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Mixing of Early Jurassic crustal and mantle-derived magmas induced by subduction
of the Neo-Tethyan Ocean: Evidence from the Dongga dioritic pluton, South Tibet
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Abstract: The geochemical composition of bulk continental crust is dioritic and therefore the petrogenesis of
diorite is key to understanding the formation of continental crust. The Gangdese batholith in southern Tibet is
dominated by dioritic rocks. However, previous studies mostly focused on the petrogenesis of mafic and felsic
rocks instead of diorites. Thus, we carry out researches on the Dongga dioritic pluton in the central Gangdese
batholith in order to decipher the petrogenesis of Gangdese diorite and its relationship with crustal growth. Zircon
U-Pb dating reveals that the Dongga diorites were crystallized at (176.5+1.2) Ma. The abundant (191.3+1.2) Ma
inherited zircons in the dated sample imply that crustal materials were involved in the magma source. These
diorites have relatively high Mg* values, depleted (®’Sr/®Sr); ratios (0.703570 — 0.703595), eng(t) values (+6.1 —
+6.5) and zircon eys(t) values (+12.0 — +14.7), and relatively high *’Sm/*Nd ratios, thereby indicating
non-negligible mantle contributions. In petrography, acicular apatite crystals surrounding mafic clots in the
Dongga diorites, together with the abundant mafic enclaves in the neighbouring coeval pluton, imply a magma
mixing origin for the diorites. The geochemical simulation of the magma mixing also confirms that the Dongga
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diorites were formed by mixing of crustal and mantle-derived magmas. In addition, the petrogenesis of magma mixing
supports vertical continental crustal growth during the subduction of the Neo-Tethyan Ocean at the Early Jurassic.

Key words: Gangdese batholith; diorite; magma mixing; crustal growth; Tibetan plateau
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Fig.1 Tectonic framework of the Tibetan Plateau (a, after reference [9]), geological map of the Lhasa Block (b, after references [9-10])
and the Dongga area (c, sample ages after references [11-14])
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JSSZ-Jinsha suture belt; BNSZ-Bangong-Nujiang suture belt; SNMZ-Shiquan River-Nam Tso mélange belt; LMF-Luobadui-Milashan fault;
IYTSZ-Indus-Yarlung Tsangpo suture belt.
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Fig.2  Out crop of the Dongga dioritic pluton (a); Mineral components and mafic clots in the Dongga diorite (b); mafic clots consisting of amphiboles in the
Dongga diorite (c); acicular apatite near the mafic clots in the Dongga diorite (d, e); andstubby apatite far from the mafic clots in the Dongga diorite (f)
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Table 1 Major (%) and trace element (ug/g) concentrations and whole-rock Sr-Nd isotopic compositions for the Dongga diorites
1I5NML76 15NML77 15NML78 15NML79  15NML8O 15NML76 15NML77 15NML78 15NML79  15NML8O
Si0, 60.79 61.03 61.74 61.69 61.83 Sm 3.26 2.71 2.18 2.19 2.41
TiO, 0.69 0.64 0.61 0.62 0.64 Eu 1.04 0.93 0.75 0.76 0.92
Al,0; 16.74 16.79 17.37 16.72 15.49 Gd 3.45 2.91 2.08 2.12 2.63
TFe,03 6.52 6.23 5.24 5.73 6.30 Tb 0.55 0.45 0.32 0.32 0.41
MnO 0.14 0.11 0.1 0.12 0.16 Dy 3.55 2.94 2.04 2.04 2.68
MgO 2.44 2.21 1.74 2.04 2.48 Ho 0.76 0.63 0.42 0.42 0.56
Ca0 5.8 5.3 5.29 5.47 6.61 Er 2.22 1.82 1.22 1.22 1.66
Na,O 3.72 4.05 3.91 3.85 3.48 Tm 0.34 0.28 0.19 0.19 0.25
K,0 1.17 1.2 0.95 1.08 0.88 Yb 2.26 1.91 1.3 1.32 1.67
P,0s 0.15 0.14 0.14 0.14 0.13 Lu 0.35 0.3 0.2 0.2 0.26
LOI 1.36 1.6 2.35 2.08 1.92 Hf 3.13 3.19 2.68 2.74 2.37
Total 99.53 99.31 99.45 99.55 99.91 Ta 0.54 0.37 0.41 0.37 0.3
Mg* 0.43 0.41 0.4 0.41 0.44 Pb 6.03 6.69 5.93 5.99 6.19
Co 14.9 12.2 11.2 11 12.2 Th 2.64 2.22 2.12 2.36 1.78
Ni 6.56 8.3 5.23 5.3 6.89 U 0.84 0.83 0.77 0.77 0.63
Rb 26.1 28.1 20.5 20.7 18.6 YREE 78.86 66.07 55.36 56.55 58.84
Sr 402 381 374 372 385 (La/Yb)y 4.38 4.44 5.75 5.88 4.41
Y 22 18.7 11.4 11 16.9 JEu 0.95 1.01 1.08 1.07 1.12
Zr 122 122 102 104 89.8 8Rb/%Sr  0.70404 0.703946
Nb 6.73 5.59 5.63 5.42 4.79 26 0.00001 0.000011
Cs 3.39 3.93 3.43 3.34 5.07 (®"sr/*sr);  0.703570 0.703595
Ba 275 237 199 202 165 “Nd/M*Nd - 0.512878 0.512898
La 13.8 11.8 10.5 10.8 10.3 26 0.000008 0.000008
Ce 29 24.3 21.2 21.8 21.7 ena(t) 6.1 6.5
Pr 3.38 2.79 2.45 2.51 2.46 tom (Ma) 511 481
Nd 14.9 12.3 10.5 10.6 10.9 tom.c (Ma) 461 431
F2 FEBENKEHEA U-Pb EEHER
Table 2 Zircon U-Pb dating results of the Dongga diorites
(ng/g) (Ma)
Thiu
Th u 207ppy2BY 1o 26pp 238y 1o WTppABY 1o W6pp/2BY 1o
15NML75-01 69.3 127 055 0.19315 0.01561 0.02797 0.00053 179 13 178 3
15NML75-02 493 974 051 0.19216 0.01303 0.02815 0.0004 179 11 179 3
15NML75-03 90.6 158  0.57 0.19136 0.01303 0.02645 0.00043 178 11 168 3
15NML75-04 872 136  0.64 0.19427 0.01069 0.02725 0.00036 180 9 173 2
15NML75-05 579 122 048 0.18846 0.01125 0.02776 0.00037 175 10 177 2
15NML75-06 63.7 107  0.60 0.19047 0.011 0.02778 0.00036 177 9 177 2
15NML75-07 129 159  0.81 0.21008 0.01522 0.02977 0.0005 194 13 189 3
15NML75-08 96.0 143  0.67 0.1899 0.01312 0.02807 0.00045 177 11 179 3
15NML75-09 707 122 058 0.19154 0.00872 0.0271 0.0003 178 7 172 2
15NML75-10 523 942 056 0.20996 0.02076 0.03031 0.00066 194 17 193 4
15NML75-11 126 153 0.82 0.19158 0.01453 0.02626 0.00049 178 12 167 3
15NML75-12 639 919  0.69 0.19021 0.01401 0.02808 0.00043 177 12 179 3
15NML75-13 700 995  0.70 0.19084 0.02016 0.02746 0.00066 177 17 175 4
615NML75-14 880 152  0.58 0.18938 0.01399 0.0276 0.00048 176 12 176 3
15NML75-15 440 808 0.54 0.19002 0.01732 0.02736 0.00054 177 15 174 3
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(85 2)
(ng/9) (Ma)
Thiu
Th U 207pp235y 16 206ppy 238 1o D7pp2ByY 1o Wpp23By 1o
15NML75-16 642 107  0.60 0.18954 0.01579 0.02776 0.00051 176 14 177 3
15NML75-17 309 689 045 0.21007 0.02421 0.03023 0.00078 194 20 192 5
15NML75-18 754 109  0.69 0.21058 0.02257 0.03013 0.00073 194 19 191 5
15NML75-19 588 110  0.54 0.19048 0.0112 0.02797 0.00037 177 10 178 2
15NML75-20 877 123 071 0.21246 0.01765 0.02993 0.00058 196 15 190 4
15NML75-21 735 116  0.63 0.19074 0.01163 0.02795 0.00039 177 10 178 2
15NML75-22 80.8 120  0.67 0.19004 0.01229 0.02794 0.00039 177 11 178 2
15NML75-23 67.4 125  0.54 0.19067 0.01149 0.02792 0.0004 177 10 178 3
15NML75-24 883 150  0.59 0.19091 0.01048 0.02816 0.00037 177 9 179 2
15NML75-25 531 103 051 0.21048 0.01877 0.03064 0.0006 194 16 195 4
#z3 FENKEH#HA LUHf RESTER
Table 3  Analytical results of zircon Lu-Hf isotopic compositions of the Dongga diorites
Age (Ma) YOLu/ATTHE  MOHEATHE 26 (FCHF/TTH); eni(t) tom (Ma) tom.c (Ma)
15NML75-01 177.8 0.001737 0.283013 0.000015 0.283007 +12.2 346 440
15NML75-02 178.9 0.001247 0.283067 0.000017 0.283063 +14.2 263 312
15NML75-03 168.3 0.001435 0.283057 0.000018 0.283052 +13.6 280 343
15NML75-04 173.3 0.001621 0.283024 0.000016 0.283018 +12.5 329 417
15NML75-05 176.5 0.001199 0.283043 0.000016 0.283039 +13.3 297 368
15NML75-06 176.6 0.001426 0.283039 0.000015 0.283034 +13.2 305 379
15NML75-07 189.1 0.001820 0.283074 0.000017 0.283068 +14.6 257 295
15NML75-08 1785 0.001606 0.283046 0.000015 0.283041 +13.4 296 363
15NML75-09 172.4 0.001666 0.283010 0.000017 0.283005 +12.0 349 448
15NML75-10 192.5 0.001198 0.283064 0.000015 0.283059 +14.4 268 312
15NML75-11 167.1 0.001268 0.283031 0.000016 0.283027 +12.7 315 401
15NML75-12 178.5 0.001245 0.283032 0.000018 0.283028 +13.0 314 392
15NML75-13 174.6 0.001010 0.283027 0.000016 0.283024 +12.8 318 403
15NML75-14 1755 0.001521 0.283035 0.000014 0.283030 +13.0 312 390
15NML75-15 174.0 0.001660 0.283075 0.000017 0.283070 +14.4 255 300
15NML75-16 176.5 0.001003 0.283081 0.000013 0.283078 +14.7 242 281
15NML75-17 192.0 0.001332 0.283020 0.000018 0.283015 +12.8 332 413
15NML75-18 191.3 0.001225 0.283058 0.000015 0.283053 +14.2 277 326
15NML75-19 177.8 0.000772 0.283054 0.000014 0.283052 +13.8 278 339
15NML75-20 190.1 0.001358 0.283039 0.000015 0.283034 +13.4 305 371
15NML75-21 177.7 0.001370 0.283035 0.000014 0.283031 +13.1 310 386
, Cs U K , 0.703946~0.704040
Pb Sr , Nb Ta Ti 0.512878~0.512898 (®"Sr/®sr);
0.703570~0.703595, eng(t) +6.1~+6.5,
(XRX-3) tom 481~511 Ma,
( 5a, 5b) tomc  431~461 Ma
3.3 Sr-Nd 147Sm/144Nd ,
Sr-Nd 11.14]
Sr Nd ( 1)  ¥ssr NdMNd  ( 6a)
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Fig.5 Chondrite-normalized REE patterns and primitive mantle-normalized trace element spider diagrams for the Dongga diorite
(chondrite and primitive mantle values are from reference [54], synthesized data from references [11-14])
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