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Zircon SHRIMP U-Pb dating and geochemistry of Caledonian Miao’ ershan
pluton in the western part of the Nanling Mountains and their tectonic

significance

BAI Dao-yuan, ZHONG Xiang, JIA Peng-yuan, XIONG Xiong and HUANG Wen-yi

Abstract: The Miao’ ershan pluton in the western segment of the Nanling Mountains is mainly composed of
Caledonian granites with minor Indosinian and Yanshanian granites. The Caledonian plutons are composed of
early stage biotite granodiorite, middle stage porphyritic biotite monzogranite ( principal part) and late stage fine-
grained biotite/two-mica monzogranite, with all the rocks having massive structure. The authors carried out U-
Pb zircon dating of a porphyritic biotite monzogranite sample and a fine-grained two-mica monzogranite sample

and obtained weighted average ages of 428.5+ 3.8 Ma and 409 +4 Ma respectively, suggesting two magmatic
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events that occurred in the late episode of Early Silurian and in the late episode of Silurian to the early stage of
Devonian respectively. Geochemically, the middle stage rock body is a high-K calc-alkaline peraluminous granitic
pluton and is characterized by higher SiO,(70.09% ~76.59% ), moderate Al,O3(12.71% ~14.72% ), higher
K,O (4.48% ~5.73% ) and moderate alkali (Na,O+ K,O=7.24% ~7.91% ) content as well as higher ASI
(1.15 on average). The granite is depleted in Ba, Nb, Sr, P and Ti but enriched in Rb, (Th+U+K), (La+
Ce), Nd, (Zr+Hf+Sm)and (Y + Yb+ Lu). It displays moderate total REE content (SREE=179.8x 10 ¢~
270.6x10 ®), enrichment of LREE [(La/Yb)y=15.07~14.33] and negative Eu anomalies (8Eu=0.15~
0.46). It also has slightly higher I (0.706 60 ~0.720 82) but lower eNd(z) ( —8.29~ —7.94) with Nd
model ages (z5py) being 1.81~1.84 Ga. The C/MF — A/MF diagram indicates that the Caledonian Miao’ er-
shan granites came from mudstones and clastic rocks. All these geochemical characteristics point to S-type grani-
tiod and suggest that the granites might have come from rocks of middle-upper crust. Multiple oxide and trace
element diagrams for discrimination of structural environment show that the granites were formed in a post-colli-
sional tectonic setting. Based on petrogenesis and discrimination of structural environment in combination with
regional tectonic evolutional setting, the authors infer that the formation mechanism of Caledonian Miao’ ershan
granites should be as follows: the thickening of the crust in Caledonian movement caused the rise of the crust
temperature, and later weakening of stress in a post-collisional tectonic setting resulted in the melting of middle-
upprer crust, with the magma emplaced in a relative open environment. These results and regional geological da-
ta indicate that there occurred strong intracontinental compression and crust thickening in Miao’ ershan area in
Beiliu movement as well as in Guangxi movement.

Key words: zircon SHRIMP U-Pb dating; geochemical characteristics; S-type granitiod; post-collisional tectonic

setting; Beiliu movement; Guangxi movement; Miao’ershan; southwestern Hunan Province
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Fig. a K—Cretaceous T3-J—Upper Triassic-Middle Jurassic D-T,—Devonian-Middle Triassic Nh-S—Nanhuan-Silurian Qb—Neoproterozoic

Banxi Group yJ—Early Yanshanian granitoid yT—Indosinian granitoid yS—Caledonian granitoid Fig. b K—Cretaceous D-C—Devonian-

Carboniferous  Nh-O—Nanhuan-Ordovician Qb—Qingbaikouan System YJ—Early Yanshanian granite yT—Indosinian granite yS—Caledonian

granite YQb—Qingbaikouan granite Y8S*—medium-grained porphyritic biotite granodiorite of Caledonian Miao' ershan pluton T]YSb—fine-nledi-
um-grained to coarse-medium-grained porphyritic biotite monzogranite of Caledonian Miao' ershan pluton yS*—fine-grained biotite-dimicaceous

monzogranite of Caledonian Miao’ ershan pluton
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Fig. 2 Cathodoluminescence images of zircons from

Caledonian Miao' ershan granites

1 SHRIMP U-Pb
Table 1 SHRIMP U-Pb data of zircons from Caledonian Miao' ershan pluton

wp 1070 222, Ma 207py, * 207py, * 206py, *
200ph,. % a _ + % + 9 + 9
U Th  200pp* 238Qy 206p}, 23877 207p}, 206p}, 206y, * 2351y 2381y
303 NN
SH303-1.1 0.29 980 390 58.4 0.41 430.9£5.8 324 +47 0.05290 2.1 0.5040 2.5 0.06912 1.4
SH303-2. 1 0.24 1169 346 69.9 0.31 432.8+5.8 366 * 36 0.05388 1.6 0.5160 2.1 0.06944 1.4
SH303-3. 1 0.22 1402 425 82.2 0.31 424.9+£5.7 426 +35 0.05534 1.6 0.5200 2.1 0.06813 1.4
SH303-4. 1 0.25 1425 732 82.9 0.53 421.3£5.9 399 +30 0.05467 1.4 0.5090 2.0 0.06754 1.4
SH303-5. 1 0.08 1245 614 72.7 0.51 423.6£5.6 382+30 0.05427 1.3 0.5082 1.9 0.06792 1.4
SH303-6. 1 0.08 1744 630 105 0.37 438.1£5.8 391£20 0.05449 0.91 0.5284 1.6 0.07032 1.4
SH303-7. 1 0.29 2661 540 159 0.21 432.9£5.7 394 +£25 0.05456 1.1 0.5225 1.8 0.06946 1.4
SH303-8. 1 0.65 1852 836 112 0.47 435.5£5.7 342 +42 0.05331 1.9 0.5140 2.3 0.06989 1.4
SH303-9. 1 0.05 1207 617 69.5 0.53 417.9£5.6 392+26 0.05449 1.1 0.5032 1.8 0.06698 1.4
311

SH311-1.1 0.23 2876 888 163 0.32 411.8+£5.4 407+ 24 0.05487 1.1 0.4991 1.7 0.06596 1.4
SH311-2. 1 1.12 6571 1041 406 0.16 443.3£5.8 506 +28 0.05738 1.3 0.5630 1.9 0.07119 1.3
SH311-3.1 0.77 972 719 55.0 0.76 407.9£5.6 434 +65 0.05550 2.9 0.5000 3.2 0.06532 1.4
SH311-4.1 0.47 4967 1364 318 0.28 460.6+£6.0 610 +22 0.06019 1.0 0.6150 1.7 0.07407 1.3
SH311-5.1 0.36 391 292 22.1 0.77 408.3£5.9 28878 0.05210 3.4 0.4690 3.7 0.06539 1.5
SH311-6. 1 3.19 1819 483 107 0.27 412.0£5.7 750+120  0.06420 5.7 0.5850 5.9 0.06600 1.4
SH311-7.1 0.05 1502 287 84.3 0.20 407.7+£5.8 450 +25 0.05594 1.1 0.5036 1.9 0.06529 1.5
SH311-8.1 0.55 748 514 41.6 0.71 402.0£5.5 488 + 56 0.05690 2.5 0.5050 2.9 0.06434 1.4
SH311-9.1 0.36 4500 1014 253 40.23 08.0+£5.3 387 +28 0.05438 1.2 0.4898 1.8 0.06533 1.4
SH311-10. 1 0.09 2337 1253 125 0.55 389.2+5.1 350 +24 0.05350 1.0 0.4590 1.7 0.06223 1.4
SH311-11.1 0.20 5106 1593 296 0.32 420.3+£5.5 388+ 15 0.05441 0.68 0.5055 1.5 0.06738 1.3
SH311-12.1 0.24 1670 899 92.8 0.56 403.3£6.4 373+39 0.05405 1.7 0.4810 2.4 0.06460 1.6

*®Ph, % 20%p, 20p, Pb’ *%Pb
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Table 2 Petrochemical components of granites in Caledonian Miao' ershan pluton
SO, TiO; ALO; FeyO3 FeO MnO MgO CaO NaO KO P05 CO, H,OF ASI ANK ALK K;O Na,O A MF
ML6 wse 70.64 0.35 14.27 1.07 1.90 0.05 1.19 2.48 2.23 3.82 1.09 0.12 99.21 1.29 1.83 6.11 1.71 2.05
MLS s 72.64 0.27 13.25 0.36 1.84 0.04 0.52 1.18 2.30 4.70 1.03 0.82 98.95 1.35 1.49 7.13 2.04 3.05
HX311-1 yS¢ 72.69 0.13 14.99 0.22 1.05 0.02 0.38 0.01 5.95 3.85 0.02 0.02 0.57 99.9 1.07 1.07 9.87 0.65 5.53
MLA 1]\/5" 70.45 0.32 13.76 0.50 2.48 0.05 0.66 1.67 2.37 4.83 0.11 0.42 97.62 1.14 1.51 7.41 2.04 2.38
ML3 qub 69.70 0.31 14.01 0.39 2.60 0.05 0.81 2.12 2.88 4.80 0.11 0.44 98.28 1.02 1.40 7.91 1.69 2.26
ML2 nySb 72.43 0.24 13.23 0.59 2.56 0.06 0.62 1.35 1.53 5.63 0.07 0.47 98.78 1.26 1.53 7.28 3.68 2.25
HX308-1 TI'YSb 74.34 0.24 12.90 0.62 1.95 0.05 0.72 0.60 2.73 4.75 0.06 0.03 0.85 99.84 1.21 1.34 7.56 1.74 2.43
HX313-1 11‘/5‘) 75.79 0.14 12.58 0.59 1.25 0.02 0.67 0.08 2.92 4.83 0.04 0.05 0.93 99.89 1.24 1.25 7.83 1.65 3.03
HX325-1 nVSb 74.64 0.19 13.01 0.21 2.05 0.08 0.41 0.76 3.19 4.44 0.07 0.08 0.74 99.87 1.14 1.29 7.70 1.39 3.10
HX302-1 qub 72.24 0.29 13.48 0.29 2.32 0.04 0.85 1.85 2.68 4.91 0.09 0.05 0.74 99.83 1.04 1.38 7.66 1.83 2.33
HX307-1 nVSb 71.43 0.33 14.10 0.57 2.08 0.05 1.01 2.04 2.89 4.54 0.11 0.05 0.64 99.84 1.06 1.46 7.49 1.57 2.28
HX324-1 qub 71.14 0.37 14.32 0.63 2.35 0.06 0.96 0.89 2.14 5.35 0.11 0.08 1.43 99.83 1.32 1.54 7.61 2.50 2.20
MLI1 nYSb 68.77 0.4 14.44 0.9 2.33 0.06 1.11 2.54 2.46 4.64 0.46 0.37 98.48 1.05 1.59 7.24 1.89 2.02
HX304-2  v8S* 66.60 0.50 15.50 0.74 3.08 0.07 1.96 2.85 2.81 4.16 0.18 0.05 1.32 99.82 1.10 1.70 7.08 1.48 1.52
MLI1~6 (1) ASI=Al Ca—1.67P+Na+K ANK=Al Na+K A MF = ALO;
MgO+ FeO
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Table 3 Trace element analyses of Caledonian Miao' ershan granites
HX311-1 HX308-1 HX313-1 HX325-1 HX302-1 HX307-1 HX324-1 HX304-2
s s s s s s s s
Sr 36.6 56.6 31.0 30.5 99.2 97.1 65.5 133.3
Ba 227.4 278.8 130.8 92 349.2 381.1 472.9 526.3
Th 18.99 54.43 52.21 45.44 48.87 54.29 51.61 39.04
U 4.53 13.31 8.71 23.24 10.38 13.61 8.41 4.7
Ta 3.48 4.13 2.46 6.22 1.91 1.98 3.32 2.17
Nb 20.13 21.87 17.61 33.21 17.26 17.84 20.24 18.63
Zr 82.4 122.6 116.9 106.3 133.1 164 153.8 201.3
Hf 2.7 4.1 3.9 3.5 4.4 5.5 5.1 6.7
Rb 132.4 353.5 349.7 638 331 297.6 351.4 223.1
Cs 5.33 22.23 11.2 67.94 27.74 26.25 31.64 23.52
Ga 12.93 16.9 16.31 20.58 17.43 18.33 17.49 18.46
Li 13.06 37.84 27 159.8 39.92 58.77 62.77 55.8
B 1.76 7.23 5.66 10.87 10.1 7.48 6.61 10.98
F 93 695 272 1219 754 737 596 865
Cl 141.2 96.3 148.6 85.3 62.7 81.1 74.6 82.3
Sc 3.28 6.76 4.07 6.82 5.24 6.7 7.75 11.22
Be 1.99 6.88 3.99 14.77 4.82 6.74 5.65 5.08
Cr 27.7 21.3 29.3 22.1 23 27.9 24.1 41.7
Co 2.09 4.46 3.33 3.30 6.72 6.75 7.28 11.47
Ni 6 11.59 6.7 7.93 14.69 16.57 13.8 28.86
\Y% 12.58 23.3 12.87 14.69 30.82 33.58 40.23 58
W 8.5 4.81 4.81 1.03 21.88 47.23 3.08 3.606
Sn 10.35 19.07 10.87 28.35 6.96 12.07 12.42 8.99
Mo 3.2 3.54 2.82 3.07 4.88 2.13 3.33 4.17
Bi 0.3 3.46 0.43 0.37 8.45 5.39 3.25 0.68
Cu 6.88 14.74 6.03 8.17 13.86 45.27 24.94 27.09
Pb 9.67 62.43 35.56 64.29 64.33 56.78 67.84 47.43
Zn 10.52 40.77 13.28 38.13 38.36 43.76 45.57 53.03
As 3.36 2.38 2.04 6.55 4.7 2.22 2.3 2.62
Sb 1.25 5.77 0.41 8.28 9.65 2.65 0.53 4.51
Hg 0.029 0.03 0.029 0.036 0.046 0.042 0.033 0.028
Ag 0.021 0.053 0.034 0.07 0.068 0.116 0.043 0.049
Cd 0.096 0.348 0.109 0.195 0.097 0.177 0.178 0.068
Au 0.3 1.5 1.0 1.0 0.6 2.7 0.4 0.5
Rb Sr 3.62 6.25 11.28 20.92 3.34 3.06 5.36 1.67
La Sm 2.79 6.07 6.05 5.18 7.24 7.29 7.17 7.66
Ag 1077 ML1~6 (1] X
XRF ICP-MS AFS ES W Mo
4 wp 1070

Table 4 Content of REE of Caledonian Miao' ershan granites

La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu Y SREE SCe 3Y La Yb N 8Eu

HX311-1 qySe 8.20 19.74 2.51 9.47 2.94 0.36 2.28 0.73 4.78 1.01 3.01 0.53 3.36 0.47 29.22 88.6 0.95 1.61 0.41
HX308-1 7yS® 38.11 93.54 8.82 31.13 6.28 0.56 5.63 0.93 5.79 1.14 3.22 0.51 3.45 0.49 34.35 233.9 3.21 7.29 0.29
HX313-1 quh 37.46 54.22 9.48 32.56 6.20 0.54 5.57 0.72 3.79 0.74 1.99 0.33 2.10 0.31 23.77 179.8  3.57 11.80  0.28
HX325-1 7yS® 39.18 81.83 10.12 34.38 7.56 0.35 6.51 1.24 8.10 1.61 4.71 0.74 5.10 0.73 47.60 249.7 2.27 5.07 0.15
HX302-1 7ySP 37.10 78.25 8.56 29.55 5.12 0.75 4.96 0.62 3.26 0.62 1.70 0.28 1.71 0.23 17.53 190.3 5.15 14.33  0.46
HX307-1 quh 46.68 102.2 10.63 36.60 6.41 0.88 6.26 0.81 4.56 0.87 2.35 0.39 2.42 0.36 24.78 246.2 4.75 12.74  0.42
HX324-1 7ySP 52.63 111.8 12.19 43.85 7.34 0.93 7.33 0.80 4.43 0.84 2.25 0.39 2.59 0.38 22.87 270.6 5.46 13.40  0.39
HX304-2 wyS* 52.08 101.4 11.75 40.24 6.79 1.00 6.49 0.81 4.44 0.84 2.28 0.37 2.28 0.33 23.34 254.4 5.18 15.12  0.46

ICP-MS

(1] 418 . 1995. 1:25
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diagram for Caledonian Miao' ershan granites primitive

mantle data after Sun and McDonough 1989

5 Sr Nd

Table 5 Sr and Nd isotope compositions of granites in

Caledonian Miao' ershan pluton

HX302-1 HX307-1 HX324-1
Rb 10°° 305.2 304.4 369.1
S10°¢ 107.1 104 68.09
87Rb 80Sr 8.271 8.488 15.77
87 865 0.7712410.00005  0.7692370.00007 — 0.802 74 +0.000 06
eSr ¢ 232 184 30
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Nd 10-© 28.72 36.85 37.7
1479m 144Nd 0.100 4 0.104 1 0.1045
NG N 0.511955+0.000004  0.511972+0.000005  0.511 955+0.000 007
eNd ¢ -8.07 -7.94 -8.29
DM Ga 1.82 1.81 1.84
eNd ¢ €Sr ¢ 15r 12DM 1999 t=
428 Ma 143Nd 144Nd CHUR — 0.512 638 147Sm 144Nd CHUR — 0.196 7
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Fig. 8 Chondrite-normalized REE patterns of Caledonian
Miao' ershan granites chondrite data after Taylor

and Mclennan 1985

topMm 1.22~1.76 Ga
2005

Nd 1.81~1.84 Ga

Is
0.706 60~ 0.720 82 0.714 97
0.719 Ig Faure 1986 Nd
eNd ¢ = -8.29~-7.94
Lachlan S eNd ¢+ = -6.1 -
9.8 McCulloch and Chappell 1982 eNd ¢
—¢eSr ¢ S 9
C MF - A MF

10 C=CaO MF=MgO + FeO + 1.8 X Fe,O; A=
ALO;

Sr Nd

5.2
U-Pb

1962
1980

Piccoli 1989

Maniar



SHRIMP U-Pb 417
ok + VAG+ S-COLG "
“ WPC ” 12¢
Pearce
1984
2002
o o 100 200 30
&S1(1)
9 eNd ¢ —&Sr ¢
Fig. 9 eNd ¢ —€Sr ¢ diagram for Caledonian Miao'
ershan granites
I— I S— S 1990
I—I-type granite of South China S—S-type granite of South 1
China after Liu Changshi ez a/. 1990
i 2
U-Pb -
Ting
1929 2012
5.3
2
10 A MF-C MF
Alther 2000 5 2 -
Fig. 10 A MF - C MF diagram of Caledonian Miao' ershan 435.3 +
granites after Alther ez al. 2000 legends as for Fig. 5
2.7Ma 436.2*£3.1 Ma 2011
419 £ 6.4 Ma 2009
IAG + CAG + CCG 433.8+2.2 Ma 2008 431+7
POG 11 Ma 2010 430.5+4.3 Ma
IAG+ CAG+ CCG ASI 436.6+ 4.8 Ma 443.5£8.1 Ma
1.1 SP 2 1 LA-ICP-MS ~ SHRIMP U-
CCG 2002 Pb
Pearce 1984
“ S-COLG " *

411.0£4.5



418 33
17 60
IAGHCAGHCAG RRG+CEUG N AFM
& /
=)
E
2
I IAGH+CAGHCCG
. . RRGHCEUG 004 & 12z 16 20 24 28
70 72 74 76 78 80 w (Mgo) /nD
W (Si0y) %
=X
=10 60
*) RRG-+CEUG . ACF
= 0.9} A = sl RRG+CEUG A
3 J
+ = 40
g 08 & FEN)
s} e
< o0t "o ° &
= % ﬁ 20
= 0.6 < 10
g T = IAGHCAG +CCG
s IAGHCAGHCCG 0 ' : : : ' - -
— 0.5 L 1 L L 0 4 8 12 16 20 24 28
= 60 64 68 72 76 80
» ( Ca0) %
Ww(Si0) % AG0)
11 Maniar and Piccoli 1989
Fig. 11 Diagrams for discrimination of structural environment of Caledonian Miao ershan granites after Maniar and Piccoli 1989
IAG— RRG— CAG— CEUG— CCG—
POG— 5
IAG—island-arc granite RRG—granite related to rift CAG—continent-arc granite CEUG—continent emerging-uplift granite
CCG—continent-collision granite POG—post-orogenic granite legends as for Fig. 5
Ma SHRIMP U-PHL @
2012 Faure et al. 2009 Charvet et
al. 2010 Shuetal. 2013 Zhang et al. 2013
- 1
1988
- - 2010 419 ~ 389
Ma K-Ar

. 2013. 1:25




3 SHRIMP U-Pb 419
1000 S-COLG a I b
- . 1000
- E S-COLG
B oge WPG c .
X r o Qe
] X x
A - WPG
e 100 a
5 E s 100
~ C = -
2 > F
5 2 L
L = C
10 ORG L ORG
E VAG 10E VAG
1.0l L1l L1l 1 Ll Ll 1ol 1
1.0 10 100 1.0 10 100 1000
w(Tb+Ta)/10°° w(Y+Nb)/10°
100
- Y d
B 1000
10 .
A 3 % 100
N S F
£ 2 F
= 10 = L
C 10
01 E
F AN T T IEEETIN 1.0 L1l S ETEn| el I
0.1 1.0 10 100 10 100 1000
w(Yb)/10° w(Y)/10°
12 Pearce er al. 1984
Fig. 12 Trace element diagrams for discrimination of structural environment of Caledonian Miao' ershan granites
after Pearce et al. 1984
VAG— WPC— S-COLG— ORG— A-ORG— 5

VAG—volcanic-arc granite  WPG—intraplate granite S-COLG—syncollision granite ORG—ocean-ridge granite A-ORG—abnormal

2010
2007

2012

ocean-ridge granite legends as for Fig. 5

2000a 2000b

6

428.5+3.8 Ma

409



420

33

References

Alther R Holl A Hegner E et a/. 2000. High-potassium calc-alka-

line I-type plutonism in the European Variscides northern vosges
France and northern Schwarzwald Germany ] . Lithos 50 51
~73.

Bai Daoyuan Huang Jianzhong Liu Yaorong et al. 2005. Framework

of Mesozoic tectonic evolution in southeastern Hunan and the Hunan-
Guangdong-Jiangxi border area J . Geology in China 32 4 557
~570 in Chinese with English abstract .

Bai Daoyuan Huang Jianzhong Ma Tieqiu et al. 2006a. Geologiy and
geochemistry of the Silurian Penggongmiao granitic pluton ih the
Southeastern Hunan Province and its implication for tectonic setting

J . Geoscience 20 1 130 ~ 140 in Chinese with English ab-

stract .

Bai Daoyuan Jia Baohua Zhong Xiang ez al. 2012. Potential genesis

of the trending changes of Jinning Period and Caledonian structural
lineaments in middle-southern Hunan J . Journal of Geomechanics
18 2 165~177 in Chinese with English abstract .

Bai

Daoyuan Wang Xianhui Ma Tiegiu et al. 2006b. Characteristics

and forming mechanism of Indosinian folds in the southeast Hunan
J . Geology and Mineral Resources of South China 4 50~57
in Chinese with English abstract .

Charvet ] Shu LS Faure M et al. 2010. Structural development of
the Lower Paleozoic belt of South China Genesis of an intraconti-
nental orogen J . Journal of Asian Earth Sciences 39 309~330.

Chen Jiangfeng and Jiang Boming. 1999. Nd Sr Pb isotope traces and
evolution of continental crust of SE China A . Zheng Yongfei.
Chemical Geodynamics C . Beijing Science Press 262~ 287 in
Chinese with English abstract .

Chen Weifeng Chen Peirong Huang Hongye et al. 2007.
Geochronology and geochemistry of granites and their enclaves from
Baimashan pluton in Hunan J . Science in China Series D 37

7 873~893 in Chinese .

Chen X Zhang Y D Fan J X et al. 2012. Onset of the Kwangsian

Orogeny as evidenced by biofacies and lithofacies J . Science China

Earth Sciences 55 1 592 ~1 600 doi 10. 1007 s11430-012-
4490-4.

Chen Xiaoming Wang Rucheng Liu Changshi et al. 2002. Isotopic

dating and genesis for Fogang biotite granites of Conghua area

Guangdong province J . Geological Journal of China Universities 8

3 293~307 in Chinese with English abstract .

Chen Xu and Rong Jiayu. 1999. From biostratigraphy to tectonics—with
Ordovician and Silurian of south China as an example ] . Geo-
science 13 4 385~389 in Chinese with English abstract .

Cheng Shunbo Fu Jianming Ma Liyan et a/. 2013. Indosinian metal-
logentic activity in Yuechengling-Miaoershan area  northeastern
Guangxi implications from zircon U-Pb ages and Hf isotopic con-
straint on ore-forming granites in Youmaling and Jiepai deposits J .
Geology in China 49 4 1189~1201 in Chinese with English
abstract .

Cheng Shunbo Fu Jianming Pang Yingchun ez al. 2010. Zircon

SHRIMP U-Pb dating and geochemical characteristics of Haiyang-

shan pluton in northeast Guangxi J . Mineral Deposits 29 sup-
ple  1079~1080 in Chinese with English abstract .

Cheng Shunbo Fu Jianming Xu Deming e al. 2009. Zircon

SHRIMP U-Pb dating and geochemical characteristics of Daning

batholith in northeast Guangxi J . Geology in China 36 6 1278
~1 288 in Chinese with English abstract .

Chesner C A and Ettlinger A D. 1989. Composition of volcanic allanite
from the Toba Tuffs Sumatra Indonesia J . Am. Mineral. 74
750~758.

Compston W Williams I S and Kirschvink J L. 1992. Zircon U-Pb ages
of early Cambrian time-scale J . J. Geol. Soc. 149 171~184.

Ding Daogui  Guo Tonglou Liu Yunli et al. 2007. Structural attribute
of the Jiangnan-Xuefengshan belt China A discussion J . Geologi-
cal Bulletin of China 26 7 801~809 in Chinese with English ab-
stract .

Dostal and Chatterjee. 1995. Origin of topaz-bearing and related peralu-
minous granites of the Late Devonian Davis Lake psuton Nova Sco-
tia Canada crystal versus fluid fractionation J . Chemical Geolo-
gy 123 67~88.

Du Yuansheng and Xu Yajun. 2012. A preliminary study on Caledonian
Event in south China ] . Geological Science and Technology Infor-
mation 31 5 43~49 in Chinese with English abstract .

Fang Shiyi. 2012. Control of hydraulic pressure cracking on multiphase
metallogenesis of vein shape granite-type uranium deposit in Miaoer-
shan orefield J . World Nuclear Geoscience 29 1 9~15 in Chi-
nese with English abstract .

Faure G. 1986. Principles of Isotope Geology M . New Yord John
Wiley and Sons  567.

Faure M ShuL S Wang B ez al. 2009. Intracontinental subduction
a possible mechanism for the Early Palaeozoic Orogen of SE China

J . Terre Nova 21 360~368.

Frost BR Barnes C G and Collins W J. 2001. A geochemical classifica-

tion for granitic rocks J . Journal of Petrology 42 11 2033~

2048.



SHRIMP U-Pb 421

Fu Jianming Ma Changgian Xie Caifu et a/. 2004. SHRIMP U-Pb

zircon dating of the Jiuyishan composite granite in Hunan and its geo-

logical significance ] . Geotectonica et Metallogenia 28 4 370~
378 in Chinese with English abstract .

Hao Yi Li Sanzhong Jin Chong et al/. 2010. Galedonian structural

characteristics and mechanism in Hunan-Jiangxi-Guangxi provinces

J . Geotectonica et Metallogenia 34 2 166 ~ 180 in Chinese

with English abstract .

Hong D W Xie X L and Zhang J S. 1998. Isotope geochemistry of
granitoids in South China and their metallogeny J . Res. Geol.
48 251~263.

Hu Zhaoqi Zhu Guang Zhang Bilong et al. 2010. K-Ar Geochronolo-
gy of the Caledonian Event in the Xuefeng uplift J . Geological Re-
view 56 4  490~500 in Chinese with English abstract .

Hunan Bureau of Geology and Mineral Resources. 1988. Regional Geolo-
gy of Hunan Province M . Bejing Geological Publishing House in
Chinese .

Jian Ping Liu Dunyi and Sun Xianmeng. 2003. SHRIMP dating of carbonif-
erous Jinshajiang ophiosite in western Yunnan and Sichuan geochronolog-
ical constraints on the evolution of the Palaeco-Tethys oceanic crust J .
Acta Geologica Sinica 77 2 217~ 228 in Chinese with English ab-
stract .

Kang Ruhua. 2000. Ductile shear zone and gold mineralization in Miao-
ershan Hunan J . Gold Geology 6 4  23~27 in Chinese with
English abstract .

Li Wuwei Chen Weifeng and Zhu Kangren. 2011. Geochemical charac-
teristics and genesis of Mesozoic acid dikes in Miaoershan are J . U-
ranium Geology 27 6 337 ~ 344 in Chinese with English ab-
stract .

Liu Changshi Zhu Jinchu Shen Weizhou et a/. 1990. Classification

and source materials of continental crust transformation series grani-

toids in south China ] . Acta Geol Sinica 64 1 43~52 in Chi-
nese with English abstract .

Lu Huafu. 1962. The discovery of angular uncomformity in Predevonian
stratum in Chongyu area shou Jiangxi and its significance ] . Jour-
nal of Nanjing University Geology 1  75~87 in Chinese with
English abstract .

Ludwig K R. 1999. Using Isoplot EX version 2 a Geolocronolgical
Toolkit for Microsoft Excel J . Berkeley Geochronological Center
Special Publication 1a 47.

Ludwig K R. 2001. Squid 1.02 A User Manual ] . Berkeley
Geochronological Center Special Publication 2~19.

Maniar P D and Piccoli P M. 1989. Tectonic discrimination of granitoids

J . Geol. Soc. Am. Bull. 101 635~643.
McCulloch M T and Chappell B W. 1982. Nd isotopic characteristics of

S-type and I-type granites J . Earth Planet Sci. Lett. 58 1 51

~64.

Mittlefehldt D W and Miller C F. 1983. Geochemistry of the sweetwater
wash pluton California Implications for ” anomalous” trace element
behavior during differentiation of felsic magmas J . Geochemi. Cos-
mochim. Acta 47 109~124.

Mo Zhusun  Ye Bodan and Pan Weizu. 1980. Geology of Granite in
Nanling Range M . Bejing Geological Publishing House in Chi-
nese .

Ni Yanjun Chen Bihe Chen Wenbin et al. 2009. The finding and

prospecting signification of the new style scheelite deposit in Miaoer-

shan Hunan Province J . Geology and Mineral Resources of South

China 3 37~42 in Chinese with English abstract .

Pearce ] A Harris N B W and Tindle A G. 1984. Trace element dis-
crimination diagrams for the tectonic interpretation of granitic rocks

J . J. Petrol. 254 956~983.

Peccerillo A and Taylor S R. 1976. Geochemistry of Eocene calc-alkaline
volcanic rocks from the Kastamonu area northern Turkey J . Con-
trib Mineral Petrol 58 1 63~81.

Pei R F and Hong D W. 1995. The granites of south China and their e-
tallogeny J . Episodes 18 77~82.

Rong ] Y and Zhan R B. 2006. Surviving the end-Ordovician extinc-
tions evidence from the earliest Silurian brachiopods of northeastern
Jiangxi and western Zhejiang provinces East China J . Lethaia 39

1 39~48.

Shen Weizhou Zhang Fangrong Shu Liangshu et al/. 2008. Forma-
tion age geochemical characteristics of the Ninggang granite body in
Jiangxi Province and its tectonic significance J . Petrologica Sinica
24 10 2244~2254 in Chinese with English abstract .

Shu LS Jahn BM Charvet ] et al. 2013. Intraplate tectono-magma-
tism in the Cathaysia block South China  evidence from strati-
graphic structural geochemical and geochronological investigations

J . American Journal of Science Doi 10.2475 01.2014.00.

Shu Liangshu  Yu Jinhai Jia Dong et al. 2008. Early Paleozoic oro-
genic belt in the eastern segment of South China J . Geological Bul-
letin of China 27 10 1581 ~1 593 in Chinese with English ab-
stract .

Shu Liangshu. 2012. An analysis of primcipal features of tectonic evolu-
tion in South China Block J . Geological Bulletin of China 31 7
1035~1053 in Chinese with English abstract .

Sun S S and McDonough W F. 1989. Chemical and isotopic systematics
of oceanic basalts implication for mantle composition and process

A . Saunders A D and Norry M J. Magmatism in the Ocean Basins
C . Geol. Soc. Spec. Pub. London 42 313~345.
Sylvester P J. 1998. Post-collisional strongly peraluminous granites J .

Lithos 45 29~44.
Taylor S R and Mclennan S M. 1985. The Continental Crust Its Com-



422

33

position and Evolution M . Oxford Blackwell 1~312.

Ting V K. 1929. The orogenic movements in China ] . Bulletin of Ge-
ological Society of China 8 2 151~170.

Webb P C Tindle A G and Barritt SD. 1985. Radiothermal granites of
the United Kingdom comparison of fractionation patterns and varia-
tion of heat production for selected granites A . Inst. Min. Metall.
High Heat Production HHP Granites Hydrotheral Circulation and
Ore Genesis C . 409~424.

Williams I S and Claesson S. 1987. Isotope evidence for the Precambrian
province and Caledonian metamorphism of high grade paragneiss from the
Seve Nappes Scandinavian Caledonides [I. Ion microporbe zircon U-Th-
Pb J . Contrib. Mineral. Petrol. 97 205~217.

Wu Haoruo. 2000a. Re-interpretation of Guangxi Movement J . Chi-
nese Sci. Bull. 45 5 555~558 in Chinese .

‘Wu Haoruo. 2000b. A discussion on the tectonic palacogeography related

. Journal of Palaeo-

82~88 in Chinese with English abstract .

Wu] LiangHY Huang W T eral. 2012. Indosinian isotope ages of

to the Caledonian movement in Guangxi ]

geography 2 1

plutons and deposits in southwestern Miaoershan-Yuechengling

northeastern Guangxi and implications on Indosinian mineralization in
South China J . Chin. Sci. Bull. 57 1024~1035 doi 10.
1007 s11434-011-4968-z.

Xiao Qinghui  Deng Jinfu and Ma Daquan. 2002. The Ways of Investi-
gation on Granitoids M . Bejing Geological Publishing House 21
~36 in Chinese .

Xu Deru Chen Guanghao Xia Bin et al/. 2006. The Caledonian

adakite-like granodiorites in Banshanpu area eastern Hunan

province South China petrogenesis and geological significance ] .

Journal of China Universities 12 4 507 ~ 521 in Chinese with
English abstract .

Xu Weihang and Zhang Yunhong. 1993. Study on strontium oxygen
neodymium and lead isotopes of Mt. Miaoershan granite batholith in
south China ] . Guangxi Geology 6 1 15~22 in Chinese with
English abstract .

Yu Kaifu and Wang Shoude. 1995. Duyun movement in south Guizhou
Province and its paleostructure and their significance in petroleum
geology J . Guizhou Geology 12 3 225~232 in Chinese with
English abstract .

Zen E. 1986. Aluminum enrichment in silicate melts by fractional crys-
tallization some mineralogic and petrologic constraints J . Journal
of Petrology 27 1095~1117.

Zhang Fangrong Shu Liangshu Wang Dezi et al. 2009. Discussions

on the tectonic setting of Caledonian granitoids in the eastern seg-

ment of south China J . Earth Science Frontiers 16 1 248~260

in Chinese with English abstract .

Zhang GW Guo AL Wang Y] etal. 2013. Tectonics of South Chi-

na Continent and its implications ] . Science in China Earth Sci-
ences 56 11
Zhang Wenlan Wang Rucheng Lei Zeheng et al. 2011. Zircon U-Pb

1804~1 828.

dating confirms existence of a Caledonian scheelite-bearing aplitic
vein in the Penggongmiao granite batholith South Hunan J . Chi-
nese Sci. Bull.
Zhang Y Shu L Sand Chen X Y. 2011. Geochemistry geochronology

56 doi 10.1007 s11434-011-4526-8.

and petro-genesis of the early Paleozoic granitic plutons in the cen-
tral-southern Jiangxi Province China ] . Sci. China Earth Sci.

doi 10.1007 s11430-011-4249-3.

Zhou Xinmin. 2003. My thinking about granite geneses of south China

J . Geological Journal of China Universities 9 4  556~565 in
Chinese with English abstract .
. 2005.
7. 32 4 557~570.
. 2006a.
J. 20 1 130
~140.
. 2012.
] 182 165~177.
. 2006b.
I 4 50~57.
. 1999. —_—
] 13 4 385~389.
. 2012.
J. 42 11 1617~1626.
. 1999. Nd Sr Pb
A . . C.
262~287.
. 2007.
J D
377 873~893.
. 2002.
J. 83 293~307.
. 2013. -
U-Pb
Hf J. 49 4 1189~1201.
. 2010.
SHRIMP U-Pb ] 29
1079~1080.
. 2009. SHRIMP
J. 36 6 1278~1288.



3 SHRIMP U-Pb 423
. 2007. - I 24 10 2244~
I 26 7 801—~809. 2254.
. 2012. J . 31 . 2008.
5 43—49. I 27 10 1581~1593.
. 2012. . 2012. J . 317
1. 291 9~15. 1035~1053.
. 2004. . 2000a. J . 45 5 555~
SHRIMP ] 28 558.
4 370—378. . 2000b. ] 21
. 2010. 82~88.
J. 34 2 166—180. . 2012. -
. 2010. K- ] 57
Ar J. 56 4 490~500. 13 1126—~1136.
. 1988. M . . 2002. M .
21~36.
. 2003. . 1993.
SHRIMP 1. J. 61 15-22.
77 2 217~228. . 2006.
. 2000. J. 6 J. 12 4
4 23-27. 507~521.
. 2011. . 1995.
I 27 6 - 337-344. J. 12 3 225~232.
. 1990. . 2011.
J 64 1 43~52. — J.
. 1962. 41 8 1061~1079.
'Q 1 75~87. . 2009.
. 1980. M . 1. 16 1 248~260.
. 2011.
. 2009. 1. 56 18 1448~1454.
J. 3 37—42. . 2003. 1. 9
. 2008. 4 556—565.



