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Rb—Sr isochron age and isotopic compositions of H, O, S and Pb of the
Gaozhuang gold deposit, Xixia County, Henan Province: Identification of
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Abstract: The Gaozhuang gold deposit is one of the important Au deposits in Au polymetallic ore concentration area of northern
Qinling Mountain, Henan Province. The Rb—Sr isochron age and H, O, S and Pb isotopes of ores from the Gaozhuang gold deposit
were analyzed so as to constrain Au mineralization formation age and discuss the source of ore metals and the controlling factor of
deep ore fluids discharge as well as the Au mineralization potential. The “Rb/*Sr and ¥Sr/**Sr ratios of pyrite and quartz from 7 ore
samples are in the range of 0.0709—5.963 and 0.711139—0.721982, respectively. The initial *’Sr/*Sr ratios are in the range of
0.711025+0.000052 and the Rb—Sr isochron age is (129.8+1.4)Ma (MSWD=1.3), almost consistent with the age of the Yanzhen
granitic intrusive and the Gaozhuang granitic aplite. It is suggested that they were nearly formed at the same time of—130Ma in early
Cretaceous. The 6" Ov-suow and dDv-swow values of 3 quartz samples are 11.6%0— 12.1%0 and—60.9%0——42.5%o, respectively. Their
6"*Owuo values range from 2.16%o to 2.66%o, suggesting that ore—forming fluids of the Gaozhuang gold deposit were a mixed source.
The 6*Sv-cm values of 6 pyrite samples are from—2.8%o to—1.6%o with a tower shape in the 6*'S histogram, which indicates a mantle
source. The ratios of **Pb/”Pb, *’Pb/**Pb and **Pb/**Pb of 7 samples are 17.549—18.278, 15.461—15.619 and 37.593—38.428,
respectively. Their u, A a, AB and Ay are 9.30—9.51, 59.52— 75.10, 11.44—19.80 and 30.38—37.99. In **Pb/**Pb— *"Pb/**Pb
and *Pb/"*Pb—""Pb/**Pb diagrams, sample points of the Gaozhuang gold deposit are close to the orogenic line. They fall into the
crust—mantle subduction zone mixed lead source and the orogenic belt lead source in Af—Ay of Pb isotopic diagram. It is suggested
that metallogenic materials of the Gaozhuang gold deposit were derived from the lower crust and the upper mantle, with the addition
of the upper crust materials in the ore— forming process. The formation of the Gaozhuang gold deposit was closely related to
Yanshanian intraplate (intracontinental) orogenesis of northern Qinling Mountain. The Gaozhuang gold deposit, the Yanzhen granitic
intrusive and the Gaozhuang granitic aplite are all products of regional lithosphere delamination. Deep fluids were rapidly
discharged, and diverse sources of metallogenic materials at different depths were connected in the process of regional lithosphere
delamination. The Gaozhuang gold deposit was formed when the mixed fluids stopped moving in shallow crust. It is suggested that
the deep part beneath the Gaozhuang gold deposit and the Yanzhen area possessed endogenetic metallogenic potential with rapid

discharging of deep fluids controlled by regional lithosphere delamination.

Key words: Gaozhuang gold deposit; Rb— Sr isochron age; intraplate orogenesis; metallogenic material; lithosphere delamination;
mineralization potential; mineral exploration engineering; northern Qinling Mountain;Henan Province
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Fig. 1 Simplified geological map of Gaozhuang—Erlangping area and distribution of Au deposits and mineralization spots, north
Xixia County, Henan Province
a—Simplified tectonic map of Henan Province (modified after Bureau of Geology and Mineral Resources of Henan Province, 1989), I—North China
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craton; II-Qinling orogenic belt; F— Lushi— Luanchuan— Queshan faults belt. b— Simplified geologic map of Gaozhuang— Erlangping area and
distribution of Au deposits and mineralization spots (after No. 1 Geological Survey Party, Bureau of Geology and Mineral Resources of Henan
Province, 2005 ®); 1— Quaternary; 2— Waulichuan Formation of Upper Triassic; 3— Zimugou Formation of Upper Paleozoic; 4— Baoshuping
Formation of Upper Paleozoic; 5—Xiaozhai Formation of Upper Paleozoic; 6—Huoshenmiao Formation of Lower Paleozoic; 7—Damiao Formation
of Lower Paleozoic; 8— Erjingou Formation of Lower Paleozoic; 9— Yanlinggou Formation of Paleo— Proterozoic; 10— Shicaogou Formation of
Paleo—Proterozoic; 11— Yanshanian monzonitic granite; 12— Yanshanian syenogranite; 13—Hercynian granodiorite; 14—Caledonian granodiorite;
15— Caledonian plagiogranite; 16— Caledonian monzonitic granite 17— Caledonian diorite; 18— Proterozoic monzonitic granite; 19— Geoloigical
boundary; 20— Fault, 21— Location of Au deposits and mineralization spots; Al— Longtangou Au deposit; A2— Yangshugou Au deposit;
A3—Gaozhuang Au deposit; A4— Shuidigou Au deposit; A5— Zhubaoyanling Au deposit; A6—Haoping Au deposit; A7—Meizigou Au deposit;
A8—Jiaogou Au deposit; A9—Wantan Au deposit
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Fig. 2 Geological map of the Gaozhuang Au deposit, Xixia County, Henan Province (modified from No. 4 Geological Survey Party,
Bureau of Geology and Mineral Resources of Henan Province, 19939)
a— Geological map of Gaozhuang Au deposit; 1— Quaternary; 2— Huoshenmiao Formation; 3— Damiao Formation; 4— Hercynian granodiorite;
5—Yanshanian granitic aplite; 6—Granite; 7— Au vein and its serial number; 8—Au altered belt and its serial number; 9—Drill hole and its serial
number; b—Geological section along No. 9 exploration line; c— Geological section along No. 24 exploration line; d—Geological section along No. 48
exploration line: 1— Quaternary; 2— Huoshenmiao Formation; 3— Au vein and its serial number; 4— Au altered belt and and its serial number;
5—Yanshanian granitic aplite, 6—Granite pegmatite
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Fig.3 Field and microscopic photos of wall rock and gold ores from the Gaozhuang Au deposit
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%15 Finnigan 23 7 1 MAT-252, 43 Hri% 22 4 78
0.2%o AN, 5D Fi1 5O F A% V-SMOW Z fH.,

S Pb [Al i 2 43 #7 B AL RS BAR A PR 7 [H]
NELEE M S AR R V.03, iR
A7 Thermo Fisher 73 7] i) MAT 253plus ., Flash EA JC
P A Conflo IV 2 FHi&#2 11, Pb [Al AL
22 TR ZEIB B HE FTHNOSIAFRE)S , K Sr bk
A AR5 8, {5 4 Thermo Fisher 23 7] f)
Neptune plus % MC-ICP-MS,,

5 A% R
5.1 Rb-SrEfIEER

o A A B R LG P ) Rb—Sr Rl 7
ESUInerE /e g I

6 (F B AR L Rb St & 14331 T 0.5294%
10°~0.9813x10°F10.4332x10°~2.127x10"°, 4 - 4
YERE i Y Rb St & 1143 314 T 0.0781x107°~0.1987%
1011 1.424x10°~5.643x10°°, 10 1FE 5 8 Rb/*Sr
FUAE Y5 Bl R 0.0709~5.963 , Ho i gy Sk i i) “Rb/*Sr
F AR B RIS, AT 0.0709~0.2985, B A THY St/*Sr
e {75 B K 0.710189~0.721982, B &k 1™ FE &
() ¥Se/*Sr L AH B B AR =, 7 T 0.712473~0.721982,

FE = E 41 Rb—Sr A8 I 2R i, 10 A A o
[ 45 I 28 4F i S (139 +28) Ma, H 1 GZ05PY .
GZ06QTZ Fll GZOSPY = /™ FF fil 1 IH ik i 25 A A4 #4
P (K da), B Rb A1 St EEZ 45T H AT )
RN AR A, I HLJE W i A oo /E I mT

®1 BESY HRY FTAZERb-Sr B RAR
Table 1 Rb—Sr isotopic analyses of pyrite and quartz from
the Gaozhuang gold deposit

5 B AT Rb/10C St/10° YRb/ASr ¥Sr/“Sr
1 GZOIPY 3EEKW™ 0.9813 1.576 1.842  0.714482+9
2 GZOIQTZ % 0.1347 5.643 0.0709 0.711139+7
3 GZO4PY  EERET 05294 2.058 0.7618  0.712473+8
4 GZOSPY  TERW™ 0.6315 2.127 0.8743 0.714541%12
5 GZ05QTZ % 0.1562 1.542 02985 0.711576+7
6 GZ06QTZ  fi%  0.1987 2335 02507 0.710189+14
7 GZOTPY  EEH 07608 0.7559 2936  0.716497+8
8  GZOSPY  HEH™  0.6139 04781 3.781 0.720015+16
9  GZ27PY  HEEH  0.8756 0.4332 5963  0.721982+8
10 GZ30QTZ % 0.0781 1424 0.1624 0.711234%9

RZ M0 E 1 Rb—Sr [/ 2 /& 3 (Han et al., 2007) . %3
Hh—TJ7 T, i R A BT A e (1 Rb A Sr 7
A, P RE S B B R R 25 e K, AR
GZ05PY . GZ06QTZ F1 GZO8PY HJ “Rb/*Sr It A 1%
2 T HARRRS (R 1) o Fr RAFEAERS A B X
3UFRESANT 558 B4 7 MRS R T — B2k
PEF I OC R ([ 4b) |, JRA5 1 55 B 2R AR % S (129.8+
1.4)Ma (MSWD=1.3) , ¥ & “St/“Sr b fH A
0.711025+0.000052.,

52 HORMIELER

EE B AR TR A SR HL O [ 2 4Bt
GERIFR2,

AT 3 R A SRR Y 60y swow fH I
ODv- swow TH. 43 51 A F 11.6%0 ~12.1%0 1 — 60.9%0 ~
—42.5%o , HR A5 A7 0 T A A AR S4B LA e~
G EA TR R s T B = 7 X B0 Y NG R
0" Ovao B , R VR 50 JFE 4 0 I A F S AR it 36 W HL
BT Y — R SR 240°C®, 4348 )7 5K H 1000100 e
=3.38 x 10°/T°— 3.40 (Clayton et al., 1972) , BEATHY
5" Ouao [HA T 2.16%0~2.66%0 (£ 2) o 55 FE4H 1014
A1 ERE Y ODv-svow F1 6" Ovao 1.3 141 T — 83.4%0
~—42.5%0 11 2.11~7.06 (£ 2) , 4 M S E A 6°0-3D
P it 1) SR K DB BB, 6 R it i Vi A AR T
TR X358 B B3 (81 5) 3k & B s FE 4 00 Bt AR 2
ARG AR AIFFE
53 SEIE&R

R0 A T 1Y S R ZR AT A R L
%3,

AT T R S 0S (A T —2.8%0
~—1.6%o , T VK47 TN B AR S 1Y 5S AE 3 51 R
—1.2%0 F1—1.3%0, B AT 7~ 1 B 5 A 5 2040 A RAIE
(E16) o ZKHBIE &8 FEE PR 40/ 64 S{E I iR T
A RRAE , FUEM T, K HUYA & 07 Bk R
(1) S SIERR TR R4 1, B a0 i 6™'S
HEAR PR KT RS0 Eg 1Y o*SE (K 6) .
54 PbEIIRLER

Fo TE A0 1 A SR LA SR P A R
Bref 4.

f E a0 6 18 BBk BT A A Y °Pb/AMPb L
{8 . *"Pb/™Pb L 1 **Pb/™Pb L i 785 43 % M
17.549~18.278 . 15.461~15.619 il 37.593~38.428, &
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5 07181 507201
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0.714 + 0.716 +
t=(129.8+ 1.4)Ma
AR, R4,
1= (139 + 28) Ma (104M4f i £0) (iR I 12%4 ol
0.710 1 © N, S 0.712 + 85 il 1)
YIUETSt/*Sr=0.71107 £ 0.00010 VIETST/“St = 0.711025 £ 0.000052
MSWD =350 MSWD=13
0.706 . + . + . t 0.708 . t . t . t .
0 2 4 6 0 2 4 6 8
YRb/*Sr TRb/*St

Fl4 mEann A ek Fil A 950 Rb—Sr 45 AT 2k K fif
a—10 {4 & 19 Rb—Sr 45 It 2R et s b—7 {FFE 5 (4S5 GZOSPY .GZ06QTZ Fil GZOSPY ) ffY) Rb—Sr 45 2k [&1 i
Fig. 4 Rb—Sr isochron of pyrite and quartz of ore from the Gaozhuang Au deposit
a—Rb—Sr isochron of 10 samples from the Gaozhang gold deposit; b—Rb—Sr isochron of 7 samples ( not including GZ05PY, GZ06QTZ and
GZO08PY) from the Gaozhang gold deposit

ITHY i A o B AB (LA Ay (75 BRI K 9.30~
9.51.59.52~75.10 11.44~19.80 #1 30.38~37.99, H:fi
JME R KAB 53 5 1 B FE &L YPI9PY Fl GZO1PY .,
AU 2Pb/Pb HUAE P/ Pb LU {H A1 **Pb/**Pb F
AR YK N 17.855 ,15.553 F1138.081, X Wi (1 ufl . Ao
185 ABTE I Ay [EAMIR K 9.44 .68.40 .16.76 F138.65 .,
£ *Pb/Pb—""Pb/*Pb [l fift 1 , 1 4 0 A iy
A8 S5 A7 T 38 1LY P AR Ze P, I = 4
YP19 A i 5 A F I g P i Ak 2 B3 (8] 7a) o
1E 2°Pb/**Pb—""Pb/"Pb [ fift ' , 15 & 4 0 A% i (R 4%

ST LA Ph A (& 7b) o £ Pb A &R
(1) AB—Ay g ([ 8) |, e A R b i T L i
T MR A R ey Pb (3a X, 5 A AR FIAE )
Fid L Pb(8 X)) AR XA

6 1T &
6.1 BB

W T 5 6 B B A — 4 PR 2 B9 1Y
AT S5 2 — 45 P4 B BRI A 1A 7T
AT RS BEE SRS A i PR

R BEEV EVAPAENS . KRMLEEM

Table 2 "0 and JD isotopic compositions of quartz in gold ore from the Gaozhuang gold deposit

F5 WK BERES IRTY 0"Ouswow/%o  0Duswon/%e IR/ C 68"Owmo/%  Krd KI5
1 GZ01 o 11.6 -60.9 240 2.16
2 GZ05 £ 12.1 -43.2 240 2.66 A
3 GZ07 Vg2 11.9 -42.5 240 2.46
4 K92-10-3  fi3E 10.6 =74 260 2.11
5  K92-10-4 A 115 -66 260 3.0 BEEMESE, 1999
RS H - o
6 K92-10-5 A% 12 -67 260 3.51
7 GZ-03 Vg 12.2 -78.9 313 5.76
8 GZ-06 FYE 13.5 -83.4 313 7.06
. 414, 2017
9 GZ-11-1 FgE 132 -80.9 313 6.76
10 Gz-17 FigE 132 -76.3 313 6.76
n . XHK-1 it 153 -70.5 285 7.85 _—
et . T2 W14, 1998
12 XH-6 PEE 13.4 -69.1 285 5.95
T VT IR EE FT IR A X I ) S SR Sk, AR S FH I v A SR B T A (4
A A 5E(2018)®,
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Fig. 5 6"0—0D diagram of the Gaozhuang Au deposit (basic

map after Rollison, 1993)
1—Samples of the Gaozhuang gold deposit (this study); 2—Samples of

the Gaozhuang gold deposit (after Yang Chonghui et al., 1999);

3—Samples of the Gaozhuang gold deposit (after Xiang Shihong et al.,

2017); 4— Samples of Haoping gold deposit (after Wang Xueming
et al., 1998)

T AR e 2 R 7 ) BB R R 1) B, 46 T
A6 Rb—Sr [F) 3 22 7 4F 5 VA U T bt & e
HRHZENE . Rb—Sr AN 2 AETE p 4 et e
FIIE B IR A oA T N, AR A 42
BERAT Y Rb—Sr 4 I 2 AF #3247 (126+11)Ma (Han et
al., 2007) 3% BE 1L 24 JE 0 i1k ¥ i Rb—Sr S5 4k
AR R 249 138 Ma (U 55, 20165 4 /R 9245, 2016) |
At R B (Y ) 7 INBE T 19 Rb— St 45 B ZR AR 1%
(136.4+0.8)Ma ( B L5, 2016) |5 5 4 07 B 2R A

R3 e ANMEMRER

Table 3 Sulfur isotopic compositions of gold ore from the

Gaozhuang gold deposit
P ORR FER GRS TR 6 Sven/%o Hdf A
1 GZOIPY  BEEH- -1.6
2 GZO04PY  EERH 2.3
3 GZO5PY ¥k 2.4 X
4 GZOTPY Bk 2.2 A
5 EH GZ30PY  HEE 2.8
6 YPIOPY  3EEKH" 2.7
7 8S2-PY/iE BT 2.1
8 3S-PY/E MEREEKET  -1.2 AT T
9 3S-CP/f  HEHIN" -1.3 b5 Y EE A, 1991°
10 H74 8S-Guig i 1.3

FJ57 #5871 Rb— Sr 45 B 26 AF 4% 4 (121.5+1.7)Ma
(Tian et al., 2017) UG EYVEE 2 & TR INEFER 1)
Rb— Sr 5§ i £k 4F % 4 (135.7+3.2)Ma (Yang et al.,
2017) FI FREESH B 1 B EER™ 19 Rb—Sr 45
IFZRAENS F7(118.242.4)Ma (I 244 1 2018)

1o FE A AR A R Y Y Rb/A S-St/ Sr
PSR T RAFIZIESC R, U HIEER GZ05PY |
GZ06QTZ 1 GZO8PY —{FHE 5 Z AN 7 /N FE i 4%
SR T —B0W A EAHOCOCR (Bl 4a.b) , FEIT 44U
A RETE 2 A B B R AL AR HOE i A
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e
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6"*S.crn/ %0
/BRI RN 77 Bk W By
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P 6 =5 FE A T AL Y S T2 2R 714
R EEA AT (3R ) R 1-18) 420 (LR A ) AL ) (o 2% 504
S| TR A T TS — TR A BR L 199195 K b TA 4207 1Y
il 7 ZAHRS | 15 WA, 2019 B HEA 6 1B R 07 B 51
H L4, 1998)
Fig. 6 " S histogram of ore minerals from the Gaozhuang
Au deposit
6% assay results of 3 samples from the Gaozhuang gold deposit
and 1 sample from Meizigou gold deposit (after No. 1 Geological
Survey Party, Bureau of Geology and Mineral Resources of Henan
Province, 1991)®, 5 assay results of Shuidigou gold deposit (after
Ma Yujian et al.,2019), & assay results of Haoping gold deposit
(after Wang Xueming et al., 1998)
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Table 4 Pb—isotopic compositions and characteristic parameters of gold ore from the Gaozhuang gold deposit

F5 FERaS WRE PbAPb *"PbAPb PbPb x4 @ Aa  AB Ay
1 GZOIPY  #¥H™ 18278 15619 38428 9.51 37.38 75.10 19.80 37.99
2 GZO4PY  HEEKHT 18191 15594 38326 9.48 37.22 72.60 18.39 36.69
3 GZOSPY  HEELKHT  18.194 15594 38334 9.48 3723 72.62 18.36 36.83
4 GZO7PY  BEEKET 18221 15599 38358 9.48 37.22 73.10 18.61 36.84
5 GZ30PY BT 18268 15608  38.391 9.50 37.18 74.04 19.09 36.72
6  YPI9PY  EEEHT  17.549 15461  37.593 930 3649 59.52 11.44 30.38
7 GZ05QTZ  fi¥E 17.855 15553  38.081 9.44 37.72 68.40 16.76 38.65

1 - Pb [A7 228008 FH GeoKit 514 (B % , 2004) 118,

Sr Al 22—, IF HA B R B M, Ik
510 45 B 2R AF I8 R (129.8+1.4)Ma (MSWD=1.3) A
REEESH A BT RSB AR
ST S0 AN o B K-Ar dE RS
(90.90+1.54)Ma (5 M55, 1999) , fH K- Ar ¥ 4T
FEAE R 28R F2 2 A5 A0 Akt P Lo e A 25 2 5
W20 E R 2 DR AR IS X B A 8 FE 0 B
BHRANE A S %8 . B4 1 Rb—Sr 5T 2k
A (129.8+1.4)Ma SHISCHARMIA L 5 48
SOUEI VR B R 2 4 TR T ST R Y Rb—Sr 45 4R AT
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Fig.7 Pb isotope diagrams of the Shuidigou Au deposit (basic map after Zartman and Doe, 1981)
1—Samples of pyrite from the Gaozhuang gold deposit, 2— Samples of quartz from the Gaozhuang gold deposit, 3— Samples of pyrite from the
Shuidigou gold deposit (after Ma et al., 2019), 4—Samples of quartz from the Shuidigou gold deposit (after Ma Yujian et al., 2018), 5— Samples from

Meizigou gold deposit (after No. 1 Geological Survey Party, Bureau of Geology and Mineral Resources of Henan Province, 1991®), 6—Samples from
the Haoping gold deposit (after Wang Xueming et al., 1998);UC—Upper crust; OG—Orogenic belt; UM—Upper mantle; LC—Lower crust
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Fig. 8 Pb isotope Af—Ay diagram of the Shuidigou Au deposit

(basic map after Zhu Bingquan, 1998)

D1- Mantle lead; D2— Upper crust lead; D3— Subduction zone lead
mixed with upper crust and mantle (D3a— Magmatism, D3b—
Deposition); D4— Chemical deposition lead; D5— Submarine hot water
lead; D6— Mesometamorphism lead; D7— Katametamorphism lower
crust lead; D8—Orogenic belt lead; D9— Ancient shale upper crust lead;
D10—Retrograde metamorphism lead; legends of samples as for Fig. 7
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PG IE /e i U5 Po . L 5T YR Pb ., I Hb5E 5 s TR
B AR vt I P A LLAE FH Po (81 8) , iX U AT
PR Py ok F R e — e, eSS
AL T Y B, EATRIE S L R 0e L L T L
R UIAH

il 2 — P HAZ RIS A T 3R AR Y
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SCHER K 75 ,2000; F 5 SCFIZE I , 2001 5 88 Mk 4
45,2010; JAER RS, 20115 R 5 AL AF, 2012 i P -F
,2017) mIEET T AT EEZMELY, it
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W4 (B 45,1996, 1999 ; X1 £ Ak, 2002) , FE B H:
BT W) BT AR AERS IR A 53 A, Xt 55 S (Pb [F]{iz
EVINTHIERE o TR

P LA, 8 R4 () [ 2 R AN SR I L Al
YOk IR R Z IR A BVRRIE, [ T HhoE I
FHisEI S SR i B UL SR S8 IR IE
ACZRIAHE LA AR P (Bl P ) 3 1L R OC R 510
6.3 FEPTIERRT BN

R AT I BT P R R T g R b R
ST IR A (RN < e Ho A A TR X
Bl S T AR X R B2 o o 5 b ISR ]
FORERAE R MR E A TR T R I r IR H
Fa 3 32 B M B b s —F Hbot S A b se, B
TRVR AT ) o R T 1) R 45 R ML, &8 Z 08 SR
G ,2010; /5{74,2013a) F/KHLYE 40 (5 E I
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