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Abstract

Located in the middle domain of the Jinshajiang-Ailaoshan-Red River alkaline porphyry belt as well as on
the western margin of the Yangtze Block, the Gan’ gou gold deposit is an important deposit in the Sanjiang Cu-
Au polymetallic ore belt. In this paper, zircon LA-ICP-MS U-Pb isotopic dating and Hf isotopic analysis of lam-
prophyre samples collected from the deeper tunnel in the Gan’ gou gold deposit were carried out. The results
show that the formation age of the lamprophyre is (31.12+0.88) Ma, and the "*Hf/'"’Hf ratios range from 0.282
217 to 0.282 476, with g,(t) values varying from —7.70 to —18.94. Based on these isotopic results and analyses of
the lamprophyre from other areas of this region, the authors believe that the lamprophyre of the Gan’ gou gold de-
posit was derived from the mixed magma by partial melting of metasomatic enrichment of lithospheric mantle
and thickened lower crust. The regional tectonic geodynamics suggest that the lamprophyre in the Yao’ an, Beiya,

and Machangqin areas of this region all resulted from both of the delamination of the over-thickened CLM and
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transition from compressional to extensional setting after the post-collision between the India and Eurasia conti-

nents. It was also formed by the later magmatism of the alkaline volcanic-plutonic complex.

Key words: geochemistry, lamprophyre, gold deposit, Hf isotope, Yao’ an
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Fig. 1 Geological map showing the distribution of Cenozoic alkaline porphyry on the southeastern margin of the Tibetan Plateau
(modified after Hou et al., 2006; Ren et al., 2013)
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Fig.2 Geological sketch map of the Yao’an Pb-Ag-Au polymetallic deposit (a, b) and geological section of the Gan’ gou gold
deposit (¢) (b and ¢ modified after Zhou et al., 2017)

1—Pliocene; 2—Jiangdihe Formation of Late Cretaceous; 3—Matoushan Formation of Late Cretaceous; 4—Puchanghe Formation of Early Cretaceous;

5—Gaofengsi Formation of Early Cretaceous; 6—Porphyritic granite; 7—Alkaline trachyte; 8—Syenite porphyry; 9—Lamprophyre; 10—Orebodies;

1 1—Fault; 12—Unconformity; 13—Orebody number; 14—Sample location; 15—Section line; 16—Location and type of deposit
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Fig. 3 Microphotographs of the lamprophyres in the Yao an gold deposit

Qtz—Quartz; Bt—Biobite; Kfc—K-feldspar; Cpx—Clinopyroxene; Chl—Chlorite; Hb—Hornblende; Ap—Apatite
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Table 1 Results of zircon U-Pb LA-MC-ICP-MS dating for the lamprophyres in the Yao’an gold deposit
) w(B)/x10°¢ [ 5K LU {E A/ Ma -
U Th Pb 207ppb/235U 26 200pp/238Y 26 207pp/2%Ph 26 207pp/23U - 26 2°Pb/APU - 20
1.1 2735 558.0 2320 2.04 0.0328  0.0050 0.0049 0.0003 0.0546  0.0090 325 4.8 31.30 1.80 96.24%
2.1 2415 4481 200.8 1.86 0.0348  0.0023  0.0053 0.0002 0.0479  0.0034 34.7 2.3 34.30 1.10  98.84%
3.1 1043 1690 7620 1.62 0.0327  0.0031 0.0049 0.0001 0.0492  0.0048 32.6 3.0 31.74 0.90 97.33%
4.1 1688 908.0 557.0 0.54 0.5110  0.0130  0.0677  0.0016  0.0551 0.0012 418 8.5 422.4 9.50 98.98%
5.1 1072 1401 71.50 1.31 0.0319  0.0024 0.0047 0.0001 0.0502  0.0038 31.7 2.3 30.26 091 95.35%
6.1 1070 1760 104.0 1.64 0.0321  0.0029  0.0048 0.0002  0.0489  0.0048 32.0 2.9 30.90 1.20  96.50%
7.1 1920 1452 96.30 0.76 0.0305  0.0042  0.0049  0.0003 0.0474  0.0067 30.4 4.2 31.30 2.10  97.08%
8.1 1159 1064 64.10 0.92 0.0316  0.0025  0.0048 0.0002  0.0490  0.0041 31.5 2.4 31.10 1.00 98.72%
9.1 1173 1200 71.00 1.02 0.0313  0.0029  0.0047 0.0002  0.0489  0.0046 31.2 2.9 30.10 1.00 96.41%
10.1 942.0 937.0 56.40 0.99 0.0322  0.0028 0.0048 0.0002 0.0495  0.0043 32.1 2.8 30.72 0.98 95.61%
11.1 737.0 398.1 28.60 0.54 0.0289  0.0028  0.0047 0.0002  0.0471 0.0049 28.8 2.8 30.30 1.00 94.92%
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Fig. 5 U-Pb concordia diagram (a) and weighted average age diagram (b) for the lamprophyres in the Yao’an gold deposit
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Table 2 The analytical results of zircon Hf isotope for the lamprophyres in the Yao’an gold deposit

Jot=y SYbATHE  SLu/THE  VSHENTHE 2 e E0) to/Ma tpy/Ma Frume
1.1 0.019793  0.000583  0.282217  0.000026 31.30 -18.96 1444 1981 -0.98
2.1 0.045479  0.001250  0.282353  0.000026 34,30 ~14.10 1278 1721 -0.96
3.1 0.030776  0.000902  0.282271  0.000028 31.74 -17.05 1381 1878 -0.97
4.1 0016593  0.000528  0.282296  0.000025 4224 -17.70 1333 1681 -0.98
5.1 0.018631  0.000561  0.282467  0.000025 30.26 -10.15 1098 1504 -0.98
6.1 0.036044  0.001084 0282476  0.000025 30.90 -9.82 1100 1487 -0.97
7.1 0.024589  0.000648 0282447  0.000027 31.30 -10.81 1127 1541 -0.98
8.1 0021513 0.000586  0.282422  0.000031 31.10 -11.71 1160 1590 -0.98
9.1 0032297  0.000912 0282453  0.000026 30.10 -10.62 1126 1530 -0.97
10.1 0.025850  0.000712  0.282367  0.000034 30.78 -13.67 1241 1695 -0.98
1.1 0.030632  0.000868  0.282420  0.000033 30.30 ~11.81 1172 1594 -0.97
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Table 3 The data of isotopic age for the Yao’an alkaline volcanic-plutonic complex
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HHLIHBE A Bt K-Ar 33.5£1.9 K E IR, 1997

R 2+ SR K-Ar 34.6+1.0 P4, 2007
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B AT K-Ar 34.942.2 P4, 2007

BRMEAE KBS AT K-Ar 31.342.6 P4, 2007

. i A B fiial LA-ICP-MS 34.1£0.3 Sun et al., 2017
e HEL IR S R iyl SHRIMP 33.63%0.50 N A, 2017
IRFREE I el SHRIMP 33.27+0.38 N R4, 2017

YRS ot Ar-Ar 33.7+0.5 Luetal.,2015
IERBEE N4 Ar-Ar 28.9£0.1 ERRIRAT 2005

- IERBEE A K-Ar 34.7+1.9 A, 2007
IERBEA ival (U-Th)/He 33.4+1.6 Luetal.,2013a

ERES B AT K-Ar 34.0+2.0 TEHR4E, 2007

Ao KBRS il SHRIMP 33.4+0.3 Luetal.,2012
. ERES bipal LA-ICP-MS 32.8£0.3 Zhou et al., 2017
e YN A SIMS U-Pb 31.7~30.2 Zhou et al., 2017

JEBEA bipal LA-ICP-MS 31.22+0.33 AL
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5 3 5 K HL K- Ar B Ar- Ar A % 8 J2 53 D BF
15, HARIS AR v BB 2 25 AT AR 520 . T 4Fk , Bifl
B K I AR 1 2 OR R 22 ¢ T k& 42 A Ak
1) R R B AT I Bl 4 ok, ke 2 B - SRR A
P I IE KBS R B LA SR T L A S5 IR e
R K B4 pF 33~34 Ma(Lu et al., 2012;2015; Sun
etal.,2017; %5 =4 ,2017; Yan et al.,2018) ,iX 5
Zhou 5§ (2017)%F T8 40 IE KB4 K159 LA-1CP-
MS #:4 U-Pb AR — 3. BFANZHI A 1R (k) #912
67 G ZR LA BTN R a4 i 50 1) i 1 2 B v gk 22
iy TR B T s S s J i () I8 e A T 2 A AR A
A Ll e g, 2[R BT Wk L 1R A
ik

T VAR BE AR S ok 2 25 R B A N A A
SCWFHTF I T LA-ICP-MS 4467 U-Pb J4E T A, #7745
JELBE A8 FAE I (31.2240.33) Ma, 5 IACE ¥ 48
1% (31.12+0.88) Ma 7E 15 2 70 [l N — 2, fC 3R T AR B
FE R . 5GP AMEBE A R AR S T IE K
BEARPY, i — 2R S T R BE A M 305 0 B
I AEARE R, B R A R bR s
Jik b A RAR T v L BEAR AL A UBER A
B IR BE S A KB RIE b B B A A
A, AR B S 5 AR I 2R OC R 4
AL I G SO B G O R A 8 Ry (33.77 ¢
0.11)Ma( B ELZE ,2013) . ULFE " X 4 3505 oy 3
PO Rk R A R, B ORI EE N
AR B AR R AR, A s S R 6 A 174
ZE MO R A B R i B ORI SCE 4,
2013) o BEBEATE X N RS0, 40 T B ks
B AL 5 IR B e, R S AR B AR
(34.96+0.66)Ma( Fll L FH % ,2014) . A UL, B 9% |
AU Ar A Rtk 22 55 2 AR B B T DAL B Sy L RUAR,
RN ARG . WA A IR Z S G SR
MG UL = X A R A R B
1 22 1 WA= AR AE A TR] (5K B SR 45, 1997 ; Liang et
al., 2004;2007; b2 ik 2055 , 2005; Lu et al., 2012; Yan
et al., M), 36 75 1% X 5 2 0% s 5 AT HH ) B
bR 5 T S RV B R - DIV A ity 3 Rl 4 A s v AR 4T
T e R B AR 1) B R RN B AR
FRUSCAR 3 B 56 5 A Pl %) 448 N S 5 22 )5 Al 4 e
e B B, — YL DX A Sy R AT R 90T K o Al 4 3
AN 1) Rl AR A7, 7 ) 37 BB Hh B e ) 5K i

4.2 EXMR

AN [V HBER Ak 2735 53 %) HE[R) 0 R 4 — AN Ta] , Bk
R B5A I 5 M 1) TOHE/ THE AR (20.282772)
X IO 1) g () (B R T2 5 1110 56 40 I AN (] S 78
A B 1 TOHE/ TTHE(E BN H gy t) R TUE (5=
HEICAE,2007) o AR SOk 2 4 10 XK BEA I LA-
ICP - MS #% A Hf [F v & WF 57, 45 R & R #
i VSHE/ TTHEE A 0.282 217~0.282 476, % i Y £44(2)
{1 30 B 28 AL 7E = 7.70~—18.94 Z 1] , T A 85 41 ey 0) [
BIINT2 SRR BE S TF AN I i 20 08 1) B 1.
TE e(0)-t( 6a b)Y FIl o HE/ TTHE-t K fft (K 6¢.d) I+, X
s 5 B TE e BB B A T A 2 2 T (R L 3 AR b
NS 2N 4 €T G il N L s B2 & A AR R A S
6a.c), /N T & LS 5 M7 IR G RHIE

AT EVRN KSR 5 2 SR S M IR L Bk TR
BB, w7 TR 4 5T 6 5 Cu-
AuZ & BRI I KBS E1 T HE R 67 Z 05T,
SR W R AU D e (B 32 B AR BIORE i A1 15 1k
LN, M HERE S eq()ERZ KT E (& 6b),
VR R i X5 A RO P Ay Y AL R BT L ey (o) ELARI X
AR, AT U L N B ) SR B R R T
SZAN bR e B AR R A 1Y A R b S A 4 il (B
B4, 2013; FISC 5 % ,2013; Lu et al., 2015) . TfijAb
TR EB G 25 4 VD VT A Ll W 244 (R ke
X KB R T 57 e (OfEL, WHER FAEA R
U5 F B — 1) 22 AR A Pl b 1 30 43 s il , D) 6L B 2
TR BRI () 1 358028 A0 T JE 1645 3 6 B Y £
B oy NS A PR & (CL) MR s H B S i 2
WA KA, B w5 A n] WAk R (F 4) ik 25
JAl iR 422 Ma B 2 AR08 (R 1, Bl 4) , el 1 1l
SEPIIRA

FAN TN 2 (2018) B FH B AL ) Re-Os [R] iz
RN T B ke Z 1T Po-Ag Z & B KT 4
JERIRIEAT /R EE AR X 42 8 B ) o 32 B R
ToeAH EAE M BN 5% o Yan 55 (2018) %] & fi
T E L T RS A HE-O A4 Sr-Nd [R) v Z 4
BRAGSA ARG I 5 I R IR T R b 5 A B
3N Rl Kb i A e g RN R ST B TR A L (615
TR AR BS503R DG 1) K LA (Yan et
al.,2018) LA s dE K B (5 & 2% ) HAT AH A ) HE
] v 2 41 ARAE (&l 6b . d) , FR /R JE BT A 5 IE K BEA
EE AR A SR BA AL TR X P

BT UL 50T, ZEE A R T &0 PRIRT
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Fig. 6 Zircon Hf isotopic compositions for the lamprophyres in the Gan’ gou gold deposit in Yao’an (Hf isotopic data of Beiya

and Machangqing after He et al., 2014; Jia et al., 2013, data of Yao’an volcanic rocks after Yan et al.,2018 )

FELEE 7 1) 2 A0 i R AT B SRy 28 A A Rl b g 35 o M
Bl P2 A R TR M 0 BV B R 0 B,
PRI R TE 72 -0 70 5 TR GE T AL I 0F — 25 0 il 4 - A
BnE T HusT o 5, ST e L 7 -0 TR R ARAE A
PR 2 BB I, AR T T R IR T
5T ML ST 5
4.3 HEIREE R A E L F

— FLLIK, OCT 5 8 e IR AR Mk A U T o 1L -
ZTTR] & BRLBE A (9 ) TR R S L By ) 2 A A
Wo BTN 5 B EE A B i) AR O i AH DG A KBt AR
7B (Wang et al., 2001) , KR E 1 T 2445 &
“ S BN b S 43 4 FlAR 7R (Wang et al., 2001) , 1l
B T AR v 52 A S 1L 5 43 A 7 (B ik
8 ,2015) , A Rl b 37 55T P 40 J5 R ik b A A
(Lu et al., 2013a;2013b) LA K 32 AR A A P8 HiL g

DU AR 25 (Lu et al., 2015; Deng et al.,2014;2015) .
AUV A% L -2 0] 58 5T -8 0 o B iy JL B =
D) K22 R 43~37 Ma, i B AR A7 A ] K 4 o
TE 37~32 Ma Z 8], A 1% 5k s L 1 5 242 1L - 210 7] Dy 24
A 7] 59 PR €5 46 54 7 AR 1= AL B[] (30~23 Ma, Lu et
al.,2012) , 117 5 [F] 5 UJ 47 % AH T 50 RH i 09 4= A A
KZ 77 T w W BE A 7 B (Deng et al., 2014) .
T30 A E UK L A IR A R AN R B A B
S4B A 1 T L AR RS AR e L
TR AT (B 1) o BRI, B2 1 A S S A AN (S fip e
P VA B e A L A TSR T = NI ]
L3 5 e A7 5 T 2ty 5 TR SR A B P AR
HIE AL

7l R DA LE IR v 1 AR RU (A E Pl
T AR A Bl i e A= A2 AR B (Wang et al., 20095
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Lu et al., 2015) , 1fif #7 o o X = g = & i (700~
220 Ma) , 3% e 76 2% LATURRBR IR 8 2 A 0 7 M
TiE, S 7R % i 147 F v P A Sk bk sl KB 20T R
Z FNPE ST B v R FH 52 1 (Metcalfe, 2006 ; Pullen
etal.,2008), FM =S, %k 505 e
B PE I A U T8 5 o B AR AR DL (2 65
Ma) , % X8 37 7 B - AR B i - i Al 438, £ Fifi #4)
1 S K N ) R TIC, R B B 1 2 A L 4 T
R 4 VDT A2 L - 21T W 245 F4% 1 P 2 /N IR 38
R R ) 2247 78 W - B R B DIPE L, = E T —
RGN - I -7 B, T B KA Cu-Au-
Pb-Zn 55 2 4 J& 0 1E F (135 355 , 2006 ; 1T 20 5%
4,2013;Lietal.,2016) ., [mlf4% 1 v 38 44 1 i 1k
S IR R R S AR L v 2 4 SO b E
A AR A VB i 0 7 VT SR ) IR AR VAR B 2
A1 HE Z By B sCAR 8 52 7R 1.4~1.9 Ga, FEIRIESE
eopal b D B AV Y (SR oA s (e WL AvE YL )
o B AE A -8 B0 S B K LR A AR
RRAE 4 VDT -3 7 Ly -2 3] W a5 D3, T LK e ik
[ B8 T4 F AR &8 S e Rl b B
B TADIR R AT TH0 5% -1 vhb B (18 1), BRIt 55
A V) b B TR A T T L A A DX B K
KA BT AR KL -5 2R Bl b BR A3 B IE 5
1Z DX AR AR DI K AT 7 25 00 Bl b 2 2y 5 1) Y ( Lei
etal.,2009) . ETHHE H 2, A U5 (RS 5RE5 )
R K31 37 % B AR BE A TR BE IR L E R
T AR E 4 00 A A B e (R SC 5 4%, 20145 Xu et
al.,2007; 55 A B %%, 2013 ; Chen et al., 2014 ; Guan et
al.,2005;Li et al.,2008; Lu et al.,2015) , 5 /R T 47
Pl 1t 2 I o 4 A R

L, X6 T Wk 22 30 S F2 B 2 19 S ML
A SN R A B AEAR LR AR I 2 E A fR i), B
B[ - WKV A Bl 495 2 b flE 8, o] 12 DX A P 3 )R
A B YR SZ AT B A RE S . R
TR E S SR IR A A g i Kk A BRI
SR Y T I SO R A oo s s 2R
(18 Pl M 30 e s il 7 A R IR R B
REAR ARG EE IR ERERN, RS T
TSR b 52 3o M5 Al A 2% o /T B - RO KB Je
lf 8 B 30, 7 3 S AR L 1o i L 320 3 o O B A 10
V) [0, 7 (AR st T B T 2 % PR TR JEE A s, 5
T AR AW A KN LR, e F AR R TR

TR R RO A b 4 T

T, 8 Uk 2w R - f= A 2 A G S A
BEA

5 45 &

(1) B2 SR 5 A U-Phil FAR A A
(31.22+0.33)Ma, 5 A H4F % (31.12+0.88) Ma
TR VE N — 8, R IR BE A R ik 2 Bk -2 A
A R A TR B 0 ) o

(2) K& BE 75 485 A HF 5] 437 28 21 A% S 7 7O/ TTHE
H 4 0.282 217~0.282 476, XF N 1) &,(1) 18 78 Fil 22 1k
£ = 7.70 2] — 18.94 Z 8] , B KN e,(0) L IRE BBl 46 7~
KELBE 7400 5 oK U5 AT 66 S 4 ] b e %) 350 430 e B
JET Hise i s Rl TR S 5 9

) AFKE BT F RPN TR ST A
A1 P b 00 T ORI B o B
AR A B MR R A, 7 A SRR B B A IR
S ) 35 VR 5 4 I AR 28 B TS IR T M e o 4
A SR A o BEA EDRE RO KR i Re e85 1, 41
A e PR IO 7 3 DA 1] 5 32 5 3 0 B ] 5 &
TR G AR TR AR IR Y T /Dbl
YT T T k% 8 a0 KA B2

B ASUERSCSREEE R PRI L
Al 2% ) 2 e e TR SO S5 4 Bl 5 41 U-Pb
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