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ABSTRACT: The Quxu (#17K) complex is a typical intrusive among the Gangdese batholiths. Two sets
of samples collected from the Mianjiang (K#*¥f) and Niedang (34) villages in Quxu County, including
gabbro, mafic micro-enclaves (MME), and granodiorites in each set, were well dated in a previous
SHRIMP zircon U-Pb analysis (47-51 Ma). In this article, the same zircons of the 6 samples were ap-
plied for LA ICP-MS Hf isotopic analysis. The total of 6 samples yields ®Hf/*”’Hf ratio ranging from
0.282 921 to 0.283 159, corresponding to eye(z) values of 6.3-14.7. Their Hf depleted-mantle modal ages
(Tom) are in the range of 137-555 Ma, and the zircon Hf isotope crustal model ages (7om®) range from
178 to 718 Ma. The mantle-like high and positive &.(f) values in these samples suggest a mantle-
dominated input of the juvenile source regions from which the batholith originated. The large varia-
tions in ey(?) values, up to 5-¢ unit among zircons within a single rock and up to 15-g unit among zir-
cons from the 6 samples, further suggest the presence of a magma mixing event during the time of
magma generation. We suggest that the crustal end-member involved in the magma mixing is likely
from the ancient basement within the Lhasa terrane itself. The zircon Hf isotopic compositions further
suggest that magma mixing and magma underplating at about 50 Ma may have played an important
role in creating the crust of the southern Tibetan plateau.
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INTRODUCTION

The Gangdese batholith in the southern margin of
the Lhasa terrane, which is one of the largest intrusive
belts on earth, extending over 2 000 km east-west
along the India-Yarlung Zangbo suture zone, is gener-
ally accepted as the product of the Tethyan oceanic
subduction and subsequent India-Asia continental col-
lision. The magmatism started as early as the Late
Triassic, and ceased at ~10 Ma, recording long-lasting

crust-mantle interaction processes and therefore pro-
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viding an important opportunity for exploring the
timing and style of the crustal growth of the Asian
continent (Ji et al., 2009; Mo et al., 2008, 2007, 2005a,
b; Wen et al., 2008; Chu et al., 2006; Chung et al.,
2005, 2003; Dong et al., 2005; Hou et al., 2004).

Based on our previous detailed field geological
mapping and SHRIMP zircon U-Pb dating on part of
the Quxu granitoid complex close to Lhasa, abundant
mafic micro-enclaves (MME) and gabbros are recog-
nized within the host granitoid and are involved as the
mafic end-member during the magma mixing events
that peaked at ~50 Ma (Dong et al., 2005; Mo et al.,
2005a). Such peak magmatism at ~50 Ma was re-
cently confirmed by 25 SHRIMP zircon U-Pb ages
sampled along ~800 km length of the Gangdese
batholiths (including gabbro, gabbroic enclave, diorite,
granodiorite, and granite) from Dajia Co in the west to
Bomi in the east (Wen et al., 2008). These authors re-
ferred to this peak magmatism as the magmatic
“flare-up” event and attributed it to the slab breakoff
of the subducted Neo-Tethyan oceanic lithosphere.
Unfortunately, no isotopic data are available in Wen et
al. (2008) that could further address the mantle origin
of the complex. A more recent work by Ji et al. (2009)
revealed a systematic dataset of LA ICP-MS zircon
U-Pb ages and Hf isotopic compositions on the Gang-
dese batholiths in southern Tibet, revealing that the
magmatism occurred from 205 to 13 Ma, and can be
compared with the Kohistan-Ladakh batholiths in the
west and the Chayu-Burma batholiths in the east.
They also pointed out that the third stage of 6541 Ma,
which had the most juvenile nature among the four di-
visions, is the most prominent period of granitic
magmatism in the Gangdese batholith. These new
zircon Hf isotopic data substantially support the pre-
vious recognition that the Gangdese batholiths are dis-
tinctly characterized by positive ena(f) values (Jiang et
al., 1999; Harris et al., 1988). Such prominent grani-
toid magmatism, in combination with the contempo-
raneous Linzizong volcanic successions (6541 Ma,
Lee et al., 2007; Zhou et al., 2004) that are also char-
acterized by mantle-like positive eng(f) values, sug-
gests a significant mantle contribution to the crust,
which therefore played a significant role in creating
the thickened crust beneath the Tibetan plateau (Mo et
al., 2008, 2007).

In this article, based on our previously published
SHRIMP zircon U-Pb ages of the granitoids and re-
lated mafic rocks in the Quxu batholith, we present
our newly obtained zircon Hf isotopic data on the
same samples. We, (1) discovered an extensive mantle
input when magmatism peaked at ~50 Ma, (2) discuss
the contribution of this huge flux from the mantle to
the crust, and (3) consider it as an important mecha-
nism in thickening the crust during the early stage of
the India-Asia continental collision.

GEOLOGICAL SETTING AND SAMPLES

The Quxu pluton is one of the typical plutons
among the Gangdese batholiths that have attracted
many studies both in dating and geochemistry since
the Sino-France and Sino-British collaborations in the
1980s. A detailed field mapping on this pluton (Dong
et al., 2005; Mo et al., 2005a, b) revealed that the
granitoids and related mafic bodies and MME were
emplaced almost synchronously, ranging from 45 to
55 Ma, with a peak emplacement age of ~50 Ma. The
elemental and Sr-Nd-Pb isotopic investigation on
rocks, from gabbros to granites, in the Quxu complex
led to the recognition of a magma mixing event and an
associated magma underplating process (Dong et al.,
2008, 2006, 2005; Mo et al., 2005a).

Six samples previously dated by SHRIMP zircon
U-Pb dating (Mo et al., 2005a) were selected for zir-
con Hf isotopic analysis. These six samples were col-
lected from two localities: the first set (samples
SZ0345-A, B, D) from Mianjiang Village (29°21.7'N,
90°42.5'E) in the southern Quxu pluton and the second
set (samples SQ0343-A, B, C) from Niedang Village
(29°29.9'N, 90°56.3'E) in the northern Quxu pluton.
The age and lithology of these six samples are listed in
Table 1. The ages range from 47 to 51 Ma, with a peak
age of ~50 Ma. The dating results (Mo et al., 2005a)
and geochemical modeling (Dong et al., 2006) suggest
that the rocks (including gabbro, MME, and granodio-
rite) are all mantle origin and/or mantle-input-related,
and members of magma mixing processes.

ANALYTICAL METHODS

Zircon Hf isotope analysis was done on the same
dated spots using LA ICP-MS with a beam size of 60
pm and a laser pulse frequency of 8 Hz at the Insti-
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Table 1 Summary of zircon Hf isotopic results of the gabbro-granite rock in the Gangdese botholiths, southern Tibet

SiO,

Sample
(wt.%)

Lithology Age (Ma) eur(0)

en(?) Tom (Ma) Tom® Ma)  exa(d)

SQ0345A MME 49.9+1.7 54.49

SQ0345B Gabbro 48.9+1.1 5242 8.9 (5.5-10.5)
SQ0345C Diorite 49.3+1.7 57.07 11.2(10.1-12.4)
SZ0343A Granodiorite 51.2+1.1 63.03 9.1 (8.2-10.1)
SZ0343B Am-gabbro  47.0+1.0 50.26  10.0 (8.5-13.8)
S70343D MME S51.1£1.1 4743  8.8(7.7-10.0)

10.7 (9.6 -12.2)

11.8 (10.6-13.2)
10.0 (6.3-11.7)
12.2 (11.2-13.4)
10.2 (9.4-11.2)
11.0 (9.3-14.7)
9.8 (8.7-11.0)

250 (189-293)
338 (258-555)
232 (183-276)
316 (276-350)
293 (137-370)
335 (282-383)

369 (273-442) 5.55
485 (379-718)
341 (264-409)
474 (410-528)
419 (178-522) 3.97
495 (419-567)

Note: the ages are SHRIMP zircon **°Pb/*®U results from Mo et al. (2005a). Data in the parentheses represent the data range of

eud0), end?), Tpm (Ma), and T o (Ma) that are listed in Table 2. Whole rock SiO, compositions and eyqy(#) are from Dong et al.

(2006).

tute of Geology and Geophysics, Chinese Academy of
Sciences, Beijing. The details of the instrumental con-
ditions and data acquisition are given in Wu et al.
(2006) and Ji et al. (2009). During analysis, the
CH{/"Hf and ""°Lu/"""Hf ratios of the standard zir-
con (91500) were 0.282 322+22 (20,, n=28) and
0.000 319, consistent with the values (0.282 307431,
20,, n=44) obtained previously in this laboratory (Wu
et al., 2006).

ZIRCON Lu-Hf ISOTOPIC RESULTS

A total of 90 sets of '"°Hf/""Hf isotopic data on
the zircons from the 6 samples are listed in Table 2. A
summary of the results is given in Table 1. The results
are also plotted in &yq(f) against their ages in Fig. 1.
The &u(7) values (the parts in 10* deviation of the ini-
tial Hf isotope ratios between the zircon sample and
the chondritic reservoir) and Tpy* (the zircon Hf iso-
tope crustal model ages based on a depleted-mantle
source and an assumption that the protolith of the zir-
con’s host magma has an average continental crustal
76Lu/"""Hf ratio of 0.015) were calculated following
Griffin et al. (2002) using the '"°Lu decay constant
adopted in Blichert-Toft and Albaréde (1997).

In the three samples (SZ0345-A, B, D) of the
first set that was collected in Mianjiang Village, the
U-Pb ages range from 48.9 to 49.9 Ma (Mo et al.,
2005a); the '"*Hf/'""Hf ratio ranges from 0.283 045 to
0.283 118 (en(#)=10.6-13.2) in the gabbroid MME
sample (SQO0345A), from 0.282 928 to 0.283 070
(ens(#)=6.3—-11.7) in the gabbro sample (SQ0345B),
and from 0.283 058 to 0.283 123 (epdt)=11.2-13.4) in

the diorite sample (SQ0345C) (Tables 1 and 2, Fig.
1a). Their eyd?) values decrease slightly with decreas-
ing SiO, content (Fig. 1b). The positive eyg(¢) values
in these samples are consistent with a mantle origin of
the gabbros and mantle-input-related diorite. The zir-
con Hf isotope model ages based on a depleted-mantle
source (Tpy) are in the range of 230-338 Ma.

In the three samples of the second set that was
collected in Niedang Village (47-51 Ma, Mo et al.,
2005a), the "*Hf/'""Hf ratios and &y(¢) values of the
amphibole gabbro (SZ0343B, 0.283 012-0.283 163,
enur(£)=9.3—14.7) are slightly greater than those of the
granodiorite (SZ0343A, 0.283 005-0.283 057, enst)=
9.4-11.2) and the gabbroidic MME (SZ0343D,
0.282 990-0.283 054, ep#)=8.7-11.0). The Tpy val-
ues of the three samples range from 293 to 335 Ma.
These samples also show depleted-mantle Hf isotopic
features. As a whole, the gabbros show a decreasing
trend in eyg(?) value with decreasing SiO, content (Fig.
1b).

DISCUSSION
Extensive Mantle Input during India-Asia Colli-
sion

The zircon Hf isotopic data of the six samples of
the Quxu pluton from Mianjiang and Niedang re-
ported in this study further support this point. The av-
erage eug(?) values of the samples, including gabbros,
gabbroic MMEs, and granodiorites, range from 10 to
12.2 (Table 2). The variation within one sample can
be as high as 5.4 units of eyg(¢) (such as that in two
gabbros, SQ0345B and SZ0343B). They have a young
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Table 2  Zircon Hf isotopic results of the gabbro-granite rock in the Gangdese batholiths, southern Tibet

No. Age (Ma) "oYb""Hf °Lu/""Hf VeHE'HF 20 TSHETHE, ep(0) ene(f)  Tom (Ma) Tome (Ma) fiwme
SQ0345A, MME, 49.9+1.7 Ma

02 51 0.026 700 0.001 076  0.283 080 0.000 020 0.283 079 109 12.0 244 359 -0.97
03 50 0.027398 0.001 110 0.283 065 0.000 018 0.283 064 104 11.4 265 392 -0.97
04-1 47 0.023 596 0.000943 0.283 078 0.000018 0.283077 10.8 11.8 246 366 -0.97
04 47 0.024 831 0.000990 0.283 118 0.000017 0.283 117 122 132 189 273 -0.97
05 49 0.027 611 0.001 109 0.283 090 0.000017 0.283089 11.2 123 229 336 -0.97
06 55 0.033 832 0.001350 0.283 096 0.000018 0.283095 11.5 12.6 222 320 -0.96
07 51 0.013 854 0.000571 0.283 093 0.000016 0.283093 11.4 12.5 221 326 -0.98
08 49 0.026 523 0.001 047 0.283 080 0.000016 0.283079 109 11.9 243 359 -0.97
09 53 0.026 990 0.001 067 0.283 079 0.000 019 0.283078 109 12.0 245 359 -0.97
10 48 0.025315 0.001 000 0.283 055 0.000019 0.283054 10.0 11.0 279 417 -0.97
11 49 0.021 272 0.000 850 0.283 062 0.000018 0.283061 103 11.3 268 400 -0.97
12 50 0.026 263 0.001 057 0.283 049 0.000 019 0.283 048 9.8 10.9 288 429 -0.97
13 55 0.026 712 0.001 079  0.283 051 0.000 020 0.283 050 9.9 11.0 285 422 -0.97
14 59 0.028 626 0.001 138  0.283 071 0.000 021 0.283069 10.6 11.8 257 375 -0.97
15 45 0.024211 0.000958 0.283 045 0.000019 0.283044 9.6 10.6 293 442 -0.97
16 49 0.027 142 0.001 069 0.283 079 0.000019 0.283078 10.8 11.9 245 362 -0.97
17 45 0.024981 0.000997 0.283092 0.000017 0.283091 113 123 226 335 -0.97
SQ0345B, gabbro, 48.9+1.1 Ma

01-0 48 0.020 371 0.000904 0.283 001 0.000036 0.283 001 8.1 9.1 354 538 -0.97
01 48 0.038 318 0.001 521  0.283 035 0.000 024 0.283 033 9.3 10.3 312 464 -0.95
06 47 0.203 673 0.007 456  0.282 928 0.000 034 0.282921 5.5 6.3 555 718 -0.78
09 57 0.025 815 0.001 037 0.283 051 0.000 029 0.283050 9.9 11.1 284 420 -0.97
12 48 0.030 514 0.001316 0.283 065 0.000 023 0.283064 104 114 266 394 -0.96
13 55 0.024 513 0.001 122 0.283 070 0.000 025 0.283 069 10.5 11.7 258 379 -0.97
SQ0345C, diorite, 49.3+1.7 Ma

01 50 0.025374 0.001 032 0.283095 0.000019 0.283094 11.4 12.5 222 325 -0.97
02 52 0.020 172 0.000 821 0.283 081 0.000017 0.283080 10.9 12.0 240 354 -0.98
03 56 0.020 280 0.000811 0.283 112 0.000015 0.283 111 12.0 13.2 197 282 -0.98
04 49 0.022 204 0.000 897 0.283 079 0.000017 0.283078 109 119 243 361 -0.97
05-1 46 0.016 538 0.000 683 0.283 085 0.000015 0.283084 11.1 12.0 234 349 -0.98
05 46 0.031 018 0.001250 0.283 123 0.000017 0.283 121 124 134 183 264 -0.96
07 44 0.018 991 0.000790 0.283 069 0.000017 0.283069 10.5 11.5 257 386 -0.98
08-1 52 0.014 511 0.000 607 0.283093 0.000015 0.283093 114 125 222 326 -0.98
08 52 0.027 222 0.001 098 0.283 108 0.000016 0.283 107 11.9 13.0 203 293 -0.97
09 50 0.028 401 0.001 122 0.283 066 0.000019 0.283 065 104 11.5 264 391 -0.97
10 52 0.020 193 0.000 833 0.283 104 0.000016 0.283103 11.7 129 207 302 -0.97
11 50 0.034 169 0.001 344 0.283 084 0.000 020 0.283083 11.0 12.1 239 350 -0.96
12-1 52 0.022 308 0.000891 0.283 075 0.000021 0.283074 10.7 11.8 249 368 -0.97
13-1 50 0.013 768 0.000577 0.283 080 0.000021 0.283080 109 12.0 240 356 -0.98
13 50 0.028 714 0.001 170  0.283 058 0.000 022 0.283 057 10.1 11.2 276 409 -0.96
SZ0343A, granodiorite, 51.2+1.1 Ma

01-1 50 0.028 175 0.001216 0.283 031 0.000015 0.283030 9.2 10.2 314 470 -0.96
01 50 0.031 099 0.001364 0.283 009 0.000018 0.283008 8.4 9.4 347 520 -0.96
02-1 50 0.025980 0.001 135 0.283 028 0.000017 0.283 027 9.1 10.1 318 477 -0.97

02-2 50 0.030 507 0.001249 0.283 049 0.000 014 0.283 048 9.8 10.8 289 430 -0.96
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Continued
No. Age (Ma) "Yb'"7Hf "SLw/'"Hf '"°Hf/'""Hf 26 "SHE'HE eur(0) enr(?)  Tom (Ma) Tome (Ma) fiume
02 50 0.026 839 0.001 126  0.283 008 0.000 016 0.283 007 8.4 9.4 346 522 -0.97
03 51 0.018 809 0.000 799 0.283 027 0.000017 0.283 026 9.0 10.1 317 478 -0.98
04 54 0.020 390 0.000 867 0.283 030 0.000 015 0.283029 9.1 10.3 313 469 -0.97
05 49 0.020929 0.000913 0.283 040 0.000017 0.283039 9.5 10.5 299 449 -0.97
06 49 0.021 330 0.000927 0.283 035 0.000017 0.283034 9.3 10.4 306 461 -0.97
07 50 0.019990 0.000 867 0.283 045 0.000016 0.283044 9.7 10.7 292 438 -0.97
08 51 0.019 335 0.000833 0.283 023 0.000016 0283022 89 10.0 322 487 -0.97
09-1 54 0.029 083 0.001 245 0.283012 0.000015 0.283011 8.5 9.6 342 511 -0.96
09 54 0.017926 0.000813 0.283 036 0.000016 0.283035 9.3 10.5 305 457 -0.98
10 53 0.025252 0.001 043 0.283 005 0.000015 0.283004 8.2 9.4 350 528 -0.97
11-1 52 0.027 122 0.001 235 0.283 024 0.000018 0.283023 89 10.0 325 485 -0.96
11 52 0.018 895 0.000839 0.283010 0.000017 0.283009 8.4 9.5 341 517 -0.97
12-1 54 0.019370 0.000 864 0.283 056 0.000016 0.283 055 10.1 11.2 276 410 -0.97
12 54 0.020 117 0.000 855 0.283 027 0.000016 0.283 026 9.0 10.2 317 476 -0.97
13-1 51 0.032 834 0.001 421 0.283 057 0.000 015 0.283 055 10.1 11.1 279 411 -0.96
13 51 0.020 719 0.000 873  0.283 026 0.000 015 0.283025 9.0  10.1 319 481 -0.97
S70343B, Am-gabbro, 47.0+1.0 Ma
01-1 48 0.095 181 0.004206 0.283 040 0.000 028 0.283 036 9.5 10.4 328 457 -0.87
01 48 0.101 174 0.004 477 0.283 163 0.000 020 0.283 159 13.8 14.7 137 178 -0.87
02 47 0.062 245 0.002 588 0.283 060 0.000019 0.283 058 10.2 11.1 284 409 -0.92
03 50 0.052 348 0.002265 0.283 031 0.000020 0.283029 9.2 10.2 324 473 -0.93
04 49 0.020 630 0.000904 0.283 076 0.000 020 0.283075 10.8 11.8 248 368 -0.97
05 48 0.022 448 0.000 964 0.283 082 0.000 022 0.283081 11.0 12.0 240 355 -0.97
06 45 0.046 412 0.001 903 0.283 050 0.000 019 0.283049 9.8 10.8 292 431 -0.94
07 46 0.164 186 0.006 343 0.283 061 0.000 025 0.283056 10.2 11.1 314 413 -0.81
08 48 0.141 090 0.005 865 0.283 030 0.000 025 0.283025 9.1 10.0 360 482 -0.82
09 46 0.060 703 0.002 504 0.283 050 0.000 022 0.283 048 9.8 10.8 298 432 -0.92
10 45 0.077 124 0.003 167 0.283 087 0.000 028 0.283084 11.1 12.0 248 350 -0.90
11 50 0.024 713 0.001 114 0.283 021 0.000 021 0.283 020 8.8 9.9 328 493 -0.97
12 47 0.052 130 0.002431 0.283 032 0.000028 0.283030 9.2 102 324 472 -0.93
13 47 0.053 461 0.002252 0.283 078 0.000 024 0.283076 10.8 11.8 254 367 -0.93
14 45 0.088 266 0.004 074 0.283 012 0.000 027 0.283 008 8.5 9.3 370 522 -0.88
15 47 0.058 327 0.002 574 0.283 020 0.000 023 0.283 018 8.8 9.7 342 499 -0.92
S70343D, MME, 51.1£1.1 Ma
01-1 51 0.100233 0.004 136  0.283 008 0.000 031 0.283 004 8.3 9.3 377 529 -0.88
01-2 51 0.059 545 0.002 520 0.283 054 0.000024 0.283052 100 11.0 291 419 -0.92
01 51 0.074 020 0.002998 0.282998 0.000 022 0.282995 8.0 9.0 380 549 -0.91
02-1 53 0.033 822 0.001485 0.283049 0.000018 0.283048 9.8 10.9 291 428 -0.96
02 53 0.024 348 0.001 036 0.283 027 0.000 019 0.283026 9.0 10.1 319 478 -0.97
03-1 49 0.027 663 0.001 184 0.283 028 0.000019 0.283 027 9.0 10.1 319 478 -0.96
03 49 0.022 080 0.000961 0.283 004 0.000017 0.283003 8.2 9.2 351 533 -0.97
04 50 0.027 256 0.001 195 0.283 024 0.000019 0.283 023 8.9 10.0 324 486 -0.96
05 52 0.023 368 0.001 036 0.283 053 0.000 020 0.283052 9.9 11.0 282 419 -0.97
06-1 46 0.051 745 0.002 109 0.282990 0.000018 0.282988 7.7 8.7 382 567 -0.94
06 46 0.019 339 0.000838 0.283012 0.000 020 0.283012 8.5 9.5 338 514 -0.97
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Continued

No. Age (Ma) 7oyb"7Hf '"°Lu/"""Hf '7°Hf/'""Hf 20

TOHETHE ene(0) enr(f)  Tom (Ma) Towic (Ma) frymr

07 48 0.030991 0.001361 0.283042 0.000020 0283041 9.5 106 300 447 -0.96
08 46 0.070936 0.003045 0.282996 0.000022 0282994 7.9 8.8 383 555 -0.91
09 51 0.030491 0.001302 0.283005 0.000022 0283004 82 93 352 529 -0.96
10 50 0.030531 0.001258 0.283013 0.000018 0283012 85 9.6 341 512 -0.96
11 55 0.051808 0.002164 0.283025 0.000021 0283023 89 101 332 484 -0.93

Note: the ages are SHRIMP zircon U-Pb 206pp,238y ages (Mo et al., 2005a).

20 L @ Quxu pluton, N=90, this work (a)
¢ Gangdese batholith, N=606, Ji et al., 2009
© Linzizong volcanic rock, N=21, Lee et al., 2007

enr (1)

U-Pb age (Ma)

B SQ0345A O SZ0343A|
© SQ0345B O SZ0343B
ASQ0345C A SZ0343D
1 1
55 60 65
Si0: (wt.%)

Figure 1. Plots of g4¢() vs. ages (a) and whole-rock SiO, content (b) of the Quxu gabbro-granitoid complex
in southern Tibet. Sources of age data are the same as in Tables 1 and 2.

Hf model age (230-340 Ma). These depleted mantle-
like high and positive eygf) values suggest that the
Quxu complex, one of the typical Gangdese batholiths,
is generated from either the mantle wedge or a
pre-existing mafic lower crust beneath the collision
zone instead of the general granites that originated
from the recycling of a sedimentary lower continental
crust. The majority of a widely sampled research also
shows this positive and wide range variation in eyg(?)
values, with the eydf) values changing from 4 to 15,
corresponding to the ages between 47 and 70 Ma, and
the Tpm(Hf) from 510 to 730 Ma (Ji et al., 2009).
These zircon Hf isotopic signatures are consistent with
the Nd isotopic compositions (enqg()=2—-8.5, DePaolo
et al., 2008; Dong et al., 2008; Jiang et al., 1999; Har-
ris et al., 1988).

The Paleogene Linzizong volcanic succession
that was studied in detail in the Linzhou basin (LVS,
40-65 Ma) temporally overlaps with the Gangdese
batholiths. It is similarly regarded as a product of
Tethyan subduction-related magmatism and also
shows mantle-like Nd-Sr features (Mo et al., 2008,

2007, 2005a, b, 2003; Zhou et al., 2004). The zircon
Hf isotope of LVS reported by Lee et al. (2007) (Fig. 1)
is also the same as that of the Gangdese batholiths.

The Hf isotope results obtained in this study and
others (Ji et al., 2009; Lee et al., 2007) in the central
Gangdese batholith and related volcanic rocks further
support that the mantle materials were added to the
crust via the partial melting of the subducted remain-
ing part of the Tethyan Ocean crust (Mo et al., 2008)
or the recycling of the pre-existing oceanic arc terrane
(with positive eng(?) values) (Ji et al., 2009). This is an
important issue in figuring out whether the collisional
zone is also the place of crustal growth from below
(Mo et al., 2008).

To the west syntaxis, the western extension of the
Gangdese batholith in Ladakh and Karakoram, the
same situation was also found by Ravikant et al.
(2009). The granite and diorite from the Ladakh ba-
tholith (50—68 Ma) have eyf?) values ranging from 7.4
to 10.3, corresponding to a young model age
(Tom(Hf)=510-730 Ma). Therefore, such a significant
feature (high and positive eyg(¢) values and a young Hf
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model age) in a large spatial frame from Ladakh to the
Gangdese batholith suggests a giant mantle-to-crust
process through the magmatism during the early colli-
sion between India and Asia (Ji et al., 2009).

Constraints in Magma Mixing

Magma mixing processes were employed in de-
scribing the petrogenesis of the Quxu pluton, and the
portions of basic and acid end-members involved in
the mixing event were quantitatively estimated using
major elemental compositions (Dong et al., 2008,
2006, 2005; Mo et al., 2007, 2005a, b). The remaining
issue is that the two proposed end-members cannot be
recognized by Nd-Sr-Pb isotopes in terms of the most
mafic portion having the highest Nd and the least Sr
isotopic ratios. For instance, the eng(¢) values changed
from 2.7 to 8.5, unrelated to their SiO, contents (47
wt.%—56 wt.%) (Dong et al., 2008). This is explained
as one of the geochemical features for supporting a
magma mixing origin of granite and related rocks, in-
dicating that the magma has been chemically homo-
geneous during the mixing processes (Dong et al.,
2008, 2006; Mo et al. 2005a, b).

In the Hf results of this work (Fig. 1b), there are
no correlations between the eyf) values and their
SiO, contents. For example, the most basic sample
(SZ0343D) has the lowest mean eyg¢r) values (8.8)
among all the 6 samples, even lower than that of the
granodiorite (9.1 in sample SZ0343A). This is similar
to the above-mentioned Nd-Sr isotopes. In this point,
the zircon Hf isotopic results are consistent with the
Nd-Sr data. This was also discovered by Ji et al.
(2009), who pointed out that no significant Hf isotopic
difference existed between the mantle-derived gabbro
and the crustal-derived granite, further indicating that
these zircons were crystallized from different kinds of
host magmas.

However, it should be noted that there are large
variations in zircon &yg(¢f) values, up to 5.4-¢ units
within a single rock and up to 15-¢ units between zir-
cons within the six contemporaneous samples of ~50
Ma. Similar large variations in the zircon Hf isotopic
compositions of the Quxu pluton are also observed in
the granitoids (133—117 Ma) in eastern Tibet (Chiu et
al., 2009), the Fogang batholith in SE China (Li et al.,
2007), the granitoids in the Lachlan fold belt of Aus-

tralia, and the separation point suite of New Zealand
(Bolhar et al., 2008; Kemp et al., 2007). This hetero-
geneity requires an open system with more than 2
end-member mixtures of the magma source region in-
stead of partial melting or fractional crystallization. In
other words, the large variations in zircon &u(¢) values
observed in the Quxu pluton are indicative of magma
mixing.

Then, the remaining issue is which “crust”
end-member was involved during the magma mixing
in the Gangdese batholiths. In Fig. 1a, there is no zir-
con with crustal signature (eyq(¢)<0) with an age range
of ~65-47 Ma, suggesting that the majority of the
source region are mantle-like materials or even a small
number of crustal input. But at ~47 Ma, the crustal
components with negative eydf) values appeared.
Such a change was interpreted by Ji et al. (2009) as
the involvement of old crustal material and was attrib-
uted to the input of Indian continental crust materials.
But a just finished article by Zhu et al. (2009) reported
that the Paleocene diorite (~62 Ma) south of Nanmulin
contains a large amount of inherited Proterozoic zir-
con (466—1 632 Ma) with gyf(¢) values ranging from
9.9 to 4.6 (Tpym =1.46-2.53 Ga). The emplacement
age of the diorite significantly predates by about 10
Ma the arrival of the Indian continental crust beneath
the Gangdese batholith (Chung et al., 2005). Therefore,
the finding would indicate that the crustal materials
involved in the magma mixing of the Gangdese batho-
lith may have come from the Lhasa terrane itself
rather than the Indian continent.

Constraints in the Crust Thickening and Growth
on Tibetan Plateau

In a recent study, Mo et al. (2007) divided the
postcollisional process into three phases after the
India-Asia collision around 65-70 Ma based on a sys-
tematic research on the associated magmatism. They
discussed the contributions of the magmatism to the
crustal thickening during each phase. Among the three,
Phase I, which is represented by the syn- collisional
LVS volcanism (~65—40 Ma) and the emplacement of
southern Gangdese batholiths (a peak age of ~50 Ma),
is the key period for the formation of the lower juve-
nile crust via the input of mantle-derived magmas and
caused the crustal thickening in southern Tibet. The
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authors proposed that the mantle material input con-
tributed about 30% (about 20 km) to the total thick-
ness of the present-day Tibetan crust. The zircon Hf
isotopic compositions reported in this study, in com-
bination with the data recently published (Ji et al.,
2009; Lee et al., 2007), further confirmed this mantle
input to the crust of southern Tibet. In this regard, the
zircon Hf isotopic compositions provide new insights
to justify the previous interpretation (Mo et al., 2007)
that the magma mixing and magma underplating at
about 50 Ma may have played an important role in
creating the crust of the southern Tibetan plateau.

CONCLUSIONS

(1) Six samples (including gabbro, mafic micro-
enclaves (MME), and granodiorites) used for LA
ICP-MS zircon Hf isotopic analysis of the Quxu com-
plex yielded °Hf/'"THF ratios ranging from 0.282 921
to 0.283 159, corresponding to eyg?) values of 6.3 to
14.7. Their Tpy and TDMC are in the range of 137 to
555 Ma and 178 to 718 Ma, respectively.

(2) The mantle-like high and positive eyg(¢) val-
ues of the samples suggest a mantle input of the juve-
nile source regions.

(3) There is no relationship between the sample
composition and the TeHE TTHE compositions. A large
variation in eyg(f) values within a single rock (up to
5.4-&units) and within the 6 samples (up to 15-¢ units)
is observed. These further suggest that the magma
mixing and magma underplating at about 50 Ma may
have played an important role in creating the crust of
the southern Tibetan plateau.
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