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Geochemical characteristics of Early Cretaceous magmatic rocks in the northwestern
part of the Lhasa Block and indications of early crustal growth of the southern plateau
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Abstract: It is generally believed that the double-thick crust of Tibet resulted from collision of the Indian and
Eurasian continents and underplating of mafic magma from the mantle. Mesozoic and Cenozoic igneous rocks
(especially from the early Cretaceous), are widely distributed in the southern part of the Tibetan Plateau. The
geochemical characteristics of the Early Cretaceous (106—-105 Ma) Risum granodiorites and related diorite
enclaves, indicate that they resulted from mixing of the crust-mantle magma in the northwestern (NW) Lhasa
terrane. The above results, combined with those from previous research on the Cretaceous intermediate-acid
magmatic rocks in the NW Lhasa terrane, indicate that the crustal thickness in the studied region increased from

the early to late Cretaceous (based on the whole-rock trace element ratio, for example, of (La/Yb)y). In particular,
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this shows that there was an obviously thickened crust in the study area during the early Cretaceous. Combined

with the characteristics of regional tectonic evolution, the thickened crust of the NW Lhasa terrane was related to

underplating by mafic magmas in the early Cretaceous and then collision of the Qiangtang and Lhasa terranes in

the late Cretaceous.
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Fig.1

Geological map of the Lhasa Block
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(a) Simplified geological map showing the time-space distributions of the Cretaceous magmatic rocks in the Lhasa block (after reference [8]); (b)
schematic geological map showing the tectonic framework of the Tibetan Plateau (after references [9]); (c) geological map of Risum (after references
[10]). JSSZ-Jinsha suture zone; BNSZ-Bangong-Nujiang suture zone; SNMZ-Shiquan River-Nam Tso M¢élange zone; LMF-Luobadui-Milashan Fault;

1YZSZ—-Indus-Yarlung Tsangpo suture zone
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Fig.2 Representative photographs in polarizing microscope of Early Cretaceous granodiorites and related diorite enclaves in Risum
(@)~ AR N, ()~(h) RN KB IK; (a). (b)FN()al W2 FIERDRES A AHE A BRI 545 (o)« (e)FI(h) i P IEI ZEAREE K ; (d) . (e)Fil(g)
NERBEIR AT o Qtz—A 3 KEHK AT PI-RHE AT Bi-2R =8k Hbl-A N 415 Ap—BE K A1
(a)—(d) are granodiorites, (e)—(h) are dioritic enclaves; (a), (b) and (g) are subhedral granular texture and zoned texture of plagioclase; (c), (e) and (h)
are metasomatic texture; (d), (e) and (g) are acicular apatite. Qtz—quartz, Kf-K-feldspar, Pl-plagioclase, Bi-biotite, Hbl-hornblende, Ap—apatite
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Fig.3 U-Pb concordia diagrams and representative cathodoluminescence images of analyzed zircon from Risum granodiorites
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Table 1 LA-ICP-MS U-Pb analysis data of zircons from the Risum granodiorites
- TETH (ng/g) U [i 32 3% LA Fi (Ma) WA
WA
Pb Th U 2pb/PU lo 0%pb/ U lo PoPU 1o PBAPU o s
17RS5-1 9.40 142 381 0.37 0.10864 0.00466 0.01627 0.00022 104.7 43 104.0 1.4 99%
17RS5-2 3.37 66 148 0.45 0.10522 0.00636 0.01619 0.00030 101.6 5.8 103.5 1.9 98%
17RS5-3 7.32 165 412 0.40 0.10195 0.00440 0.01497 0.00027 98.6 4.1 95.8 1.7 97%
17RS5-4 16.2 309 603  0.51 0.14780 0.00699 0.01633 0.00024 140.0 6.2 104.4 1.5 70%
17RS5-5 5.94 120 316 038 0.10892 0.00520 0.01655 0.00028 105.0 4.8 105.8 1.8 99%
17RS5-6 8.17 167 429  0.39 0.10742 0.00366 0.01650 0.00021 103.6 3.4 105.5 1.3 98%
17RS5-7 7.83 161 394 041 0.10892 0.00443 0.01640 0.00021 105.0 4.1 104.9 1.3 99%
17RS5-8 104 241 490 0.49 0.11008 0.00425 0.01655 0.00022 106.0 3.9 105.8 1.4 99%
17RS5-9 11.0 207 446 0.46 0.11107 0.00404 0.01630 0.00022 106.9 3.7 104.2 1.4 97%
17RS5-10  9.13 193 439 044 0.10427 0.00436 0.01528 0.00032 100.7 4.0 97.8 2.0 97%
17RS5-11 591 109 262 041 0.10773 0.00486 0.01633 0.00024 103.9 4.5 104.5 1.5 99%
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17RS5-12  11.01 187 425  0.44 0.13944  0.00636  0.01701  0.00022 132.5 5.7 108.8 14 80%
17RS5-13  13.1 250 489  0.51 0.10756  0.00356  0.01627  0.00021 103.7 3.3 104.1 13 99%
17RS5-14  8.69 158 376  0.42 0.10830  0.00358  0.01631  0.00021 104.4 3.3 104.3 13 99%
17RS5-15  5.02 101 250  0.40 0.12433  0.00701 0.01739  0.00045 119.0 6.3 111.1 29 93%
17RS5-16  7.17 181 356 0.1 0.10945  0.00436  0.01617  0.00022 105.5 4.0 103.4 14 98%
17RS5-17 574 113 289  0.39 0.12393  0.00474  0.01635  0.00029 118.6 43 104.5 19  87%
17RS5-18 523 121 263  0.46 0.10744  0.00471 0.01640  0.00026 103.6 43 104.8 1.7 98%
17RS5-19 869 195 429  0.45 0.11049  0.00410  0.01690  0.00026 106.4 3.7 108.0 1.6 98%
17RS5-20  7.53 170 386  0.44 0.11052  0.00434  0.01630  0.00026 106.4 4.0 104.2 1.6 97%
17RS5-21 844 185 423  0.44 0.10737  0.00339  0.01646  0.00027 103.6 3.1 105.3 1.7 98%
17RS5-22 939 226 467 048 0.11213 0.00413  0.01638  0.00021 107.9 3.8 104.8 13 97%
17RS5-23  7.11 129 343 038 0.12301 0.00570  0.01756  0.00024 117.8 52 112.2 1.5 95%
17RS5-24 671 138 354  0.39 0.11102 0.00430  0.01641  0.00022 106.9 3.9 104.9 14 98%
17RS5-25  6.07 123 333 037 0.10321 0.00392  0.01638  0.00024 99.7 3.6 104.7 15 95%
17RS6-01 639 140 328 043 0.11345 0.00468  0.01674  0.00022 109.1 43 107.0 14 98%
17RS6-02 585 131 297  0.44 0.10627  0.00460  0.01663  0.00022 102.5 42 106.3 14 96%
17RS6-03  8.47 203 425  0.48 0.10943  0.00420  0.01662  0.00022 105.4 3.8 106.3 14 99%
17RS6-04 856 199 375  0.53 0.12546  0.00507  0.01825  0.00027 120.0 4.6 116.6 1.7 97%
17RS6-05 820 151 398  0.38 0.12114  0.00380  0.01783  0.00021 116.1 3.4 113.9 13 98%
17RS6-06 696 152 363  0.42 0.11391 0.00419  0.01667  0.00022 109.5 3.8 106.5 14 97%
17RS6-07  7.80 178 401  0.44 0.10801 0.00401 0.01645  0.00020 104.1 3.7 105.2 13 99%
17RS6-08 642 124 312 0.40 0.11351 0.00531 0.01748  0.00025 109.2 438 111.7 1.6 97%
17RS6-09 635 133 331  0.40 0.11300  0.00443  0.01658  0.00022 108.7 4.0 106.0 14 97%
17RS6-10  6.80 153 346  0.44 0.10668  0.00417  0.01658  0.00026 102.9 3.8 106.0 1.6 97%
17RS6-11 674 146 348  0.42 0.11296  0.00387  0.01673  0.00024 108.7 3.5 106.9 1.5 98%
17RS6-12  6.98 162 353  0.46 0.11062  0.00419  0.01667  0.00020 106.5 3.8 106.6 13 99%
17RS6-13  6.07 126 320  0.39 0.10948  0.00404  0.01658  0.00020 105.5 3.7 106.0 13 99%
17RS6-14  7.88 201 378  0.53 0.11567  0.00427  0.01661  0.00027 111.1 3.9 106.2 1.7 95%
17RS6-15  6.80 151 353 043 0.11338  0.00422  0.01671  0.00026 109.1 3.8 106.8 1.6 97%
17RS6-16 631 136 339  0.40 0.10819  0.00401 0.01663  0.00025 104.3 3.7 106.3 1.6 98%
17RS6-17  6.01 130 309  0.42 0.11063 0.00451 0.01666  0.00027 106.5 4.1 106.5 1.7 99%
17RS6-18  7.13 150 357  0.42 0.11314  0.00445  0.01658  0.00022 108.8 4.1 106.0 14 97%
17RS6-19  7.01 151 364  0.41 0.11024  0.00396  0.01655  0.00020 106.2 3.6 105.8 13 99%
17RS6-20 103 277 509  0.54 0.11467  0.00371 0.01662  0.00021 110.2 3.4 106.3 13 96%
17RS6-21 631 133 333 0.40 0.10593  0.00445  0.01646  0.00022 102.2 4.1 105.3 14 97%
17RS6-22 859 183 430 043 0.12898  0.00539  0.01700  0.00027 123.2 438 108.6 17 87%
17RS6-23  7.62 156 371  0.42 0.12081 0.00466  0.01730  0.00024 115.8 42 110.6 15 95%
17RS6-24 637 139 342 041 0.11108 0.00453  0.01670  0.00026 107.0 4.1 106.8 1.7 99%
17RS6-25  6.61 139 335  0.42 0.11158 0.00500  0.01657  0.00026 107.0 4.6 106.8 14 98%
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Table 2 Variation in range and ratio of major elements content (%) of the intermediate-acid magmatic rocks and related dioritic enclaves in Risum

S S0, ALO;  Ca0  TFe,0; K0 NaO MgO MnO P05  TiO, Mg E;Oé A/CNK  A/NK
2
B 5933~ 1495~ 3.88~  2.88~ 223~ 232~ 205 004~ 005~ 054~ 519~ 086~ 076~  1.75~
w6684 1620 726 617 364 325 577 000 019 087 649 129 101 243
w5589~ 1689~ 577~ 636~ 177~ 330~ 363~ 010~ 009~ 081~ 525~ 047~ 076~ 194~
58.05 1726 778 678 2.60 379 461 016 018 100 578 079 089  2.24

T BORRVA KT IE B 5 )

x3 AMPAZHERETTE(%MNMETEMg)EN

Table 3 Major (%) and trace elements (ng/g) concentrations for the intermediate-acid magmatic rocks and related dioritic enclaves in Risum

5 17RS-1 17RS-3 17RS-4 17RS-5 17RS-6 17RSX-2 17RSX-3
ootk o N PN o
Si0, 65.86 64.65 65.20 65.88 63.45 57.42 57.30
ALO; 15.45 15.79 16.12 15.45 15.94 17.26 16.89
Ca0O 3.95 4.55 4.59 3.88 4.51 5.77 6.32
TFe,0; 3.96 435 2.88 3.80 4.77 6.50 6.63
K,0 3.42 2.69 3.57 3.55 3.13 2.52 2.60
Na,0 2.73 2.95 3.06 2.78 2.56 3.77 3.30
MgO 2.16 238 221 2.07 2.74 3.63 3.91
MnO 0.06 0.07 0.04 0.06 0.08 0.10 0.10
P,0s 0.11 0.11 0.11 0.10 0.13 0.17 0.15
TiO, 0.56 0.63 0.57 0.54 0.63 0.96 1.00
LOI 1.17 1.06 0.78 0.88 1.16 0.97 0.85
Total 99.43 99.15 99.13 99.00 99.10 99.07 99.05
Mg" 52.0 52.0 60.3 51.9 533 525 53.9
Fe®/(Fe* +Mg*") 0.48 0.48 0.40 0.48 0.47 0.47 0.46
Cr 403 50.0 43.8 415 64.9 349 50.6
Ni 18.1 20.8 203 17.8 28.0 25.4 233
Rb 159 145 124 161 160 171 183
Sr 196 208 269 192 218 173 198
Y 20.0 24.0 19.6 19.2 20.5 20.7 27.3
Zr 149 125 142 154 132 177 118
Nb 11.1 12.7 10.8 10.7 12.0 18.2 16.5
Ba 316 245 480 332 327 229 246
La 245 243 29.1 39.0 29.9 27.9 21.6
Ce 483 49.9 57.8 71.2 58.7 54.6 45.4
Pr 5.44 5.88 6.35 7.45 6.58 5.96 5.69
Nd 20.5 22.4 22.7 25.5 24.1 22.1 23.2
Sm 3.95 4.50 4.17 4.30 4.47 429 5.29
Eu 0.80 0.87 0.93 0.80 0.95 0.73 0.79
Gd 3.67 4.17 3.74 3.86 3.98 4.00 5.01
Tb 0.56 0.66 0.56 0.55 0.60 0.62 0.82
Dy 3.36 3.94 3.31 3.27 3.55 3.60 4.88
Ho 0.69 0.81 0.66 0.66 0.72 0.73 0.97
Er 1.96 234 1.94 1.90 2.08 2.07 2.71
Tm 0.30 0.36 0.29 0.28 0.32 0.31 0.40
Yb 1.94 234 1.86 1.83 2.11 2.10 2.48
Lu 0.30 0.35 0.28 0.28 0.32 0.33 0.38
Hf 432 3.73 4.00 4.38 3.94 4.85 3.47
Ta 0.90 1.26 0.82 0.82 1.04 1.34 1.20
Th 13.6 9.19 12.7 16.8 10.9 12.6 10.4
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k5 17RS-1 17RS-3 17RS-4 17RS-5 17RS-6 17RSX-2 17RSX-3
ot A6 R N ARSI ETREN

U 1.97 1.28 1.98 1.77 2.21 2.70 1.44
(La/Yb)y 9.07 7.45 11.2 15.3 10.2 9.55 6.25
OEu 0.63 0.60 0.70 0.59 0.67 0.53 0.46
Rb/Sr 0.81 0.70 0.46 0.84 0.73 0.99 0.92
Rb/Ba 0.50 0.59 0.26 0.48 0.49 0.75 0.74
Th/U 6.87 7.17 6.42 9.46 4.93 4.67 7.24
La/Ce 0.51 0.49 0.50 0.55 0.51 0.51 0.48
Nb/Ta 12.3 10.1 13.2 13.1 11.6 13.6 13.7

1 Mg’=100xMg>/(Mg> +TFe* ) (¥ JFi i 1t LL18), o(TFeO)=w(TFe,03)x0.8998, w(TFeO)=w(Fe0)+0.8998xm(Fe,05); A/CNK(5H il F148 $0)=
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Fig.4 Harker diagrams of the intermediate-acid magmatic rocks and related dioritic enclaves in Risum
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Fig.6 Chondrite-normalized REE patterns and primitive mantle-normalized trace element diagrams for the intermediate-acid magmatic rocks and
related dioritic enclaves in Risum (chondrite and primitive mantle values are from reference [30])
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