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Magmatism, genesis and significance of multi-stage porphyry-like granite
in the giant Dahutang tungsten deposit, northern Jiangxi Province
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Abstract: The Dahutang tungsten-copper deposit, located in the east of the Jiuling polymetallic ore concentration
area of Jiangnan orogenic belt, is one of the largest tungsten deposits in the world. The Yanshanian granites in this
area have various lithologies, and there are still disputes and deficiencies in the study of magmatic succession and

source characteristics. Two phases of porphyritic granitic magmatism have been found in this area, which are por-
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phyry biotite-like granite (150.0 Ma) in Shimensi ( northern area) and porphyry muscovite-like granite (144.2 Ma)
in Shiweidong ( southern area). The authors discovered porphyritic two-mica granite in the southern area and car-
ried out detailed U-Pb dating of monazite and zircon as well as petrogeochemical and Hf isotopic study of zircon.
The crystallization ages of zircons and monazites are 130.0 ~128. 6 Ma and 128. 3 Ma, respectively, indicating that
the porphyritic two-mica granite in the southern area was formed in the early Cretaceous and resulted from the third
stage porphyritic magmatism in this area. Petrogeochemical characteristics show that the third stage porphyry-like
granites are S-type granites with high potassium as well as calc-alkaline content and the second stage porphyry-like
granites in the southern area have similar geochemical characteristics. The peraluminous degree of porphyritic gran-
ite in southern area (A/CNK =1.16 ~1.24) is higher than that of the northern area. The total REE content of
rocks in the south and north areas are low, and there are obvious negative Eu anomalies. The fractionation of light
and heavy rare earth elements in the north area| (La/Yb) y =11.17 ~26.67] is more significant than that in the
south area [ (La/Yb) y =7.72 ~19.0]. The values of £ Hf(¢) in the southern and northern sections are —7.31 ~
0.58 and —8.6 ~ —3.1 respectively, indicating that porphyry granites were mainly derived from the remelting of
the ancient lower crust, with the addition of a small amount of new materials. The lower CaO/Na, O ratio indicates
that the source rock of the Shiweidong porphyry granite is more muddy than that of the Shimensi. Comprehensive re-
search shows that the porphyritic granite in the south and north of Dahutang is the product of at least three stages of
magmatism, which was formed by evolution after the partial melting of the muddy or argillaceous sandstones in the
Shuangqgiaoshan Group in the post-orogenic extension environment. This study enriches and improves the magmatic
sequence and genetic significance of porphyritic granites in the Dahutang area.

Key words: U-Pb dating of monazite and zircon; petrogeochemistry; zircon Hf isotopes; multi-stage porphyry-like
granite; Dahutang tungsten deposit
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Fig. 1

Location and tectonic setting (a, modified after Yang Minggui et al. , 2004) and geological sketch map

(b, modified after Xiang Xinkui et al. , 2012a; Zuo Quanshi et al. , 2014) of the Dahutang area
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Fig.2  Geological map of the Shiweidong ore deposit ( modified after Jiang Shaoyong et al. , 2015)

AU FERE R BRI X 3 A AL
ZK0-15.ZK1-13 .ZK5-8, ‘5 PER N RLBEAR — 2= BEAR 4
FHOE 3, AA R A A, RBER G, Yok iiE, m
BEEh( ~55% ) FEE T C ~45% ) 4. BEdh L8N
FIEC40% ~45% ) KA (30% ~35% ) FIH KA
(20% ~25% ). Mo, 798 B, e B RCR, R
123 ~8 mm; RHC A 2K, BCIRBORDIR, Fift 2 ~
4 mm; B RER A, SRR N, RO E
FEBAIR, KidR 1 ~2 mmo L5 EAT I X 45 Hy, T8
HAT9E(30% ~35% ) RHKEAT(20% ~25% ) Hi K
FC15% ~20% )~ A= BEC15% ~20% ) Jo 2= B
C~15% ) e A7 985 BE A 147 B 28400, Rifs 1

mm ZiA7 s FHCA B EIERRR, R R 0.5 ~ 1
mm; B AT B R L0, IR RLR, RifR 0.5 ~ 1
mm; 1B R [, 85 50K, K/ 0.5 ~1 mm; B =
RER A, FOR, K/ 0.5 ~1 mme B #C <2%)
TR B A B A IR A S RO
i, b AR AR 55, O ILBRE it B SR A 1 s REASAR

2 M Tk
FET 85 45 R AT U-Ph [ A7 248 4% 22900 52 119

AR — 2 BEAE 54 5 CHS A FE i 16K,-G, 16K, -G
B FEATFE S 16K, -G1 ) 285 B V7 35 AT PR R 55



322 38 4

1000 pm

3 DRI AREIR — = BHE R T FnAS b i i A
Fig.3  Photos and microphotographs of the Shiweidong porphyritic two-mica granite
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a, b—photos of the Shiweidong porphyritic two-mica granite, the porphyritic structure of rocks is obvious, the main phenocrysts are quartz, plagioclase
and potassium feldspar, the matrix is quartz, biotite, muscovite, etc; ¢, d—microphotographs of the Shiweidong porphyritic two-mica granite ( crossed
nicols), matrix filling phenocryst gap, and potassium feldspar partially metasomatized by muscovite; e, f—microphotographs of the Shiweidong por-
phyritic two-mica granite (reflected light), chalcopyrite, molybdenite and pyrite mostly filling the interstitial space of mineral particles, with a small
amount of metasomatic minerals; Pl—plagioklas; Bi—biotite; Ms—muscovite; Q—quartz; Kfs—potassium feldspar; Ccp—chalcopyrite; Py—pyrite;
Mo—molybdenite
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Fig. 4 Cathodoluminescence ( CL) images of zircons from porphyritic two-mica granite in Shiweidong ( The solid circle

represents the U-Pb age test point, and the dotted circle represents the Lu-Hf isotope test point)
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Table 1 Trace element in-situ LA-ICP-MS data of zircon in the Shiweidong porphyritic two-mica granite
(La/ LREE/
RS La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu 8Eu &Ce SREE
Yb)x HREE

16K,-G ULBEIR = 2= FEAE
1 8.63 21.00  2.04 9.50 13.30  0.69 70.4  56.9 830 294 1295 296 2652 371 0.06 1.17 0.00 0.0l 5920.52
2 232 8.35 0.97 6.18 6.84 0.34 30.6  28.9 424 151 713 191 1972 301 0.06 1.34 0.00 0.0l 3837.26
3 0.84 5.74 1.00 8.84 15.60  0.71 62.0 49.1 746 271 1223 283 2610 367 0.06 1.30 0.00 0.01 5644.42
4 10.60 27.50  3.03 16.70  18.70  0.87 77.3  59.0 893 312 1324 306 2779 392 0.06 1.15 0.00 0.0l 6219.39
6 411 18.20  2.54 13.40  9.23 0.54 41.2  26.4 368 138 650 180 1746 261 0.07 1.32 0.00 0.01 3458.28
7 939.00 1712.00 203.00 793.00 176.00  2.86  234.0 84.1 1006 359 1511 370 3212 467 0.04 0.90 0.20 0.53 11 067.35
9 0.19 1.26 0.20 3.23 13.30  0.53 85.5 60.0 843 307 1319 314 2753 381 0.04 1.37 0.00 0.00 6081.51
10 8 063.00 14 589.00 1597.00 6471.00 1360.00 13.90 1091.0 167.0 1193 339 1318 286 2555 345 0.03 0.92 2.13 4.40 39 386.77
12 1.00 5.94 1.26 9.08 17.50  0.67  101.00 64.1 910 336 1467 354 3194 458 0.04 1.08 0.00 0.01 6918.06
17 0.58 2.74 0.74 8.78 18.8 0.73 124 78.9 1127 415 1834 442 398 572 0.03 0.85 0.00 0.00 8 611.49
19 0.00 1.08 0.05 1.76 7.36 0.16 52.0 25.8 313 112 482 113 1056 160 0.02 7.05 0.00 0.00 2 324.40
21 992.00 1869.00 225.00 969.00 211.00  2.19  198.00 45.1 418 136 558 128 1142 168 0.03 0.92 0.59 1.53 7062.39
22 5.76 23.40  4.12 23.30  21.40  0.88 53.90 27.5 338 116 526 145 1539 233 0.08 1.11 0.00 0.03 3 057.62
25 3.10 19.30  3.04 18.50  24.40  0.97  104.00 59.3 820 288 1228 296 2617 356 0.05 1.37 0.00 0.01 5837.18
16K,,-G UBER — ZBHER %
5 0.45 3.91 0.56 4.03 4.51 0.46 23.8 16.7 212 79.0 324 81 755 105 0.11 1.61 0.00 0.01 1611.09
6 1114.00 1985.00 231.00 958.00 174.00  3.08 165.0 36.4 340 109 433 91 870 116 0.05 0.90 0.86 2.07 6 625.67
7 52,30 103.00  9.73 40.20  17.30  0.75 63.7 31.5 387 142 592 162 1424 213 0.06 1.03 0.02 0.07 3239.30
8  0.02 0.91 0.06 1.44 7.51 0.30 55.0  28.0 352 125 523 122 1139 168 0.03 4.25 0.00 0.00 2522.31
12 0.08 5.29 0.46 3.84 8.84 0.54 44.7 17.6 192 60 248 56 523 76 0.07 3.26 0.00 0.02 1235.74
13 0.00 1.05 0.07 1.99 8.61 0.27 54.9  23.1 259 90 384 90 825 123 0.03 4.54 0.00 0.01 1862.11
14 0.58 3.43 0.19 1.62 6.73 0.39 64.2 40.2 506 174 715 170 1583 226 0.04 2.48 0.00 0.00 3 490.72
16 0.04 0.64 0.07 1.45 6.10 0.42 46.6  26.4 318 110 473 114 1009 150 0.05 2.26 0.00 0.00 2 255.30
21 0.04 4.10 0.10 1.99 7.32 0.58 49.9  21.7 258 89 359 80 723 114 0.07 10.78 0.00 0.01 1709.13
22 0.30 2.97 0.15 1.74 4.40 0.31 33.7 17.5 233 84 354 83 788 112 0.06 3.40 0.00 0.01 1714.77
23 193.00 321.00 39.80  174.00  55.80 1.00 139.0 68.0 884 303 1310 302 2721 359 0.03 0.84 0.05 0.13 6870.51
25 0.01 0.41 0.02 0.74 4.13 0.12 37.6  25.1 343 130 566 142 1413 193 0.02 4.38 0.00 0.00 2 853.56
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Fig.5 Standardized partition curve of zircon REE from

porphyritic two-mica granite in Shiweidong ( after Boynton,

1984 )
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Fig. 6 Concordia diagrams showing zircon U-Pb data of the Shiweidong porphyritic two-mica granite
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Fig. 7 Cathodoluminescence ( CL) images of monazites from porphyritic two-mica granite in Shiweidong
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x4 MEAUHR-ZBENEERE(w,/ %) HEMABLTE (W, /10 OERRBXSH
Table 4 Major(w,/% ), trace and rare earth element(w,/10 “°) content and related geochenical parameters of the

Shiweidong porphyritic two-mica granite

e 16K,-H,  16K,-H, 16K,-H, 16K, -H, 16K,-H, 16K, -H, 16K, -H, 16K, -H, 16K,-H, 16K,,-H,

Si0, 72.94 73.58 72.83 74.39 73.98 73.65 74.59 74.51 74.24 73.84
TiO, 0.11 0.11 0.10 0.11 0.11 0.11 0.12 0.11 0.11 0.12
Al, 05 14.98 14.67 15.03 14.17 14.51 14.62 14.12 14.10 14.47 14.40
Fe, 05" 1.06 1.08 1.12 1.03 1.00 1.00 1.02 1.05 0.97 1.16
MgO 0.28 0.29 0.29 0.26 0.25 0.28 0.25 0.25 0.23 0.27
MnO 0.05 0.06 0.06 0.05 0.05 0.05 0.05 0.05 0.06 0.08
CaO 0.67 0.71 0.72 0.74 0.71 0.69 0.72 0.75 0.80 0.79
Na, O 3.90 3.61 3.71 3.57 3.63 3.63 3.66 3.46 3.54 3.57
K,0 4.80 4.51 4.78 4.48 4.56 4.80 4.24 4.41 4.13 4.28
P,05 0.25 0.26 0.26 0.23 0.23 0.23 0.22 0.23 0.30 0.31
N 0.87 1.04 1.02 0.88 0.89 0.91 0.91 1.00 1.10 1.10
Total 99.90 99.91 99.92 99.92 99.93 99.96 99.91 99.92 99.94 99.92
A/CNK 1.17 1.21 1.19 1.17 1.19 1.18 1.18 1.19 1.23 1.20
La 11.00 10. 60 11.80 11.50 10.70 10.70 11.40 10. 80 10. 50 11.10
Ce 22.80 20.50 23.80 23.20 20.80 21.10 22.40 21.40 20.10 22.10
Pr 2.58 2.61 2.96 2.74 2.61 2.57 2.78 2.55 2.56 2.71
Nd 10.10 9.17 10.30 9.79 9.41 9.11 10.10 9.20 9.03 9.61
Sm 2.25 2.13 2.49 2.32 2.16 2.24 2.53 2.11 2.14 2.16
Eu 0.32 0.28 0.30 0.26 0.28 0.30 0.26 0.26 0.24 0.24
Gd 1.91 1.80 2.05 2.06 1.88 1.91 2.13 1.85 1.81 1.95
Th 0.40 0.38 0.42 0.44 0.40 0.41 0.47 0.40 0.39 0.41
Dy 2.10 1.94 2.17 2.23 2.06 2.08 2.46 2.01 1.99 2.05
Ho 0.35 0.33 0.35 0.38 0.36 0.35 0.41 0.34 0.34 0.35
Er 0.91 0.834 0.92 0.98 0.93 0.93 1.05 0.92 0.85 0.94
Tm 015 0.14 0.15 0.16 0.16 0.15 0.18 0.15 0.15 0.15
Yb 0.89 0.85 0.86 0.97 0.94 0.86 1.00 0.88 0.82 0.94
Lu 0.11 0.11 0.11 0.12 0.12 0.11 0.13 0.11 0.11 0.12
Y 11.70 11.10 11.80 12.20 11.80 11.30 13.60 11.60 11.50 12.10
SREE 55.86 51.69 58.67 57.15 52.79 52.83 57.30 52.98 51.02 54.83
LREE 49.05 45.29 51.65 49.81 45.96 46.02 49.47 46.32 44.57 47.92
HREE 6.82 6.40 7.02 7.34 6.83 6.81 7.83 6.66 6.45 6.90
LREE/HREE  7.20 7.08 7.36 6.79 6.73 6.76 6.32 6.96 6.91 6.94
(La/Yb) y 8.32 8.44 9.29 8.00 7.72 8.40 7.72 8.26 8.69 7.94
Eu/Eu” 0.46 0.43 0.39 0.36 0.41 0.43 0.33 0.40 0.36 0.36
Li 204.00 250.00 260. 00 155.00 142.00 143.00 170. 00 181.00 434.00 403.00
Be 23.00 26.20 44.90 19.50 18.30 18.20 16.70 21.20 19.60 22.70
Se 3.06 3.61 3.07 3.01 2.69 2.73 3.41 2.99 3.22 3.23
Vv 6.95 6.07 6.06 6.74 5.64 6.70 6.66 6.26 5.81 6.53
Cr 3.51 5.15 6.66 8.07 4.60 7.80 7.97 4.46 5.47 4.81
Co 1.21 1.13 1.38 1.13 1.04 1.00 1.15 1.16 0.97 1.25
Ni 3.09 3.27 4.57 3.56 2.79 6.79 5.37 3.45 3.94 3.57
Cu 3.54 3.52 8.41 2.27 2.09 5.45 3.16 6.59 350.00 395.00
Zn 52.70 58.80 66.70 46.20 47.80 46.00 60. 80 45.90 74.10 84.70
Ga 21.70 22.40 23.50 21.00 20.20 19.90 21.60 21.40 21.90 23.10
Rb 460. 00 484.00 543.00 372.00 368. 00 384.00 377.00 405.00 488.00 536.00
Sr 45.70 40.60 46.00 45.00 48.40 45.40 45.50 42.00 30.70 39.20
Zr 62.10 53.20 54.50 57.60 58.60 52.60 63.40 58.20 53.40 61.10
Nb 14.90 18.10 18.60 13.70 12.10 12.70 15.20 13.40 16.60 17.40
Mo 0.15 0.14 0.27 0.27 0.19 0.41 0.43 0.29 2.73 4.68
Cd 0.06 0.07 0.09 0.06 0.07 0.08 0.08 0.07 0.14 0.13

In 0.18 0.27 0.27 0.12 0.14 0.15 0.16 0.17 0.27 0.28
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Continued Table 4
FeR4ms  16K,-H,  16K,-H,  16K,-H, 16K, -H, 16K,-H, 16K, -H, 16K, -H, 16K,-H; 16K,-H, 16K,,-H,
Cs 183.00 225.00 190. 00 135.00 148.00 140.00 147.00 197.00 437.00 481.00
Ba 141.00 120.00 140.00 99.40 108.00 130.00 84.30 99.50 82.20 94.40
Hf 2.31 2.14 2.13 2.18 2.22 2.02 2.30 2.18 2.06 2.30
Ta 6.36 8.87 7.90 5.12 4.22 4.24 3.70 4.25 5.99 6.22
\% 6.42 28.60 7.84 17.10 5.40 4.98 2.66 9.31 17.30 52.50
Tl 2.56 2.60 2.86 1.88 1.87 1.91 2.03 1.98 2.63 3.02
Pb 32.00 28.50 35.20 31.90 31.60 31.40 28.30 29.70 23.70 26.60
Bi 5.44 3.99 4.16 8.94 5.01 7.17 4.36 10.70 7.99 8.71
Th 8.25 7.70 8.59 8.00 7.69 7.36 8.04 7.58 7.60 8.56
U 20.20 21.30 23.30 24.60 27.60 22.00 23.60 21.00 27.40 19.90
Sh 0.04 0.05 0.10 0.05 0.04 0.05 0.04 0.04 0.07 0.06
Rb/Sr 18.25 19.51 23.95 22.11 18.70 19.60 23.14 20.64 23.99 22.35
Rb/Ba 0.39 0.36 0.31 0.31 0.36 0.34 0.27 0.34 0.29 0.31
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Fig.9 TAS diagram Ca, after Middlemost, 1994) , K,O — SiO, diagram (b, after Le Maitre et al. , 1989) and A/NK — A/CNK
diagram (¢, after Rollinson, 1993) for the porphyritic granite in Dahutang
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Fig. 10  Chondrite-normalized REE patterns(a) and primitive mantle-normalized trace element spidergrams(h) for the Dahutang

porphyritic granite
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normalized values for chondrite after Boynton(1984); primitive mantle after McDonough and Sun(1995)

RHE A Nb S84 5.6x107° ~16 x 10°°, Rb/Sr
A 5.1 ~17. 2 CHUH 2848, 2012; 52 (£ W] %,
2016)  HEMRSKUL, AL X A AR Ny 77 75
AliE Rb/Sr Rfik, BT DALBEIR B 2= BEAE 5 5 Ak
DXALBEAR T 2 REA B 25 5 1 X {ABER 2 BRI
Nb A 3 2, Rb/Sr AH 3 & o
3.4 50 Bf RIR4FE

P AR — 2 BEAE 5 0 A 5 (1) 85 A Lu-HE
[N AT 4l IR 5o T &, wiAFI R T AL BE
R BB A AR (16K,-G, 16K ,-G ) 118 A 4]
4"OHE /TTHE AERR 3, /T 0. 282 488 ~0.282 730
Z 18], $I4E 9 0. 282 5705 LLAH X W 1 45 F 43 Br A
(127 Ph/ 2 Pb AF I AE TH 5, 15 eHECO{H R - 7. 31
~0.58, 4 KZ BN T -2.24, 1H K — 4. 56; Hf 7]
i ge B BB AR W Crpyy ) 2246 T 1 652, 65 ~
1 147.41 Ma 2 [], ¥{H 4 1 475. 88 Ma.
4 g
4.1 MEFRREEXEEX

DRI Hh D L AR A A R 2, R B
HAMBERIE KA A S BREE R B o R A &
T6 B 27 AN [ Rh SS () T8 1 20 Fe ) 2 1 8Ok B X
Aoy R ZRE PR, A RN IR L G . H A i

DX HE LU 12 T T R AR W A — R BIAE 5T, AR
£5(2006a, 2006b ) il ik B 2 BF K-Ar [F] 47 2 W 4 15
WA BE e LA S AR O 150 ~ 134 Ma, FEH %
Ly F 0 ) R SR s b R 2 B L LB 3 MR
HHIK; Song 45 (2018) I\ A IR e L A RAEH 5
BTV FH 32 R A AE P AN I 30, B G o 2 A1 (2 153
~147 Ma) FIMGE PR 2 4 B 2 (2 146 ~ 130
Ma) o f 155 ol 2 U) AR OC BB AR A 54 75, 7R
DA TS R T DX 52 0 28 R (2016
R A AT LA-ICP-MS U-Pb & 4F J7 ¥ I 7531k X 1L
BER B 2= BEAE B (R A TE R 4 150.0 £0.7 Ma, X
— A LU AT A [, A M R B AR R A
P R R EE(2012) WL B A7 U-Ph @ AE RS M X
ABEIR 1 2 BEE B2 I A 68 R 144.2 1.3 Ma.
T AR SO g X ABLVBE IR — 25 REAE i 7 20 Sl O e 1 s 4
FME A7 LA-ICP-MS U-Pb &4 TAE, PiHABREIR —
= B A B A I R A A AR 430 h 130.0 2.2
Ma F1128.6 +2.3 Ma, 55z 41 U-Pb & 445 H 1) 45
H(128.3 £1.7 Ma) AW &, ¥ITE 128 Ma Aifi, X
— AR TALBER = = R A B A SRR B
BT A, B T DL B R BE s REAE B R AR
BOIR = BEAE A 2R AE I I ). X — 25 %
B, DR 30 b DX ABLBRE R AR 1) 5 A 3 Ll & /A 3 0,
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Table 5 Lu-Hf isotopic data of the Shiweidong porphyritic two-mica granite

KT s t/Ma 70 Yb/ ' HE 20 176 Lu/ VT HE 20 76 {177 HE 20 e HI(0) gH(t) 20 tpw/Ma tpp/Ma  f

16K,-G,-1 134 0.158 994 0.000 740 0.004 716 0.000 051 0.282 618 0.000 035 -5.44 -2.91 1.22 995.22 1373.70 -0.86
16K,-G,-2 132 0.088 419 0.000 637 0.002 626 0.000 027 0.282 536 0.000 018 -8.34 -5.67 0.63 1058.09 1547.81 -0.92
16K,-G;-3 129 0.160 776 0.001 075 0.004 681 0.000 051 0.282 595 0.000 028 -6.25 -3.82 0.97 1030.11 1427.49 -0.86
16K,-G,4 126 0.187 964 0.001 326 0.005 840 0.000 042 0.282 527 0.000 032 -8.65 -6.37 1.14 1175.65 1586.52 -0.82
16K,-G,;-5 130 0.132 690 0.000 544 0.003 856 0.000 034 0.282 627 0.000 024 -5.13 -2.61 0.83 957.60 1351.73 -0.88
16K,-G,-6 134 0.077 715 0.000 217 0.002 294 0.000 006 0.282 551 0.000 017 -7.82 -5.09 0.60 1027.30 1512.34 -0.93
16K,-G,-7 133 0.050 390 0.000 562 0.001 623 0.000 027 0.282 592 0.000 025 -6.38 -3.60 0.90 950.21 1417.40 -0.95
16K,-G,-8 133 0.157 849 0.000 261 0.004 306 0.000 003 0.282 595 0.000 023 -6.27 -3.73 0.80 1019.63 1424.81 -0.87
16K,-G;9 129 0.135 003 0.000 834 0.003 649 0.000 004 0.282 573 0.000 026 -7.05 -4.53 0.91 1033.82 1472.72 -0.89
16K,-G,-10 126  0.067 203 0.000 215 0.002 004 0.000 009 0.282 553 0.000 026 -7.74 -5.15 0.90 1015.97 1510.26 -0.94
16K,-G,-11 125 0.132 079 0.000 781 0.004 090 0.000 032 0.282 517 0.000 027 -9.03 -6.63 0.94 1132.88 1602.80 -0.88
16K,-G,-12 128 0.136 171 0.000 474 0.003 719 0.000 030 0.282 638 0.000 026 -4.74 -2.24 0.94 936.84 1326.78 -0.89
16K,-G,-13 125 0.177 106 0.001 354 0.005 209 0.000 073 0.282 561 0.000 026 -7.46 -5.15 0.92 1100.39 1508.53 -0.84
16K,-G,-14 136 0.166 795 0.001 216 0.004 853 0.000 062 0.282 554 0.000 031 -7.70 -5.15 1.09 1099.26 1516.96 -0.85
16K,,-G-1 134 0.041 079 0.002 081 0.001 235 0.000 053 0.282 559 0.000 025 -7.55 -4.72 0.87 987.27 1489.21 -0.96
16K,,-G-2 127 0.021 863 0.000 393 0.000 754 0.000 013 0.282 543 0.000 025 -8.10 -5.38 0.88 996.76 1526.27 -0.98
16K;,-G-3 126 0.057 581 0.000 572 0.001 989 0.000 019 0.282 600 0.000 019 —6.08 -3.48 0.68 947.59 1404.44 -0.94
16K,-G4 123 0.036 347 0.000 855 0.001 126 0.000 024 0.282 506 0.000 020 -9.41 -6.81 0.72 1058.80 1613.65 -0.97
16K,,-G-5 134 0.037 748 0.000 776 0.001 236 0.000 019 0.282 581 0.000 019 -6.75 -3.91 0.68 955.24 1438.29 -0.96
16K,,-G-6 133 0.065 568 0.000 355 0.002 129 0.000 009 0.282 483 0.000 024 -10.04 -7.31 0.84 1113.40 1652.65 -0.94
16K,-G-7 132 0.030 809 0.000 307 0.001 041 0.000 012 0.282 491 0.000020 -9.93 -7.12 0.70 1076.81 1640.42 -0.97
16K,-G-8 128 0.061 210 0.000 650 0.002 062 0.000 030 0.282 582 0.000 024 -6.73 -4.09 0.85 975.95 1444.80 -0.94
16K,,-G-9 132 0.049 176 0.000 786 0.001 602 0.000 025 0.282 574 0.000 021 -7.00 -4.25 0.73 975.10 1457.84 -0.95
16K,,-G-10 134 0.025 025 0.000 441 0.000 806 0.000 014 0.282 567 0.000 022 -7.23 -4.36 0.79 963.70 1466.99 -0.98
16K,-G-11 130 0.383 865 0.023 040 0.009 235 0.000 367 0.282 730 0.000 059 -1.48 0.58 2.09 946.31 1147.41 -0.72
16K;,-G-12 128 0.059 233 0.000 539 0.001 864 0.000 014 0.282 552 0.000 021 -7.78 -5.13 0.73 1013.77 1511.01 -0.9%4

TAABABEAR [ 2 BEAE <8 FVBLBEIR — 2 R A
4.2 XEUABTIATE RSB E X LR BT EX
BT W, 13 g B BEIR B = BEAE X
FAEAA A FJE iR B S B A, HE
FHRTTREE SR B T UM LB T (1 & e T A (3
HRAE, 2012) o G DCBUBEAR JB = BEAE B4 5 & W Bl BF
WEIAEE NI S BRI 5, o b 5 2 0 ds ik )
PEEAR T R C TR 2545, 20125 48 4%, 2016) .
B DXCALBEAR = 2= BEAE KA H AT w19 Si0, . AL O, .
K, 0,1k TiO,MnO 1 CaO [J451E, K,0 + Na,0 481k
Ul K 7.67% ~8.7% ,K,0/Na,0 =1. 16 ~ 1. 32;
Ca0/Na,0 =0.17 ~0.23, f51fi 154 A/CNK = 1. 17
~1.23, J& = P Bl e AL X 7 (1 9a.9b)
AR AR S A/CNK 9K F 1, BRIk
SR B TAE 5 (P 9¢) o F o0 2 2 B X R ¢
102) 2R, A A LR 0, BEM L TR 18
A A, b DXABLBRE AR AL B 2 1 0 B L T 35 o0 TR P
DR s A R R Bu 50 HRRAE, 2
L B8 T AR B 55 T - 0 2R E . Miller ( 1985)

WFFTR B, o B8 A B A A ) e dn S e L B =
REE ST A= B A A S . K
LR AL B A & & A B B, 7 X 2 BE St W
B2 FACX, 1 A0 3 B M AL BER AL K A 35 e i
B R, Hog XAt a8 iR B = b X
T GE L Se-Nd R A7 2% 47T 57 i 00 90 2 1170 AL B4R
2 BEAE B 2 R DX AR ] g k5T U LU ) & e
A AT CHE A MRS, 2012) . 540 HE R Z4E G
T HbER A 2R EREOR T2 N 148 s Hh e AL
A WD CRAR TS, 2007) o Pl AL B R
TR A RUA T SERUBE R 2 BEAE A R
FOHE /T HE AE 5 5 A 10,282 488 ~0.282 730 Al
0.282 435 ~ 0.282 590 ( Wei et al., 2018) 2 I,
e HECO M 23 9 A~ F -7.31 ~0. 58 Fl - 8. 60 ~
-3.10 (Wei et al., 2018) 2 ], — [ BEAE 20 4F
Clpnp ) PIME S 50 1 475. 88 Ma F1 1 579. 88 Ma, #J
SR th B2 AR C < 1.8 Ga) AHFF (& 2% 1¢
2, 2012; Wei et al. , 2018), 5/~ BUBEIR 1L B 75
PRI RERIR T2 FH R R ECE 1D, &
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7t S BUAE B 4 YR X RFAE C Allegre and Ben Oth-
man, 1980; Chappell, 1999; Peter and Roland,
2003) . Wi I BABER — 2 B A 1 AN s
& HECOEARRTEE &1, 4 0. 58, W 784 A1 1E JE i 72
AT REA DAY RN S S (R R, 20075 2
TG, 2007) o BEAh, PR IRBLBER — = BEE 5 A
HifieE iR AR &M SREECT 236 x 107° ~
39 387 x 10 °, ¥4 5 824 x 10 ~°) FIBH &1 Ce 1E
S (Ce/Ce” =0.84 ~10.78) MR Eu 1 5 H
(Ew/Fu® =0.02 ~0. 11, {7 H 78 I8 30 85 A7 10
+ICEFMECL et al. , 2000) .
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Fig. 11 The plots of the & Hf(¢) versus ¢ age diagram

for the zircon of the Dahutang porphyritic granite

S A1 by 5T A I, R R b X X S )2 T
h 3 TG AR RN LU VR AR T, 7E F AL X 3 XU
LR R 2 R AF R X HE S T AR R AL X 5K, B 5
ST, 3Kk U 1L AR B A R T R T
FUREA . SIS B, A [ DUAR A Clnile BE T 2R b

T0 3 S5 43 95 ik R A IR A AR 22 O3 82K ( Sylvester,
1998; Douce, 1999) . DEitt, wJ AIE L 6F 50 75 A1 1 5
BORFAIE 2 20K S HE VR DXCRFAE, 41 CaO/Na, O fH &
Bz N RO IR TS ALK B IR DR
— B, Ca0/Na, O <0. 3 I A I8 T A1 R0 43 J il
Ca0/Na,O > 0. 3 I Ay 2% b 5 14 38 43 445 il € Patino-
Douce and Johnston, 1991; Skjerlie and Johnston,
1996 o K4 m DX 2 R AL BREIR — 25 BE A 1) 25 A
ABER (1 25 BEAE 6 %5 Ca0/Na, O {41 22 A K, 43 il
$30.17 ~0.26 F110.16 ~0.25,¥J/8F0.3, B A
I (1) ) IR U 40 K9 8 I A 0 43 sl o i i A
XA TTSERABEIR B = BEfE K 4 CaO/Na, 0 =0. 15 ~

0.4,°F¥)00.28, Box e iua Mo adtm 2 5
s g R SR E R XBBER AR M A R AL X
A AR CaO/Na, O i, #8 7~ Wi 2 1 LL B R 78 < 7+
5 LA 1) S5 B e i, 3 5 FATT BT A W 5% 30 (1)
T DXOSUMT LA 2 e X B e A & o

TE B 4f b 8 B 9 Ak 10 B o FE ok M s B CIE
10b), PrAFE i3RI H & 5 Rb.Th Al U &6 K&+
FA1 6% (LILE), 77 BauNb. Ta. St Ti 25 50 % (1) 4
fE. FTAERES ) Rb =360 x 107° ~707 x 107°, %)%,
TAE B A 248 (200 x 10 °);Sr(21.7 x 10 °° ~
74.2 x107°) F1 Ba(45.2 x 107° ~234 x 10 °) 41
AR TAE 54 A (1 ¥4 (Sr =300 x 10 %, Ba =830 x
107°) . Ba Ml Sr T H R WA KA TR RS
WAk, BRI Nb/Ta(2.04 ~6.54) Fil Zr/HI(24. 58
~35.56) fH R B kA T IR W 2y 5, v Re S &
REFVES A 1) 73 B 45 5 5% T RbTh A1 U &5 K& -1
AT G E A, Nd R Ta 5 3 W25 32 (05 ol B
SR FRESE, 2013) . Db Ak, mir ALE KB AL
DR L2 REAE b o TO0 I T BL A ot o 7 C iR A 52
&, 20150 MBS E S, SRR E KA T
3 A Y 3X 3R B I AL BREAR A 544 22 1 0 S A
B e SR LA S BT, W LB A 5 25 e AL
M L B YR T A 38 43 s Rl j i) st 5 5 S A
g, BEA RAEBL I RE TP &) T @ oy A .

e A R B R, 5 WL Sn 4
JE AL DA R AR O, 2017) . HEFE  E LR
XU LI BER) W B ik 9. 16 x 10 76, AR 44 1 5
(W FHEEN 1.0 x10 ) &4 9 %5 (Ertel et al. ,
1996; Rudnick and Gao, 2004; Arevalo and McDon-
ough, 2008; AL IHEE, 2016) . (B, il sE
iy DX DX St e 1 S, Ak T b e R AR PR UOM L B R AR
7K, JEAEBE 5 I B st AR F R 8E 28 R AR R AE
R = AR K, AR I mlod A rp s, A i ) W
BT N5 ¥ (Ertel et al., 1996; 2 46 B 2%,
2016) o 3K Ay Hb 5 8 43 445 Rl IS T YA A P 8 A 4
TR IR LR AL B A A S R W
BTN 119 x 10 7°, KA &7 DU LU BF = e s
A 13 A5, RT3 W AR I K Al i
KEHUE RS BIVBLBEARTE X 2 5 K o H R s 4y
AR, WM SRR E KT W AR P E &
(Fogliata et al. , 2012) , 1 A Fa DX AL it 52 4R
T m ALK A K R G R W I E KRR,
S 7 B L 8" 0L E I 4 Ut & AR AR ST
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4.3 EWHEINE WAEIA, 2016)
S HUAE i B B T AE i 25 R I O A TR lE 10or
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R FAE R BB B FRFE R T Z 000 oo ®
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Chen et al. , 2000; Atherton and Ghani, 2002; Shepp- 0 ¢ Py REET,
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BURH 7 CF 22 B 2%, 2012) . HEWTITER W, BEA
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FKigs)), ORI R K e BAR = 3+ )7 Kihi—hit
MZLL W5 CGilder et al. , 1996; 1 HE%%, 2007) .
BT R VG B R U 1 DX 5 A I S T B A R
4160 ~ 150 Ma( Zhu et al., 2008, 2009;: Feng ei
al. » 2012), bR Be CEs ey ) #e i S s A%
S TR E AR TR R 135 ~ 125 Ma, HA-Buaiifg
NG L AR B 4 0 DA A R AR O3 Hs A 78 1) A s B 5
NI Wong et al. , 2009; Wang et al. , 2011;
Yang et al. , 2012) o« YL Y RO 7 T~ 386 1L 38
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Fig. 12 R, = R, diagram of major elements for tectonic dis-

crimination of the Dahutang porphyritic granite Cafter Batche-
lor and Bowden, 1985)
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