319(2): 105—121.

Wu Hao, Lin Zhaoxu, Jiang Ziqi, Wang Chonghao, Zheng Xin, Yang
Rui. 2022. Zircon U—Pb ages and geochemical characteristics of
basalts in Zhongcang area, central Tibet: Constraints on the
evolution of Shiquan River— Namu Co back— arc basin[J].
Geological Bulletin of China, 41(10): 1728—1739 (in Chinese with
English abstract).

Xu Zhiqin, Yang Jingsui, Li Haibing, Ji Shaocheng, Zhang Zeming,
Liu Yan. 2011. On the Tectonics of the India— Asia Collision[J].
Acta Geologica Sinica, 85(1): 1-33 (in Chinese with English abstract).

Xu Zhiqgin, Yang jingsui, Hou Zengqian, Zhang Zeming, Zeng
Lingsen, Li Haibing, Zhang Jianxin, Li Zhonghai, Ma Xuxuan.
2016. The progress in the study of continental dynamics of the
Tibetan Plateau[J]. Geology in China, 43(1): 1—42 (in Chinese with
English abstract).

Yin A, Harrison T M. 2000. Geologic evolution of the Himalayan—
Tibetan orogen[J]. Annual Review of Earth and Planetary Sciences,
28:211-280.

Yu Shimian, Ma Xudong, Hu Yanchun, Chen Wei, Liu Qingping, Song
Yang, Tang Jiixing. 2022. Post— subdution evolution of the
Northern Lhasa Terrane, Tibet: Constraints from geochemical
anomalies, chronology and petrogeochemistry[J]. China Geology,
5:84-95.

Yue Yahui, Ding Lin. 2006. “Ar/”Ar Geochronology, geochemical
characteristics and genesis of the Linzhuou basic dikes, Tibet[J].
Acta Petrologica Sinica, 22(4): 855—866 (in Chinese with English

abstract).

Zhang Yaoling, Shen Yanxu, Wu Zhenhan, Zhao Zhen. 2018. Zircon
U—Pb ages of magmatic rocks from Meisu formation in Gerze area
in Tibet and its geological significance[J]. Journal of
Geomechanics, 24(1): 128—136 (in Chinese with English abstract).

Zhao Yayun, Liu Xiaofeng, Yang Chunsi, Zhang Xiaogiang, Liu
Yuanchao, Zheng Changyun, Gong Fuzhi, Hua Kang. 2022.
Recongnition of A—type granite and its implication for magmatism
and mineralization in Tangge skarn—type Cu—polymetallic deposit,
Tibet[J]. Geology in China, 49(2): 496— 517 (in Chinese with
English abstract).

Zhao Zhidan, Mo Xuanxue, Nomade S, Renne P R, Zhou Su, Dong
Guocheng, Wang Liangliang, Zhu Dicheng, Liao Zhongli. 2006.
Post— collisional ultrapotassic rocks in Lhasa Block, Tibetan
Plateau: Spatial and temporal distribution and its implications[J].
Acta Petrologica Sinica, 22(4): 787—794 (in Chinese with English
abstract).

Zhu D C, Zhao Z D, Niu Y, Mo X X, Chung S L, Hou Z Q. 2011. The
Lhasa Terrane: Record of a microcontinent and its histories of drift
and growth[J]. Earth and Planetary Science Letters, 301: 241-255.

Zhu D C, Wang Q, Zhao Z D, Chung S L, Cawood P A, Niu Y, Liu S
A, Wu F Y, Mo X X. 2015. Magmatic record of India— Asia
collision[J]. Scientific Reports, 5: 17236.

Zhu D C, Li S M, Cawood P A, Wang Q, Zhao Z D, Liu S A, Wang L
Q. 2016. Assembly of the Lhasa and Qiangtang terranes in central
Tibet by divergent double subduction[J]. Lithos, 245: 7—17.

Zhu D C, Wang Q, Chung S L, Cawood P A, Zhao Z D. 2018.
Gangdese magmatism in southern Tibet and India— Asia
convergence since 120 Ma[J]. Geological Society, London, Special
Publications, 483: SP483.14.

Zhu Dicheng, Wang Qing, Zhao Zhidan. 2017. Constraining
quantitatively the timing and process of continent— continent
collision using magmatic record: Method and examples[J]. Science
China (Earth Sciences), 47(6): 657—673 (in Chinese with English

abstract).
Bt Fp 325 5 Sk

PR2EAN, BEEEAR, VL2, SR TURAT, SE/RAS . 2019, PUETRA H IX.
i 2 KB B AT U—Pb 4RI B MR (255 A (). Hb G R, 38
(7): 1127-1135.

)30, HERRHR, WA . 2014, PUTHR X RS Hir it PG B0l S5 707 4 X AR T
SEREACL EH R AL AR AT 5 A7 U—Pb AR IS b I 3 X [J).
R, 33(6): 850—859.

ESE, DO 2, R, e, RS, Mher, ZERUA. 2006. 75
S o Dl AR e L T P« R 2 T S B A o A R R
A7), TP ML, 33(2): 340-351.

IR, WRIE SR, MR R, o, B RUWE, Tk 30 . 2019. FERE R I
Hi DX 7R T BE A K U—Pb AF AR S MR AL 2= RRAE [T]. b 5T 2%
4R, 25(S1): 60-65.

http://geochina.cgs.gov.cn H1[E 1T, 2023, 50(6)



1816 i [

b, Ji 2023 4F

W ICPE, VERREE, BRAY, S, MR, SRS A . 2015, 5 IXICHT
rf BLIAE [T AT R U AR B G U—Pb ARAR 2 HE [R5 2 AIE
R b T3 ST MG 15 55 B2, 39(5): 933-948.

SICHE, VPAESE, WAL, R4, 25 HHE. 2018, RS XA 2% h
BT A A 0 5 B R A 38 7 L[] A A 2R, 34
(3): 513-546.

TEE A% 2011, A A 5 e S A [, v AR b T A A, 17(3):
351-367.

WREESE, SUE A, HSTE R, Tor 4, 2565, BUEAL. 2006. K
T I LT R 25 4548 S A T]. A 24, 22(3): 521-533.
FR205%, B F, 258, RERE, HAGL. 2017 v B KA wF 5T 2 18

F—— P E SR R A TR S Y ], LT, 44(1): 33-43.

TR, A, A, R, B TR . 2022 VUGN 2 Hh X S
FrHbERTEAF AR KOG P 22 R A AR 1 JE 7R (0] BT 4R,
41(7): 11441154

O, B DGIE, XBAETR, B R, 25 W1, 5Kk, A5 2019, P4
FrB AR TG 237 1 b XA B W Tk —— W Rr B e s b 5
POTESE[I]. I HB T, 46(6): 1336—1355.

Bk, MUK, 28R, XOEEH, X, MRSETE. 2018, PY O HLIE
SRENIR IR H A TRAE B 5 AR Bk A2 MO B3 (D). 8
SIS, 36(1): 51-59.

S, MRIRNR, 22005, T4, FBEE, A . 2022, VU H X
LA E O U—Pb A 5 A0 M BRI “E R AR X0 SR T - A AR A
UG AR AL R I 29 [0]. Hb BTz, 41(10): 1728—1739.

VR, MZ sk, 285, TR, SKEEI, X064 . 2011, BN RE— SV Al
KA [T]. Mo 2E4H, 85(1): 1-33.

VR B, B, Esiilf, ki, w4 4%, 2500, JREEHT, 242 1,
25 . 2016, 750 5K Bl 2 ) A 58 T e (0] Hh T,
43(1): 1-42.

TEHERE, TAK. 2006, PUFUM R B PR K “Ar/ A AR HhER 1L
RFRHT]. A AT, 22(4): 855-866.

RS, WS, R, B . 2018, PUM I Hb X 25 05 2 A s
A U—Po Al Jo b5 72 L. SR )24 24317, 24(1): 128—136.

Bz, X1 U, A7 4 DU, 5K/, X B8, 45 =, 284 AR, AR R
2022. PG RSG5 5 A U 2 4SBT IR A BUAE B A 1R TR B
XA B BFR /R [T]. R, 49(2): 496-517.

X PF, BUE 4, Nomade S, Renne P R, JEH, % H F, T5258, Ko
S, BERAL . 2006. TG R IR 5 Hb BRI TR AR T I s
O3 BICTE ST A, 22(4): 787794,

R, EFF, RS T. 2017, 550 E i B i — ety il A3 A [ g
W7 ANSEBI[T]. rhERE Bk RLE, 47(6): 657-673.

http://geochina.cgs.gov.cn F1E M1 T, 2023, 50(6)



