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Abstract: Located in the west part of North Qilian orogenic zone, the Dishuishan gold deposit is one of the altered cataclastic rock
type deposits hosted in volcanic rocks. LA—ICP—MS zircon U—Pb chronology indicates that the andesitic crystal tuff was emplaced
at (479.7£6.9) Ma, the granodiorite was emplaced at (426.9+6.7)Ma, and the gold bearing beresite was emplaced at (482.7+9.5)Ma,
which represent the ages of ore —bearing volcanic rocks, whereas metallogenic age should be later than (426.9 +6.7)Ma. The
geochemical data suggest that the trace elements of volcanic rocks are rich in K, Rb, Th, and relatively depleted in Nb, Ta, P, Ti. The
volcanic rocks and related mineral ores have similar chondrite—normalized REE patterns, exhibiting right—dip curve, the LREE are
relatively enriched and Eu negative anomaly is weak. Combined with the trace elements and the REE characteristics, the authors
infer that the volcanic rocks were formed in an island—arc setting, related to subduction of Qilian oceanic crust. The volcanic magma
contaminated by the upper crust probably came from the partial melting of the mantle wedge, which had undergone metasomatism
induced by the subduction fluid. The chemical composition of the granodiorite reveals SiO, values ranging from 67.48% to 72.68%,
K,;O+Na,O values ranging from 7.15% to 7.44%, Rittmann index ranging from 1.78 to 2.07, and aluminous index A/CNK values
ranging from 0.95% to 1.19%; the trace elements show enrichment of K, Rb, Th, U and relative depletion of Nb, P Ti. The LREE are
relatively enriched and Eu negative anomaly is medium. The granodiorite belongs to Na calc—alkaline series weakly peraluminous I—
type granitoid, and was formed in a volcanic island—arc setting of arc—continent collision and indicated crust and mantle source.
According to regional geological data, the metallogenic tectonic background of the Dishuishan gold deposit was developed from the
subduction of the North Qilian ocean basin beneath Alxa land block in Early Ordovician, which formed island—arc volcanic rock,
and acted as main source bed—arc—continent collision in Middle Silurian period, which formed syncollisional granodiorite after
Late Silurian period, and Qilian orogeny and intraplate extension in the post orogenic stage led to the enrichment of gold.

Key words: zircon U—Pb dating; volcanic rocks; geochemistry; Dishuishan gold deposit; mineral exploration engineering; North

Qilian orogenic belt
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Fig. 1 Geotectonic location (modified from Xia Lingi et al., 2016) and geological map
(modified from Hui Jianning et al., 2013®) of Dishuishan gold orefield
1—Quaternary Holocene alluvial—pluvial deposit; 2—Yaomoshan Formation of Upper Ordovician; 3—Upper Yingou Group of Lower Ordovician;

4—Middle Yingou Group of Lower Ordovician; 5—Caledonian granodiorite; 6—Caledonian diorite porphyrite; 7— Granodiorite vein; 8—Diorite vein;

9—Altered cataclastic rock band; 10—Gold orebody and its serial number; 11—Geological boundary; 12—Parallel displacement fault; 13—Inferred/

measured unknown fault; 14—Measured thrust fault; 15—Exploratory trench location and serial number; 16—Drill hole and its serial number;

17—Attitude of rocks; 18—Sampling location; 19—Measured profile location and serial number; 20—Comprehensive anomaly and its serial number
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Fig.2 Measured section of Yingou Group and granodiorite body in Dishuishan gold field
1—Quaternary Holocene residual-slope deposits; 2—Lithic sandstone; 3—Andesitic crystal tuff; 4—Andesitic debris crystal breccia tuff; 5—Andesite;

6—Moylonitic andesitic crystal tuff ; 7—Granodiorite; 8—Gold mineralized altered cataclastic rock; 9—Quartz vein; 10—Altered cataclastic rock;
11—-Gold orebody; 12—Fault character unknown
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Fig. 3 Petrography of Yingou Group volcanic rocks and mineragraphy of the ore in Dishuishan gold orefield
a— Specimen of andesitic crystal tuff; b— Specimen of andesitic debris crystal breccia tuff; c— Crystal fragment of plagioclase and amphibole and
chlorite formed by late alteration, transmitted light; d— Crystalline residue of plagioclase and pyroxene and chlorite formed by late alteration,
transmitted light; e—Crystal fragment of plagioclase and amphibole and chlorite formed by late alteration, crossed nicols; f— Crystalline residue of
plagioclase and pyroxene and sericite formed by late alteration, crossed nicols; PI-Plagioclase ; Hb—Hornblende ; Chl—Chlorite ; Ser—Sericite ;
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R2 HAKLTRMBLTEERARKEEETE (%) MELR HLTE(0) TR CIPWIHEER
Table 2 Major elements, trace elements, REE and CIPW calculation results of granodiorite in Dishuishan
and Hanshan gold orefield

¥ DSS14-1 YZH-1 YZH-2 YZH-3 YZH—4 5 DSS14-1 YZH-1 YZH-2 YZH-3 YZH-4
Si0,  67.48 6822 71.74 68.02  72.68 Pr 6.22 5.96 6.47 6.33 5.57
ALO, 1561 1539 1342 1497 1277 Nd 20.80 1600 17.11  18.01  14.94
Fe,O, 2.07 0.21 0.33 0.50 043 Sm 3.95 4.11 420 443 4.01
FeO 1.70 286 223 259 221 Eu 0.85 0.70 0.64 0.70 0.58
MgO 151 1.39 1.17 1.39 1.05 Gd 3.79 2.89 3.15 3.22 2.88
CaO  2.73 238 1.29 1.29 1.52 Tb 0.55 0.45 0.47 0.51 0.39
Na,0 441 444 499 437 486 Dy 2.83 222 2.17 2.50 2.19
KO 274 272 245 279 244 Ho 0.52 0.45 0.46 0.47 0.46
MnO  0.06 0.08  0.05 0.05  0.07 Er 1.50 1.32 1.33 1.56 1.32
TiO,  0.56 0.48  0.41 049 042 Tm 0.23 0.18 0.17 0.21 0.17
P.Os  0.17 0.15 0.13 0.13 0.12 Yb 1.40 1.09 1.02 1.21 1.07
LOI 1.26 1.33 1.35 1.35 1.45 Lu 0.21 0.19 0.14 0.19 0.15
Total 100.30  99.65 99.56 97.94 100.02 8Ce 1.04 0.81 0.83 0.84 0.83
Rb 6850  64.00 56.00 66.00 52.00 SEu 0.66 0.59 0.52 0.54 0.50
Sr 398.00 421.70 449.80 398.00 162.00 *REE 124.15 107.35 12131 12093 95.12
Ba  533.00 619.10 498.60 573.00 437.40 LREE 113.12 9856 11240 111.06 86.49
Th 13.40  18.030 21.100 13.36 16.11 HREE 11.03 8.79 8.91 9.87 8.63
Nb 11.80 9.00 800  9.00  9.00 LREE/HREE 1026 1121 12.62 1125 10.02
Ta 1.11 - - - - Lay/Yby 1327 1808 22.62 1832 15.04
Zr  130.00 - - - - CIPW 45 %

Hf 5.19 1200 10.00 12.00  10.00 AHQ) 23.68  23.61 2823 2671 29.79
Y 11.90 1123 1057 12.64 1132 5K F (An) 12.55 11.01 5.65 5.75 5.91
Sc 5.71 491 6.08  4.49 WKA(AD)  37.68 3821 4299 3828  41.72
Cr 2590 3033 27.72 2607 24.12 IEKA(Or) 16.35 1635 1474 17.07 14.63
Ni 11.70 991 1125 873 8.37 KIEN(®) 0.84 1.19 0.53 2.82 0.00
A 59.00 6423 549 6539 4877 EHEA(DI) 0.00 0.00 0.00 0.00 0.79
Li 2190 2470 2134 22,67 1955 | EHMEAMHy) 440 8.03 6.26 7.34 5.44
Co 9.32 85.16 3138  7.65 6.39 LR (11) 1.07 0.93 0.79 0.96 0.81
Cu 10.10 22,11 2533 2241 28.87 HEERA™ (M) 3.03 5.96 0.49 0.75 0.63
Pb 1550  <3.00 <3.00 2044 2023 K41 (Ap) 0.40 16.00 031 0.31 0.28
Zn 4240 4838 3733 64.53 3737 | 4RiEEHOD  77.71 411 8596 8206 86.14
Co 9.32 85.16 3138  7.65 6.39 HO& & 2.93 0.70 3.92 3.38 4.06
Ga 1730  17.18 1630 14.00 16.39 A/CNK 1.03 2.89 1.02 1.19 0.95
U 1.85 200 240 300  3.90 SI 12.15 045 1047 1194 955
w 072 394.00 162.00 0.60  5.70 AR 2.28 222 3.05 2.57 3.09
Sn - 280 200 400  4.00 RI 2195.00  0.45 2395.00 2308.00 2497.00
Bi 0.11  <10.00 <10.00 <10.00 <10.00 R2 680.00 132  468.00 518.00 472.00
La 2590 2748 3217 309 2244 A/MF 1.76 0.18 2.05 1.91 2.01
Ce 5540 4431 5181 50.69 3895 C/MF 0.56 1.09 0.36 0.30 0.44

1 DSS14-1 R/ LT X SRR, YZH-1~YZH—4 5 | FHIE L5 X (O 80E (B 56304 ,2004) .

20 s ARZE IR 65 sTOLRIN, R R IWESERAAH 1o, HIMBCFIAEE 95% M) B IH R

FTU—Pb RIAFIRTHER ] Glitter #7751 T , @ 4 G 5T i K L (DSS14-2) R 5 A
e TEF IR Anderson(2002) B 7 #s . AFIRHE S KA 2 50~150 pm, 2 5 AHPIR , K58 H 29 1:1~2:
&l 2 il & H Isoplot 4.15 5 i, /N T 1000 Ma &% 1, 45X & & (E 10a) , 32473 AT i1y U
FH2Pb/ U AERS , KT 1000 Ma K FH "Pb/Pb4FE#t . Th & 43 71 8 248.99x10°~781.51x10°,130.80x
BE A U—Pb A7 225008 W38 3, AN EE iR 2235 107°~471.38%10°° (% 3) , Th/U HLfA A F 0.26~1.03,
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Fig. 9 Primitive mantle—normalized trace elements patterns (a) and chondrite—normalized REE patterns (b) for the granodiorite

(normalized values after Sun et al., 1989)
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BRAF AL <3 TN A W8 (B R R R AR AL (]
A RCA AR 5 ) S AU AR 72 1L PG B b AT Y 4 1
S R B AR IS ((424.0+1.6) Ma) A3 (P05 3%
85,2017) , Rt o7 F A0S 3% s 1 s L B
I B 31 B PN (440~360 Ma) (ARG 64E,2013) .

KT K A B A, BT A 4B X FE 114
T A R T TR 21 He . BAMITEE(2001)
1FFE 1 &0 L L B B 4 A B ik Rb—Sr %%
R AF % 4 (395+46) Ma, Bt SC4E (2004) 7/ 445 98
L4 7 4 4 A0 9 ik Rb— Sr %5 I 28 4F 1% "4 (303 10)
Ma, ARHEFEE(20050)MGFEIN L0 5 BT
A1 AL BER Rb—Sr A8 A ZRAE 1 4 (339+10) Ma, 1%
[ 4 (2005b) P45 28 1L 4 0 10 4 - dE b — gk
W™ — A1 HEJhk Rb—Sr 55 i 28 A 44 4331 A (372+8) Ma,
R, FE I A0 B [R) 67 28 AR IR (B A T (395+46)~
(303+10) Ma, ARAFFERE & S RA I a5 A
U—-Pb4E#E H7(482.7+9.5) Ma([8 11b) , iZAEIRIC R T
WA 1L T B R I TR AT , 2 BRIE L0 1
W [R ZARE AR S IN A IO A A8 , Tk L 4
WA LA R RV I T(426.9+6.7) Ma([E] 11c) .
6.2 EAMERIEX MR
6.2.1 KA XL 2

K L& w X MIE L £ XA K17 Cr,
Ni, Co Jii &8 4305 % 4 11.40 X 107°~106.70x 10",
5.92x10°~43.39x10°.7.51x10~30.50x 10", i&fik T
JEU 0 1l T F 23 B0 (Cr=1020% 10" \Ni=2400x10"°,
Co=105x10") (Rudnick et al., 2003) , F B HOR HA7
e Y5 I B o 3 4 )R P (Frey et al., 1978) . IAM,
Wk 1l & KRB T 55 A1 0 K (LILE, 41 K.\ Rb,
Th), B4 75 45 = %58 0 % (HFSE, WINb \ Ta P\ Ti)
T 5 S S B LA S T R A e A U —
2,5 B IR BE X A R 8 i o6 R 43 e 2 X B
TR, FiT LUK & AR50 3= 5 i = i
JCE NAFME M5 3 0 DL 2 4R (IR 5 ot 2 o4
IE (B3 305, 2004) ,Nb  Ta F1 Ti 19 7 161 , $5 75 P
XA M (B & 40 A 55 ) (P I 55
2018) , iX SL 47 3 B AEAE T IR i s I AR 224X
()75 45 Hb e rf (Hawkins, 2003) . 78 REE 43 &l |,
KI M i2H 1 (LREE) B %, & 41 LREE £ 2k A
PRF g AA , HLAF ST XA KA Yb<5%107°, Ta<1 %
10°°, Ta/Yb<0.5, La/Nb=1.98~4.96 ( J&i ti4 i1 % La/Nb

9.0.98~1.00, 53K 3% La/Nb>1, Condie, 1982) , L)
RIS N KA K A S B IR B A G
(Condie, 1986; FhiE % ,2018) , [ ik s X P kL
IR I 2K R BE R IR T 32 A0 wp AR e B K 0 il g
R 2 (Ellam et al., 1988).,

FI AR PR A 22 58 K I A IE sl oo R 1Y He A
AT LUA RO B A R X R s TR Y fR B (TR 4 2k
85,2010) & 4 LIS ANV U M Zo/Nb<18, 75 b
Hii i Zr/Nb>18 (Le Roex et al., 1983) ., X IRH" k
I Zr/Nb 4T 15.07~19.09, |5 7~ X N K L i ik
T T My 0 RN 5 45T b S A3 R W, TiZY (M
108.24~259.24, -1 {4 193.40, 5 5 35 #u & Ti/Y (4
271 13T (Sun et al., 1989) . Hi7¢: H HA & =AY
La/Nb {H (Weaver et al., 1984 ; Wedepohl, 1995) ,F
1.77~2.90, W 7 22 2R Y AR H , RAHZ TCE La
AEXT T Nb 23 B 8 7 (R 855, 2015) , IX PNk L
A La/Nb AT 1.98~4.96, |5 75 X PN K 1L 1H % T
SEIRYEH , 76 R in HusAr v b il e Z B P, Rb—
Th F: 0§, Nb—Ta 24l , i — 2D F8 78 KIS G R TE I
R AR rT BE 37 3 L A B9 TR Y& (Wilson, 1989,
ZEAE 2018) 0 XN KL B B Ce f 3,
2 B U5 DXV A R R T AR W 4 i A (Turner et al.,
1988).

Wilson(1989) AN, FESEf i B b, FEse b il
S AR IR W) 0 TN K o I 7K e A8 SRy o A
W, BB IR R BRI SO R A K oI
fall, AT ™ A= 5 7K B TR R M A s mil A, 2 5 T
HEA b AR BEAR T E AL R B &
AT R, R 51 K S AR, BRI 9 X 5
S LU IO A IR b e B 7K 7= A PR SRR (R4 3 7K
T PAFIRES A3 B A ) 524 e 2 52 358 s T
B CEARYT 45, 2003) , 7240 0K 1) L is B myad # v L
W22 T FHSEIRAEH
622K MK

A6 13 7 1 DR 2 B ) ) 2 A B Y A T
(IFERR RIS, AT ISAM R0 202 F 0 i) 12 A Al
DR Ap 205 %8, T S U A U5 DL, M4 S 7 i,
(H POMESE,2002) o A ARZ 55 DO IRN Y ff BE 42
A Z 8081 53] 77 1, Ul Chappell et al. (1974) VIR +8
BOLAAERIX A3 TRURT S B ALZE  Miller(1985) Fil
TGS (2007 AN N AT 5 A0 R R BE 4
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465 o] KRS HIN A TR LA XK ILS S A1 U-Ph 4RI a0 R IL # R e SR I 175 5 1473

SEHNWr TR S RUFN A TUAY 1<) 45 B A AL ) 2 b
. Chappell (1999) % Lachlan 5 48 4 4E (i ‘& HY BF
FERI, TR R A T, POs % HE B S10, 7 &
T REAR, T 7E S BUAE 5 2 v, P,Os 2 1B Si0, 2 L 11
BN R AR ANAR | 3R R T KA TR AR -
SRS (A/CNK<1.1) B TRIAE b e 3 v s e AR
K, B SeSs i, NI R A IK PO KRR .

P B R BT LA A A R A K H ek Ak
SERRAE R R, RN TRl — A5 40 RN A A e P2
BRI AR2E B B AL, AR TR R A A, HOE iR
55 0 IR R AN ok ik R U AR [ (DR 55
2002), W5 XAERINK FE R AHCA AR HK
A N SRR BRI R S R A
B, PoOs 75 B SiO, 7 2t A3 NI AR, Bl K AR=
2.28~3.09, JB A5 08 R YA A, B RER T, 55 TR
B A/CNK A T 0.95~1.19, 75 J5 14 b 15 7 74 Ak £
JTLHR K (E9a), /A B E 4 K Rb . Th U 55 K
FIEAICE M5 1 Nb P Ti 55 5 75800 R O HHE,
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Fig.12 C/MF—A/MF diagram (after Alther et al., 2000) and Rb/Sr—Rb/Ba diagram(after Sylvester, 1998) of granodiorite
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