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Abstract The Hetai goldfield of Guangdong Province is located at the Yunkai area, the junction of Guangdong and Guangxi
provinces of South China. The goldfield is a favorable place for the study of the petrogenesis links of migmatite and granitoid, because
of the coexistence of Indosinian plutons, migmatites and ductile shear zones. A new LA-ICP-MS U-Pb zircon age of the Yunlougang
granodiorite pluton and Yunkai migmatite is 253 + 1. 6Ma and 240. 3 +5. 1Ma, indicating the time of magmatism is ca. 10Myr earlier
than the migmatization within analytical errors. The Yunlougang pluton and Yunkai migmatite share some geochemical characteristics,
for example, they are both peraluminous, both have high K,O, Rb, Pb, LREE contents, Fe,0,/MgO and (* Srt/* Sr), ratios,
negative gy, (1) values, low 10,000Ga/ Al ratios, the depletion of Ba, Nb, Sr, P and Ti, and the negative correlation between SiO,
and Ti0,, Fe,0], CaO, Nb, suggesting they are likely from the crust remelting. Moreover, the biotite in them are all re-equilibrated
primary biotite, indicting they were likely modified at almost the same P-T conditions after their diagenesis. However, the REE and Sr-
Nd isotopes are distinction between the Yunlougang pluton and the Yunkai Group migmatite and meta-sedimentary. The Yunlougang
pluton has Nd model ages (1821 ~1692Ma) younger than the Yunkai Group migmatite (2264 ~1788Ma) and meta-sedimentaty (2170
~1910Ma) , and smaller Rb/Sr ratio (1.4 ~1.8) than that of the migmatite (2.7 ~9.2), indicating the pluton is likely derived from
a hybrid magma of anatectic lower crust with small juvenile externally ( mantle) magma, the migmatite simply from the in-situ re-
melting of Yunkai Group meta-sedimentary. Therefore, the Yunlougang pluton is not congenetic with the migmatite nearby, not the final
product of Yunkai Group migmatization. The age of Yunlougang pluton and Yunkai Group migmatite are likely represent the peak and
terminal time of the collision between South China Block and Indochina Block.
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Fig. 1

regional geological map of Yunkai area (b, after Qiu and Liang, 2006; Peng et al. , 2006)

Tectonic sketch map of South China Block and the distribution of the Indosinan granitoids (a, after Qiu et al. , 2014) and
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Fig. 2
(modified after Chen and Wang, 1993)

1-Yunkai Group migmatite; 2-Yunlougang granodiorite; 3-Wucun

Geological sketch map of Hetai gold deposit

porphyritic biotite granite; 4-Ordovician and Silurian flaggy weak
metamorphic sandstone-siltite and flaggy killas; 5-mylonite zone and
serial number; 6-sampling location ; 7-Baoyatang-Kengwei fault
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Fig.3 Field photographs and microphotographs of Yunlougang granodiorite and Yunkai Group migmatite

(a) field outcrop of Yunlougang pluton, length of the marking pen is 14cm; (b) hand specimen of the Yunlougang granodiorite; (c, d)
microphotographs of the Yunlougang granodiorite, euhedral to subhedral biotite with small muscovite along its margin; (e) outcrop of diatexite

migmatite from the Gaocun gold deposit at — 140m elevation; (f) microphotographs of the diatexite migmatite. Margin of feldspar has notable fine

grained, relatively late sericite aggregation in fracture of feldspar. Photomicrograph (¢ and f) from crossed nicols; and (d) from plane nicols. Qtz-

quartz; Fsp-feldspar; Bi-biotite; Mus-muscovite; Ser-sericite
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®1 ZHNERARKEMZFRHEG SR LA-ICP-MS U-Pb £
Table 1  Zircon LA-ICP-MS U-Pb ages of the Yunlougang granodiorite and the Yunkai Group migmatite

Th u CIVE A (Al iz 28 AF % (Ma) PRI
meys
U‘L‘“‘ Th/U 207 py, 207 py, 206 py, 207 py, 207 py, 206 py,
N (x10°%) 206 py, lo 35y g B8y lo 206 py, lo 235 lo B8y lo (%)

FEfh SHO31 A% b 46 b I

08 19.0 488 0.04 0.0514 0.00 0.2872 0.02 0.0402 0.00 387 109 274 14 258 5 94
-1255.0 692 0.08 0.0501 0.00 0.2694 0.01 0.0393 0.00 211 97 242 10 248 3 97
-13 43.4 546 0.08 0.0506 0.00 0.2778 0.01 0.0402 0.00 76.0 115 229 12 249 4 91
-14 44.8 431 0.10 0.0508 0.00 0.2786 0.01 0.0401 0.00 176 99 244 10 249 3 97
-15 455 294 0.02 0.0497 0.00 0.2716 0.01 0.0399 0.00 309 111 256 11 250 3 97
-16 10.8 193 0.06 0.0519 0.00 0.2840 0.02 0.0400 0.00 280 160 254 13 250 4 98
-17 127 399 0.32  0.0499 0.00 0.2735 0.01 0.0399 0.00 235 93 250 9 251 4 99
-18  48.2 122 0.39 0.0533 0.00 0.2976 0.01 0.0406 0.00 211 144 242 13 252 4 96
-19  59.5 116 0.52  0.0544 0.00 0.3092 0.02 0.0408 0.00 187 98 245 10 252 3 97
20 381 92.6 0.41 0.0505 0.00 0.2735 0.01 0.0400 0.00 189 119 244 11 252 4 96
22 51.6 193 0.27 0.0526 0.00 0.2866 0.01 0.0396 0.00 283 158 254 13 253 3 99
24 66.6 605 0.11  0.0509 0.00 0.2798 0.01 0.0398 0.00 217 129 246 11 253 4 97
25 13.2 360 0.04 0.0496 0.00 0.2713 0.01 0.0394 0.00 217 94 251 9 253 4 99
26  86.2 245 0.35 0.0518 0.00 0.2845 0.02 0.0396 0.00 280 94 257 10 253 3 98
27  21.6 573 0.04 0.0519 0.00 0.2883 0.01 0.0401 0.00 232 96 250 10 254 4 98
28  26.8 111 0.24 0.0484 0.00 0.2699 0.01 0.0403 0.00 257 107 256 12 254 4 99
29 23.5 468 0.05 0.0499 0.00 0.2799 0.01 0.0403 0.00 233 94 249 10 254 3 97
30 53.6 502 0.11 0.0505 0.00 0.2806 0.01 0.0400 0.00 117 86 243 11 255 5 95
31 38.4 101 0.38 0.0502 0.00 0.2695 0.02 0.0399 0.00 191 85 251 8 255 3 98
32 63.2 201 0.31 0.0475 0.00 0.2526 0.01 0.0394 0.00 343 104 265 12 257 4 96
Fan HT112 SRR G5

-10 368 795 0.46 0.0524 0.00 0.2787 0.01 0.0387 0.00 302 62 250 6 245 4 98
-12 194 838 0.23 0.0512 0.00 0.2585 0.01 0.0366 0.00 256 47 233 5 232 3 99
-13 107 200 0.54 0.0525 0.00 0.3254 0.01 0.0453 0.00 306 81 286 10 285 8 99
-14 425 296 1.44 0.0555 0.00 0.2671 0.01 0.0350 0.00 432 63 240 6 222 4 92
-16 191 193 0.99 0.0499 0.00 0.2600 0.01 0.0383 0.00 191 112 235 8 242 5 96
-18 200 258 0.78 0.0527 0.00 0.3132 0.02 0.0433 0.00 317 64 277 12 273 10 98
22 5.30 811 0.01  0.0497 0.00 0.2678 0.01 0.0391 0.00 189 54 241 5 247 3 97
23 205 269 0.76  0.0522 0.00 0.2613 0.01 0.0364 0.00 295 63 236 6 231 3 97
25 102 1758 0.06  0.0496 0.00 0.2854 0.01 0.0417 0.00 176 37 255 6 263 5 96
27 101 268 0.38 0.0516 0.00 0.2777 0.01 0.0390 0.00 333 61 249 7 247 5 99
29 99 121 0.82 0.0527 0.00 0.2826 0.01 0.0390 0.00 322 85 253 10 247 6 97
3 180 389 0.46 0.0523 0.00 0.3362 0.01 0.0467 0.00 298 68 294 10 294 8 99
36 37.2 1301 0.03 0.0564 0.00 0.3821 0.01 0.0491 0.00 478 38 329 8 309 7 93
37 369 349 1.06  0.0536 0.00 0.2825 0.01 0.0383 0.00 367 52 253 6 242 4 95
-38 733 455 1.61 0.0527 0.00 0.2744 0.01 0.0378 0.00 317 52 246 6 239 4 97
-8 53.0 379 0.14 0.0571 0.00 0.4376 0.01 0.0552 0.00 494 52 369 11 347 7 93
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The spots are 29um, identification numbers and ages as in table 1
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All of the major element data have been recalculated to 100% on a LOI-free basis. The meanings of graphic symbols in Fig. 6 are identical to this figure
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— a 58] 'a)
Ao EIJIT Boox=83 PRt FR, 1 0.5 ~3mm, £ 4 HHEFHRE MKW ES
g %3‘3{2@3‘3 SXB8TRS YRS N p = = — J\} # #
S L L B2 B P RSB E F o . SRR EE ALY Fl Fe' (Fe
TToTT TEEEEeE D/ (Fe™ Mg ) ) BT L P I 75 RO 5
=Fe e +Mg B Al DL R R AW A A p 3 48
Sla] moawvme =R TR AL IR 7S (Shabani et al. , 2003)
=|A oAt S o ? N g O o B
518 < Fe T TR AR B S B b Fe® 2y 0.48 ~0.52 Mg* 2y 0. 48
~0.53 A1V 3k 2. 612 ~ 2. 758apfu ( 4~ 45 ¥4 B4 5T 1 1 JiL 7
N _ B \Ti*" 3 0.189 ~ 0.332apfu, 7F Mg-(Fe’™ + A" Ti)-
FS| dECwE vo g - _ o
x| ZZZZZ BRRAIIEA (Fe’™ +Mn) & I (& 9a) IRl Mg it 58 = &, 1fi 7€ 10 x
- Ti0,-(FeO" +MnO) -MgO =4 & fift b (1&] 9b) 75 Hy 32 58k
- \;\ o —— o oAaao EHEEN RS, FIHEsHH Ti(Henry et al. , 2005)
== ZEERE EEGERGE 1 ALY £t (Uchida et al. , 2007 ) AT LIFE USR58
= TR 1 B 7 BRI IR g 589 ~ 679°C , 4 651°C ; i 7
é N 245 ~ 278MPa, - #] 266MPa; #] 24 F 9.27 ~ 10.51km, -
S22 BEEEE ZEEEEEE SSE mioosk
g ZIFRHR A E TR AT S SR E R i —F, W2
2| = 10gsy FEEA-5% S99 Mg [, I B2 2 o TP 09 8 = B (B 9a, b) I
ol 3| e9weda dodigda Sdd Fe’ \Mg"{H43 1] Jg 0. 44 ~0.56 Fi1 0. 44 ~0.56, AI" I Ti** 5
= @ | N N [ [
E 43 BIH 2. 663 ~2. 880apfu 1 0. 243 ~0. 488apfu, 14471535
& ot g dmmodoa ooo TR IELE Jy 623 ~733°C , 44 664°C ; [k 77 Jy 211 ~ 323MPa,
El © ITXxITY RraldcoFro TR~
= S adadd wWruwcaes <9I 14 266 MPa; A 24 TR EE 7. 98 ~12. 21km, 31 10. 06km,
L% of | | | | | | | | | | | | | | |
=
—~ CINTOT VLEONVODAD ©— A N
E|s7| E552% szss3s: zs§ 5 e
'HN'\'@NE-; 88888 8888888 888
== SSSSs SSsSsSssSs SsS<e 5.1 EREEHSEFERASHRERER
s %7, e v e — y
=z 2 NN O To oo~ wa o Z IR AR IEIZSER, IR DU = JF R TE 2 440Ma
Lalzz= =s8888 EFxL2gIE SRR S b R A SR x AR FE 957 F A4 i
i ZZ] 88888 ——=——d==2 === B e A2 A 5, T AT H % 0 AR B AR B DT AR A, B AR A
=
Al SS288 2538555 Sc8 P4 CEALIG %, 20065 Wang et al., 2007a3 Wan et al.,
o= 2010) o HFHBER AL RFAE , 25 B 4B N I 3 B 2 T EIR
< o= 0 S XN DO X — Al <+ — = N . NG, o
RT|AZ] EEIEC QRIS CCES STl AR RERRR SRS B DUBUA L E SR A 5
i = TT| Seses sSescses SSS|E AMMENTRNGR. SMMERNKE ZIFRHRE
A © . N s . N S W, p
Xl - = MR R UUBUS =8 BV 2 L Bk Ak 2 R A
LT 282332 22TRG38 288 EIHHREMN KO &k Fe,0,/MgO WA (2.55 ~6.14) L]
:'f_az; gm\og\o ::[\mgwc\ QI\O\: ) 2y (87 86 T >
Hi £ z ararara ad o AR P J Rb . Pb LREE F14J4s (¥ Sr/*Sr), HAl, 3 H ey, (1) #B R
< T HBEATIRAY 10000Ga/AL H A, #6545 Ba N, Sr P il
o o —~ ping . . . N N L
g : sL| Basre mseseazgezd = /Tl,slozjmz\Fizf)l\Caobe HOEAT A 6 06 R i S
o s|” x| wEw s SRR R R e ] = MELIHEATH 57 T AY ( Whalen et al. , 1987; Jung et al. ,
B2 e i = 5 2000; Wang et al. , 2007a; Qiu et al. , 2014) . 534h, b
M | o et woba aemoonTT 3B BRS EIFRERA S IR 2 R B W00 X 5, i L
of 2 KEEScocE-nRARZ8REgIgE I - R I T
| £ EEZZEZRESSESEERZEE|N METREMIUMZUEURNITHRAL. R
< T . [
# = B IR A AT B R A R AR R, D B DA
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Fig.9 Ternary Mg-(Fe’* + Mn)-( Al + Fe** +Ti) (a,
after Foster, 1960) , ternary 10 x TiO,-( FeO" + MnO)-
MgO (b, after Nachit et al. , 2005) classification diagrams
of biotites and Ti vs. Mg/( Mg + Fe) diagram (c, after
Henry et al. , 2005)

The dashed curves represent the intermediate 50°C interval isotherms
in Fig. 9¢

mmtb R0 R A R B JF BRI S 2 T . PR
L B R A T TR TR (Y i B TR D AR, B 1
AT T-HRIF] W 250 T 52 A 0

SR, B RE RS = FRER & 2 BT TRUE Z 6] 3
BRALSEFEAEVT 2 5 A X B 56, ¥R A1 Sio,
SRR G EER. aTFHRAG AW 1Btk
T, 5= PR Z BRI E TR AR 280, B2 LAk (&
Tb) o mHERERRIM LI R S Z A B, R R
Fi 1:JC0F LREE 5§ = IFRAE BTG FRER L, H 2 = 1
TCR WAL , AL = TR BT RUE IR . 75h, &=
R AR (La/Yb) Oy 22.80, KT = JFBEE BT A
((La/Yb), = 14.86) BB A ((La/Yb), = 11.36) , B L
i R BC S i 2R R B R 42 Rb/Se T RUAE 48
F SR B 9 544 % IR ( Harris and Inger, 1992 ; Harris et al. |
1995 ; Solar and Brown, 2001) , =8 A48 Rb/Sr FL{EAH
XPEAR, Ky 14 ~ 18, FTREA MR G IR A, (15 = T HEAS
BB AR E R, JF H ol TR G A A R BE 5, Si0, £
I, AT 2L Rb/Sr SRR RS BAR . 1T = FFHER & & 1 Rb/
Sr b, N 2.7 ~9. 2, SRR, U] = R AR S
Y BERAE T BRI . 2498, U 2= BRBK 8 Bl 2 L
PR A8 RIEATE R A2 , HED W] BRIE A H B SRR A Y
BARBOK kAR (Ward et al. , 2008 ; Sawyer et al. , 2011)
R b 7e r ™ A AU Rl 22 b 5 S T BT DAY, X
Sey Y] A7 S &K IR B A B K R b 5 b R T GE
(Sawyer, 2010) , = JFHBIXAFTE RS — W22 HE i 5T DI/ T, i
12 240Ma Jiao ot al. , 2017) 575 S FFBEI 1014 47
A3, FTLME S 3 /K A )38 8 i = R LR S R A
KR, I, BRRE , = HBHR G A WHER 1L 2 FRAE
HRIFRAZBIRUE TR, RN &5 0k A T2 BTl
BUE W B 0o B b E AR N TRk B TIRG A5,
It Hi FAMR AR BT , 153 Si0, & &K 5350,
Sr-Nd [F L R FHIERT , = 0 A 1 B A =TT RER & 5
AR FRIURVAAR 9 (7 Se/% Se)  HAH, R ey (1) 5 T 9 Nd
BRI W 1821 ~ 1692Ma( F-4 1794Ma) |, i 5 1 4 35 - —
Ol 2178 ~ 1783Ma ( - 2086Ma) 1 2170 ~ 1910Ma ( -
2083Ma) ,HiE B/ TIEPIE . HIEIRN S KR ERA
HESEH, BEAETE B — R B SR, [R] A M 58 T 7 AR AR
DI, ZE Sk SE AR X R, 1 & AN 58 A 4 R AR T R 1Y
FERRERIE PR VT R S0 M ml i b7 A R AR TR G DT 1
IR HERERIE R (Annen et al. , 2006) X Fp R A 1M AL A4 ik
PRER SR BE HAT TN A FIAE B TN 1 143 (Suga et al.
2016) PRI, FEIE B2 B I A B DA R AR, T BEA R A 3t
WS ) AR SR A B T A 380 R T B A 1 T b 1 9 1k o DTG
IR A A o Tiao et al. (2015) %= FFHh X A KA 1L S #Y
TERE A R B BT T A, iR R R R T2
249Ma, [} R RIR A G S A5 ST LAY, A6 /0 L0 ) Jo 14
AL SR RE A BA L A, R R PR X A
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— BN T TR G A 52 RUTBA A L —3
1) Sr-Nd [A) 372 FFAE B Nd AR RS, R, = R A 6 2
A T TR B 43I Bl H A SR b 255 AR T B0 , A BH S 1 I
SRR (HUIE P BT VR A

MHFTAEAEE o BTG A = R A8 IR B A
P PR TR 3RS 242 ~ 236 Ma (1% B[) 52 401735 5 5 AR 1% ( Wang
et al. , 2007a; Wan et al. , 2010) , SACIRE W = FHIEES
1) U-Pb ££§§% 240. 3 = 5. 1Ma j5-F—F, 7] WL, = JF 3 X 7R
EIS R A ad — IR T IZ AR I . SR, =B R A AR 1Y
AEPA A 253 + 1. 6Ma, 7543 B 152 22 40 [l N LU TR & 4 vh 48 Joa %
AT 10Myr, R, 4% A AT JEMHE 2 T HR S
AR, S EH R TR G A WA R

5.2 KHHEENX

BN L g B 1 E AR TR A AL 3 A% SR, X T X
A3 A Jo CE IR B S A A EE A0 ( Huang et al.
1987; Ren, 1991, 1996; Wang et al. , 2007a) , FEAERG R
IS SR B B 2 A R R 1Y) o 55 I )iz a0 A R /N LR
RTG53 T L2 21000km® | 24 (7 3 AR R 7E ) 5
M 12.3% (&l 1a; #1992 HA 775, 1988; Mk, 2006;
Mao et al. , 2011) , HH{a£ 60% 585t 555 (A/CNK > 1.1)
S-BUAE I 5 8 %, 30% 11 55 3L R Bt (A/CNK = 1.0 ~ 1. 1) I
10% (¥ 45 g £ T BUE 5 25 (RE A 6 46, 20045 Sun et al.
2005; Qiu et al. , 2014) , SR, Tt 85 (1 BN SCHAAE 0 6 4R
WATE & 722 260 ~210Ma B4 7= ( Chu et al. , 2012a,
b; Wang et al. , 2007a, 2013; Qiu et al. , 2014 ) , fiif5-E1 57 14
A3 I S P Y I 28 0 A7 A% Sy S 28485 T () 7 4 8 ( Wang
et al. , 2013) . AEFGARIA T PI ORI 18 3 1L 2 6], LR S
AR e 1) SRy R 5 68 e e 2 S, P R 5 B SO 2
[ Rl ([ 1a) ol FALTaxX 23 114 2Z 8], 425 A
FEENSIARE AR A T He 2 0858, 0T H) 2 K & BN SO R 4
AR AR PG R B R B AL I 5 T T 258 ~ 242Ma, Wl BE
BRI Y P S BOEN SO AL B - A e A R B4 i
[Eififi#76 2 ( Nam et al. , 1998 ; Carter et al. , 2001; Wang et
al. , 2010) ; T A& RE AR S5 At AR SR i) B ) 4 X420, R
WE AT AR B Al H A6 5 & Sy 240 ~ 225Ma(Li et al. , 1993
Zheng, 2008 ; Zhao et al. , 2013) ,

TEW G X, BN SOWTE R R A A PRI BT U1 617,
UL B AT 5 3 11T 3 A % U126 & (Solar and Brown, 2001
Johannes et al. , 2003 ; Sepahi et al. , 2013) , {H=FMIE 5L
N [0) SCAT AN IR, AT BB AR 2 3 LA A [ Ak B B vy 7= 9
R AR BR A (2 253Ma) Fl & TFRER & 5 12 (2
240Ma) 7] REFHS -5 15 AR HR v 1 15 LA S AR R Al e 5 B SR
P2 [ (g i B e A G, (R 5 AR TR B ) 2 LU TR 5 6 1k
BRI TE] 5L T 10Myr, 5 B B A PR TE BUAE 253 Ma 4[] 4
EZMER e R S 2T e a0 R R AR R JF HAR
D RAFERR IS YT o WS, 7E 240Ma 5 & 1113 19 3
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BRIk, B0z T DX e K T 0 il M T BGTR 45 (Waang
et al. , 2012) o TN , 745 1) b e ) s AR AR g,
L3S BT A R TP — 7 (1] Ta) o ) DL, Rl 35 Xk 4 R Al
BR (45 R BN 1) 28 1) ZRGD A% o AT AR R, ) 65 X Y
DV B8 T 1) A P 3, B30 O Ze T, & A= 7E 2 240Ma, I )
AT, KA AEZ) 204Ma( Jiao et al. , 2017) o IRA ALY &
A 1755 P 72 i3 Bl f) I TR) R BORT 2 o T 46 5 4747 R
e I T AR G 00 A 30 e T A P NS R DR A e T
Ja Tl (Wang et al. , 2007b, 2012) o £i LTk, 27 X B 52
SOV AL I T R T Al B D EDD S A R 3 ey e S 1) 47
P T 2 TR S e A B DDA ) AT RE R A T Y
a7/

6 ik

(1) =HERG B N AR S 4RI 1 = TR &6 A 2 T
U AR AR . AT AR 7 TRIE I A
A EHARRR I 0 ) R A TE R TR A A SRS T e T2
THHER A W R BEDUR = T AL BRTRUS I st R Y

(2) mhER PR AT S ] J2 29 253Ma, 2 JF i IR
A AL )2 2 240 Ma, ] B2 AR A S22 A g Al e A ED
SRR AR 0 RS TR )
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