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Abstract Jiaodong gold concentrated area is one of the most important gold in China. There are two typical deposit types, such as
“altered fracture-type’ and ‘ quartz vein-type’ , which host the mostly ore deposits in Jiaodong Peninsula. The Sanshandao and Xinli
gold deposits, typical ‘altered fracture-type’ ore deposits, are located in northwestern Jiaodong Peninsula and both of them are
controlled by Sanshandao-Cangsang fault. Gold is embodied as intergranular, fissure-filling and inclusion in gold-bearing minerals
which are consisted of pyrite, galena, sphalerite and chalcopyrite. Various morphological types of gold grains were found in
photomicrograph, which include schistic, elliptoid, stumpy and slabby. Through back-scattered electron images ( BSE) and secondary
electron image of gold grains, we found a lot of cavities and pits in the surface and dark gray areas resulted from impurities containing
in the that. The data of electronic microprobe analysis (EMPA) shows that the Au content is 63. 34% ~72. 54% with high Ag content
(27.39% ~36.34% ), which belong to electrum. The Scanning Electron Microscope and Energy Dispersive Spectrum ( SEM-EDS)
micro-analysis of gold grains contain that the major elements is Au and Ag, and the trace elements include N (6.12% ~9.79% ), O
(1.89% ~6.18% ), W (0.42% ~0.84% ), P (6.32% ~10.38% ), Fe (1.62% ~3.37% ). Compared to the micro-analysis of
gold grains from Linglong gold deposit, one of typical ‘quartz vein-type’ gold deposits in Jiaodong, both of them have the same
elements such as Au, Ag, N, O and Fe, but the contents of N, O and Fe of gold grains in this article are less than Linglong gold
deposit. We detected W in the micro-analysis of gold grains from Xinli and Sanshandao gold deposits without Linglong gold deposit.
The low content of O indicates precipitation of Au occurs in reducing conditions and ‘ altered fracture-type’ gold is stronger than
‘ quartz vein-type’ gold deposits. N implied that small amount of meteoric water mixed in the ore fluids, and the fluids of *altered
fracture-type’ are less admixed meteoric water than quartz vein-type’. P implied that there is mantle-derived fluid mixing. W is
origin of primary magma fluid formed by early cretaceous magmatism and the precipitation of W and Au indicates the weak alkalic
conditions. The analysis of combining micro-chemistry with H-O isotope implies the source of ore fluid of Jiaodong gold deposit is mixed
kinds of origins. The Early-Cretaceous intermediate-basic dykes show similarity origin of metal to the gold ore. The Au(HS),~
complex is as the most likely gold bisulfide complex for gold transport.

Key words Gold mineral ; Mineralogy ; Micro-chemistry; Ore fluid; Isotope; Jiaodong Peninsula
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Fig. 1

The simplified regional geological map of Jiaodong Peninsula (a) and Sanshandao-Cangshang gold belt (b) , geological map

of Xinli gold deposit (¢) and Sanshandao gold deposit (d) (after Li et al. , 2013 ; Deng et al. , 2015a)
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Fig.2  Photograph and Photomicrographs of ore in Xinli and

Sanshandao gold deposit

(a, ¢) photograph of ore in Xinli gold deposit; (b, d) Sanshandao
gold deposit; (e) photomicrographs of gold grains in ore from
Sanshandao gold deposit; (f-h) Xinli gold deposit. Py-pyrite; Gn-
galena; Sp-sphalerite; Cep-chalcopyrite
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Fig.3 Back-scattered electron images of Au grains (a-d)
and secondary electron image of Au grains (e, f)

Au-Gold or electrum
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Table 1  Electronic microprobe analysis ( wt% ) of gold grain

from sample X0635-15 and S09132-5

FEM S Ag Au 58 is

X0635-15-3-1 36. 04 64. 15 100. 19
X0635-154-1 35.73 64.27 100. 00
X0635-15-1-1 36.34 63. 34 99. 69
S09132-5-2-1 27.39 72.54 99.93

ST Au S5 N 63.34% ~72.54% , SHE RN Ag & &
(27.39% ~36.34%) (% 1) i AR M AT [ Aw/(Au
+Ag) | x 1000, BFFE X [ AR 3 9 B2y 640 ~ 726, 1 (2 fi
Ko LA PRI 0%, MK BRERE TRET RS
(RIREEE, 2010) o NI, ASCHI TG P R E0 XF4
R A Au Ml Ag JUER X GFEREREIER, s A = &
1 Ag, JF HHEGT PP d A Ag(K4) o e R5—
AR A ), R 252 S5 BRI R Wi, i LT AR
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K4 &0 Au 1 Ag JUR X SHEFIE K
Fig.4 X-ray scanning images of Au and Ag
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6.1.2 Nt&

NAEH RT3 A DOR T, B -5 0 Z 8] 1935 2 2000
T B R SE IR o AT AR T 23 S A P R I A
PR, MU 2 B R K K 5 R kK, TR
ARFE 772 T A Vel B 3t R U AL A (M 3 2k, 20045
XRG4, 2005)

PRI M R N, (KRR 2 B, 00 A 5 A K
AR R B U PR AT DL B N B R A 3R N, (Mernagh,
2001) o EHFAINAZ [ & b R A 1 il A2 B R v B
H NH, * RERRERE )l 7™ th N, (Fu et al. , 2014) . BF5EIX
JEAT S R A A B R B e A 5 L R 1 K- R
TS, 2 JS A ) By BEA LA (L WEHESE, 20115 Li et al. |
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2013; Wen et al. , 2015) o QISR N ZRIE T HIA , XM
R RKFUALIY , Jit MAA ZE AA rhoa] DI 2, B2 PR X E A
TR ZART IR KN, . L, &0 X N ok
BT A M RETE A K. 7340, ERF 5w N T E L
NH, " BB K TAAE T 9 b, 8 LA N, TEAE Al
TARFITEAE ( Andersen et al. |, 1993) , #§ McDonough(2003) ,
JE A M T N 2 B AR, 202 x 10 7% JF HL, 7E b 40 15 4
s Rl A 2 A P AF 5 T B, A R v G AR 1) 2 R Al
CO, ,fHSRA REM 2 ] N, .CO SO, FEM: S 4% (Huraiova et
al. , 1991; Andersen et al. , 1995; fSih#E4E, 2004), FrLA,
TSRA TR (R 5 C B ) &5 N BRI N %2
PN, B E R AT X AR BRI R R BN, , /T
Rl T2 MM TRl T N, 7 LI b s
kB8 R H g A6 1 A8 A S SR T A i P AL 2 M R AL LN,
VMR RSP Bt 250 BRI, SR 40 1 AL Bl DX AG: I 21 1)
N >k B IRAR AR AT REEA K

N FEM R A P WK A, © AP0 il =
W5 S TR AR R B, T T A 3 DL AP I AR
R BRI H ™ w25 11, % B2 W keI, X 55
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Table 2 SEM-EDS analysis of gold and silver grains from representative gold deposits in Jiaodong Peninsula (at% )
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FEf X &% B N 0 Al Si P S Fe Gt Zn  Nb Ag W  Au Bk
g 1 7.32 12.29 6.51 11.08 27.98 0.73 34.1
B 2 7.17 16.34 6.22 15.93 24.25 0.6 29.49
W 3 6.64 15.84 5.29 14.2 25.97 0.22 31.83
=@ 1 8.04 3.26 8.01 1.8 36.8 42.09
X0635-15-1 -
b= 2 8  2.39 7.19 2.17 .74 37.86 40.65
= 3 9.11 2.63 7.38 36.76 44.12
= 4 7.3 2.82 8.57 37.96 43.35
= 5 8.73 2.86 7.52 38 42.89
e 1 16.37 6.08 15.74 27.78 0.42 33.6
X0635-15-3 =1 7.34 3.05 8.18 1.62 37.28 0.84 41.7
=@ 2 7.22 1.89 10.37 1.97 35.21 0.6 42.74
g 1 6.43 17.37 5.45 1.82 24.13 18.08 0.68 26.03
w2 6.98 15.02 6.67 1.58 15.93 22.64 0.74 30.43 A
W 3 6.45 12.89 6.49 2.09 16.26 24.3 0.27 31.26
X0635-154 {1 8.03 4.26 8.5 3.37 35.61 40.22
= 2 8.98 5.46 8.28 2.5 33.81 40.96
e 3 8.56 6.18 7.65 2.79 33.52 0.67 40.62
=@ 4 7.37 4.51 7.82 3.16 34.59 0.73 41.82
B 1 13.55 5.87 18.61 17.66 44.31
W 2 5.45 20.26 1.28 4.29 2.45 5.27 28.47 10. 69
Wit 3 8.34 11.41 8.43 3.17 13.22 17.11 0.67 37.64
S09132-5-2 | 6.12 6.32 20.61 0.42 66.53
= 2 8.67 3.1 9.52 2.31 25.63 0.66 50.09
3 9.79 2.95 10. 02 2.8 26.3 0.54 47.59
e 4 8.58 3.38 10.38 2.91 25.48 0.78 48.5
=@ 0 23.58 15.05 61.37
=1 20.09 29.24 5.2 2.54 7.82 35.11
e 2 16.48 15.81 4.63 12.74 50.34
Wik 3 70.37 1.41 5.85 22.36
wiK 4 69.93 1.67 5.85 22.56
B ams wKk 1 69.18 1.48 5.93 23.42
wK 2 75.83 1.3 4.29 18.58
wiK 3 12.77 49.14 3.23 6.95 27.91
R 4 8.83 48.03 1.53 22.6 2.79 16.22
WK 5 91.33 2.18 1.16 0.59 0.56 0.15 0.54 3.48
WK 6 18.89 11.39 29.63 3.54 0.68 5.6 30.95
=@ 0 1.22 65.85 Yang
| 54.15 12.45 et al. ,
®BIK 2 67.41 0.49 26.23 3.98 2013
wiK 5 57.15 0.62 18.77 15.8
BT 2  HIK 4 56.23 1.49 5.09 2.53 23.12
wK 3 36.71 3.49 7.8 34.87
®IK 6 24.68 1.35 2.61 47.2
WK 7 95.07 3.34 0.48 0.27 0.3 0.37
%K 8  97.85 0.39 0.93 0.25
w0 57.76 0.78 0.94 16.84 15.75
BWADR b WK 1 40.46 1.25 2.37 1.06 2.8 32.63
wiK 2 37.64 2.25 4.58 36.93
, HBK 1 67.95 1.91 1.13 24.22 3.56
RO e o) 11.32 3.78 4.67 1.4 53.93
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Hh KR B K I 6 RN AR AT B AR 25 B2 1 ARk
AR . RABEKTERETE I i TR Y CO, .0, N, il
HoAth MR, I HA K ANk 2 ok B R BEAK N JER D
NO, " B RAAAE (M 545, 2004) o R, 4 W0RCH N T
AR IS IR B TR AR K T N, 5 NO, ™ A E)
JA AR e, T LA TR R AAE T b, X 5K
D-O [Alf Z AT R I, B SRR TE 5 A RS K IR A
FH— 3 (Fan et al. , 2003; Li et al. , 2013; Deng et al. ,
2015a)

PRI AR A X N JC 3R SR B AL A TE S5 A R
IKHTEA . M, Yang et al. (2013) TEE8 B 847 PR4G 5 H) L
XA B N STRAFLE, JF Hod TAF5E X, th ] SO i 2%
e B A i A 5 R AR KR B R R AR L
6.1.3 P&

CA I UEN], P R] LATE /1 A 4 UKL b DL B - Iic
P ATE R FEALE (Southam and Beveridge, 1996) , 18 #iEk b 2
PR TR T R A E B R E . TR TE ML
BB B AR N Bl AR E ) AR S, TR HE A A
B TAMAEITER, I H PR TAAMEA T H (Sun and
McDonough, 1989; [ RUEFSERNE, 2002) . P K HA )
A AR, e M0 A Y o S 5 2 — AR AR AR
JUER , TE H W 47 15 M il fu B2 AR v oA e S i (AR OR,
1996) , fEZE a1, L HBTEMMEZ R AT P,0; T &
o BN, FORIE M K L A I (R ) A A T s & 5
43 S\PF CICEMITEE, 1990) . FH, P oAl ALAYA R 43 1Y
TEXAAAE T HOE AR b, SRR X 2 A AR T Wt %
_E P05 250.74% ~0.96% ,F-14 0. 84% ( Zhang et al. ,
2002; Guo et al. , 2013a) , 37 = T W58 X B AL (< 5 H P, 05
({04 0.03% ~0.04% , Li et al. , 2013) . I H A AWK
B, AR A 0 A AR P A R R AR B A (Fan et al.
2003 ; Deng et al. , 2003 ; XSZE4E, 20055 Mao et al. , 2008) ,
FRLAASCE 0 )X o P oA AT REE A BRI

A, M SRR E M P TR, LERITR
(P,05) WIERAAAE (5K R L, 2012) o fHJZ, it 5
0 Bl A8 R - PR A i R AR R T BB 43 St R P R TR AAAH
(BB, 2008) . MAh, P BANE FAMABITTE  AAMILAHE
PEFFAELa X, B P EHEE P o AR TR H R TEAL K
o, P AT ST R AFAE T, Bl K A1 S50 W4l JB T AR 45 ot
% (Roilison, 1993) . BFFE KB IR 2201 P,0, J50.03% ~
0.04% fHEFEH KA Aot M Eg-BaE-A
Y ARAE A T & 43l ~ 0.01% | ~0.025% | ~0.01%
il ~0.03% , B M AZ, P,05 B R AL, I HAZH P 99
(B MR A 5F) B TS FERE (Li et al. , 2013), I
AN TR 5 B0 5T SR BT A AE B o PRI A TR R IS
HER R PO, & 5 W] 2B IR A 1Y 43 B 4 a4 i (2R
AE%E 2007 ; Clemens et al. , 2011) , [RIW}, A8 5 Rl T 5
RS2 S5 352 1 BRI S ARl A BT TR JUAY , i SR R Y P
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FEG M 82 A S RO P, it AR v, i DL L
T i P IRORIE AR el T, O A R Y P
ok A HuTEEE A o S AR T RETER I

25 B, 0 YiIX P AT RERIE T IR S , 38 5 T I
R oA WA A A
6.1.4 Wik

W BB R (& Jm MEERREL 4 5 ) MM B, (HAE 5T 18 43
St AR R MR AR A WSRO TR B, TR S i e
B MAEHIE I 541 (Yin er al. , 2002; 7T, 2009)

O S W, £ TR B 800°C JE ) 1.5 x 10°Pa &
PER W B A R b, 78 3 R P A 23 S R RCTE AR
(K, <0.3) (VK MEAE, 1992) o [HtL, FETR ARt Ak rf W
R o dR D, S0 W R TS WOk B e I A i T R
AR

T WETE W TE U A P A R R S IR TE R T
R HEERE T AL WO, ¥ i B2, i B Ry 600 ~ 250°C , s J)
100,200 ,34MPa, Z55EN Na™ (K™ ) 8 76 & i PR R
HRRE S W TS A  TIRE 25 1 T DURE E WO, FERGR 1A
F BT, R AT LU 2R R O i R 4 I T
KA ILAE J7 (Wood and Vlassopoulos, 1989; ZER/ANZE,
2004) o ARG AL E A W & B EdE o 0.33
x107° ~1.65 x107° 334 0. 77 x 10 "° (Gong et al. , 2013)
WFFE DA A4 Ay rr - | IR 3 3t A, DA S i 38 s
S W AR AR B AR . AR AE XAIRTRL A Na ™ 3R AR 55
HW R AR ERAIC, (R s W BRI, K- SO d AR
XM B AZEE W, HiFerh W OEE F2 88 4 1 x 10 7° ( Rundnick
and Gao, 2003 ) ,JERERRER S5, W 5 O JEJK W-O Ffiz,
FFLA W AERERRER A3 b A i FE AR 5 ( Sh AR T, 2009) o J5
SE B BGR IIRE s I B PR O i i& Sl €O, + H,0
+NaCl = CH, M F , Ui WO, 783 (4 b 5 i B2 o o
I, WA IR A TE IR o R i s b s #, R S e At . 1
130 ~ 110Ma (- [ T4 4 2 6], 76 RAT B 78 AR A -
INEHLIX B, KB G0 TE I, LA ZR 40 1A 1
WAERY A ~ 120Ma( Li and Santosh, 2014; Ma et al. , 2014;
Goldfarb and Santosh, 2014; Yang and Santosh, 2015) , Hiit
ALHL, W AT REVR T 1 Bt A A AR v, 40 7 A Ak R
AR,

TEAS TTVE S50 LSS 8™ RIE AL AT 2 vh 2 B, B
AR pH 2FEH W LM EEHE R Z —, 3 H. pH fRb:
( >5.9) (Graupner et al. , 1999) , 5 W Hi3EM I HICHR
Ca Mn 1 Fe 2B R W 5B, i W JL3E T ok, JF HAE
BPERREE N B R SIS P A S B E(ERT,
19875 MBRIESE, 2013) o BHST X AT Y 0 & 2y i
B, OF HAES MO RS A Fe OFFETE, BRI, 7E 4
B W] S (T WGP 5 e 355 B

TERS A1 4 URL G DX rh JF ok R B W, R T Sz e b A
LT S PIVE AR PR L A0 SRR S AR B o
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Fig.6  Diagram showing 8 0, vs. 8D for typical gold

deposits in Jiaodong Penisula

Data sources: Sanshandao gold deposit ( Fan et al. , 2003 ; Mao et
al. , 2008) ; Xinli gold deposit ( Deng et al. , 2015a) ; Linglong
gold deposit (Mao et al. , 2008; Wen et al. , 2015)

6.1.5 Hen%k

F 58 XA A v R 4 1 RO 9 X M BR AL 25 PR 17 A /D
W S Fe Ml Zn, FOAH SRR/, HH 5434 gk
(FeS,) FIINEED (ZnS) S5 H5E M, AT BB AT PR A
HER , BRI TGV B 1) SO AR e 1o TR I 5%

6.2 HW MBRKERET MEEYE

BRI =0 RS B A I AR B ) B R R
CARERER MR, ARG CA DA AR
P AR A H K 8D = — 80%0 ~ — 40%0,8" 0 = 5. 5%0 ~
9. 5%0( Sheppard, 1986; Ohmoto, 1986) ;75 Jii 7K 8D = - 65%0
~ =20%o(Taylor, 1974) , =/NJHLG IR 8D HLEAHML, #B4E
O JRAGE HKTE I P . BB A AT LA BEIZ 1 60
SEIERRBEAEHBR . ZINSET 5H &0 AR, F
BERARAE TR A SR AR I /N B DI, ) R A FE 3T RAUK
maH, UK RRUR IS ACH £, 5 A RSBEKn
Ao SR RXS H, BFFE DX R K TR A A X A
A XS HTCN BIEEIEA— B (181 6) o #5458 EIUMIXITR >
Bl 0, AR B IR A Z R IR AR & . FELIAEHK
KR I HAM IR G A RAOK TR A il
AERIRARED) o KR W FORIERIWF R B, th T
R AAFITC AR AR B E | LA e e = 8 R ok 2 (9 48 <
T AV ABREE LT 0y, DR R A Sy ) T 1) T B P
/N(Mao et al. , 2011; Li et al. , 2013; Goldfarb and Santosh,
2014; Wen et al. , 2015) . F34b, B AL KA BRI A

£ LFH/ 2015, 31(11)
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BRI G 1 ARE  AFEAE D (A8 BB, B AT 25 (8] 1%
A AR AR K 2 AR B e O ) 5T AT RE
#¢/IN( Goldfarb and Santosh, 2014) , B8 REZHFHE R, IKER
Hi DXL 2Rt -V Ji A TR 8, A I ) 0 S ) B e
BEUIER BN RA AR IRX, SRIE TR ER 2 I ( Deng e
al. , 2003 ; Fan et al. , 2003 ; Mao et al. , 2008; Tan et al. ,
2012, 2015) ,

Au ERBIABE TR I 20 £ B B [ Au(HS)" Al
Au(HS), " JFIGALYI[ AuCl, ™ 13 (Wen et al. , 2015) . BF
TG Y EZ NG, UM R X Au FE UG
[Au(HS), " 1WIEiE# ,Jf H O A iR KB IG5 1
F1( >3 ~1.2kPa) FIJR (545 ~306°C ) % #F Au(HS), ™ fis
I 5% (Fan et al. , 2003; Wen et al. , 2015) ., ALY TE
PBE ik J5UER R, X 5 1 3C O JTR TR R BREAH — 3

7 g

(1) AR L TRY = Pl A S 0™ 7 PR b < 7 ) 2 2 DL 2R
& EEREMRRSESWA TN P, 8 TRET R51,
TR T AR R A T A v I AR S TR A MR e
M5,

(2)“PhASH R 8 e P M IX A 0N W . P Jg
o K O BB IE IR N I8 I FR B, 5 A S kA
AAECEL, AR 5 0 S T IR B I o e

(3) JBZR A 5 0™ 0 A7 S kR < 7 L A 2
PR A o N AR KRR MR A, 5 A S kB 40 A0 L
B, AR T R AR R s S M YR O AR A 5
WS AR A T AR A SR I R B UTTE
B 3 A i 553 A

(4) AR B AT Wy ORI 5 B 2 - o H
AR A, AT RE U B TR s Au T B LLE ALY [ Au
(HS), ™ JiEia#.
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