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Abstract

Single zircon MC-ICP-MS U-Pb dating and lithogeochemical studies of gabbro-diorite intrusives in the Huo-
geqi orefileld were conducted for the purpose of constraining their petrogenesis and their relationship with copper
mineralization. Zircons collected from gabbro-diorite display oscillatory zoning and high Th/U ratios (0.20 ~
0.77), indicating their magmatic origin. A weighted average U-Pb age of (273.9 +1.2) Ma for Huogeqi intru-
sive rocks was obtained, suggesting that the formation of gabbro-diorite should be associated with the collisional
event of the North China Plate and Siberia Plate in late Hercynian period. Their initial Hf isotope ratios and Hf
two-stage depleted mantle model ages range from —4.1 to —10.0 and from 1.56 to 1.92 Ga, respectively.
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Their peak model ages are consistent with the bulk rock Nd two-stage depleted mantle model age of 1.77Ga, im-
plying that the rock-forming materials were mostly derived from the paleo-crust instead of from the depleted
mantle. Geological and geochemical characteristics of the gabbro-diorite intrusives reveal that they were derived
from partial melting of Archacan basement and interacted with mantle-derive magmas by about 17% , as estimat-
ed by simulated calculation. A comparison of geochemical characteristics between gabbro-diorite intrusives and
the copper ore body suggests that Hercynian diorite failed to provide significant metallogenic elements. Further-
more, Hercynian diorite intruded in the compressive orogenic environment 273.9 Ma ago, whereas copper mi-
neralization occurred in Middle-Late Proterozoic, suggesting the absence of direct genetic relationship between
the plutonic intrusion and the formation of the copper ore body. Based on field observation and decrepitation
curves of quartz and chalcopyrite, the authors have reached the conclusion that the Huogeqi copper deposit was re-
formed by magmatic hydrothermal fluid along the contact zone between the gabbro-diorite and the copper ore body.
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Fig. 1 The distribution of sulfide deposits in the Langshan metallogenic belt
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1—Quaternary The second Member of Langshan Group of Middle Proterozoic 2~6
5—Marbleized limestone 6—Hercynian granite 7—late Proterozoic diorite 8—Phyllite 9—Ore body 10—Fault
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Fig. 2 Geological sketch map of the Huogeqi orefield

0.25~0.6 mm

0.25 mm

1 kg

SHRIMP
2002

2—Mica-quartz schist 3—Quartzite 4—Amphibolite
11—Dirill hole HZ822

sampling point

0.05
0.01 ~ CL Cameca
50 kV 15 nA
CL
LA-MC-ICP-MS U-Pb
MC-ICP-MS
Finnigan Neptune
MC-ICP-MS Newwave UP 213
25 pm
10 Hz 2.5] em®  He
207pp, 206p, 204}, 4 204y 202Hg
208p}, 2327, 2387
80~

207p}, 206p}, 206p}, 2387)
2%
1% 26

207Pb 235 U 26
LA-MC-



29 3

441

ICP-MS
GJ-1
U-Pb GJ-1 U Th
MI127 U 923 ug g Th 439 pg g Th U
0.475 Nasdala et al. 2008
5-7 2
GJ1 1 Plesovice
[CPMSDat-
aCal 4.3 Liu et al. 2008
206pp 204pPh > 500
204Pb 204Pb
Pb 204pp
Iso-
plot 3.0
2009 Plesovice
337 Ma n=12 26
337.13£0.37 Ma 26 Slama et al. 2008
1
CL
U-Pb
MC-ICP-MS
Thermo Finnigan Neptune
MC-ICP-MS 213 nm
Newwave UP213 Laser Ablation Sys-
tem 10~150 pm
32 pm
8 Hz
64 pm 6 Hz
27 s 0.131 sx200
GJ1 GEMOC GJ1 53
2
Fe2*
X
4% 3
ICP-MS ELE-
MENT

FINNIGAN MAT
ICP-MS ELEMENT

GSR2 GSR3
RSD<<10%
<4% 3
Sm-Nd
MAT-262
Sm-Nd
0.7219 JMC 3Nd % Nd
0.511 937+10 26 BCR-1

0.512 594£10 4

GSR1

146 N 44 Nd =

143Nd 144Nd

3 U-Pb

3.1 U-Pb

300 pm CL

3 40 U-Pb
w Th 71~958 x10°¢
297~2193 x10°° Th U
0.3~0.7
01 29 U-
Pb 500 Ma
28 1 246
Ma CL
37
265~298 Ma 2Pb 28U
273.9+1.2 Ma 4

3.2 Hf
24 25
2 U-Pb
YT27 U-Pb
eyr 1 246 Ma 8.4
24 76Hf 177Hf 274
Ma 1.56~1.92
Ga 1.72 Ga 5A
-4.1~-10.0 5B

1246 Ma

en ¢

enr ¢ 6 ¢



2010 4

i

H

R

442

% 86 €I'y 699 ST 9LT ¥2'C LT 761 €T T000°0 €€00°0 #000°0 8€¥0'0 6200°0 890€°0 €000°0 80SO°0  +¥C°0 So6s 134! 1°81 SAPS
% 66 Iy T0L S8°C SLT 87T CLe 'Ly ST 200070 SE€00°0 S000°0 SE¥0°0 €000 LLOE 0 €000°0 €I1S0°0 ¥C°0 0€9 PS1 7761 YZLA
%86 ST°S  €¢8  L8'T LT EL°T LLT 6°€l 60€  €000°0 T¥00°0 SO00°0 ¥E¥0O'0 SE00°0 6ETE°0 S000°0 92SO°0  1€°0 LOV LT1 1°¢1 [YADS
% 86 [ B A O SLT 0L'C 0LT 7761 €T €000°0 TPO0°0 SO00°0 SEPO'0 SE00°0 8FOE 0 €000°0 80SO°0  LT°0 oty (i1 LS CULA
% 86 66°¢c  T'IL  69°C 8LT €€°¢ €LT €8 6€C  T000°0 SE00°0 #000°0 O¥¥0'0 0£00°0 880€°0 €000°0 60SO°0  8¥°0 L9 oze 1°6¢ | FADN
% €6 89°¢ 8'CL 88'C SLT 61°¢ £6¢ ¢8I Sey - 20000 9€00°0 SO00°0 LEPO'O TPOO'0 8FEE 0 #000°0 9SSO°0  SS°0 666 87S 8 9% 0CLA
%86 Sy'S  8'L8 TV 06¢ 69°¢ S6c €'1¢ €ve €000°0 #700°0 L0000 09¥0°0 6¥00°0 LLEE O #000°0 €€S0°0 8€°0 LS9 LvC 9°9¢ 61LA
% 86 OL°L 101 SI'¢ VLT 80°¢ 0LT S €T ¥000°0 0S00°0 SO00°0 SE¥O'0 07000 6¥0€ 0 #000°0 80SO°0  ¥E€ 0 LTE 011 ¥ €l SILA
% 66 Is'¢ 1T°0L TL'C 68¢ S 98¢ 871 €9  T000°0 SE00°0 #000°0 8S¥O'0 T€00°0 €SZE'0 €000°0 SISO'0 870 €8L YLE L¢E LTLA
% 8L Sy L98 19T €LT L6°C 8¢¢ L°9T €18 2000°0 £€700°0 #000°0 €£70°0 I¥00°0 9%6E 0 S000°0 T990°0  8€°0 878 9ze €°LE 9LLA
% 66 €9°¢ €8 €S°¢ SLT €1°e LLT 8l S6C  €000°0 000 9000°0 9¢¥0°0 O¥00°0 T¥I€ 0 €000°0 TCSO'0  8CT'0 LS9 81 (e SILA
% L6 9v 06L 99°C €8¢ 0r'¢ LET 8 ¥l €€C 200070 6£00°0 000 0 87¥0°0 1€00°0 OLTE0 €000°0 90SO°0  SS°0 IcL S6¢ 8°¢€ PILA
% 86 LZy 09L 16°C 6LT [SS4 9LT 81 €¥C 200070 8¢00°0 SO00°0 €rr0°0 £€£00°0 8TTE0 €000°0 TISO'0 I¥°0 €0L 162 6°9C [ANPN
% 66 9’8 901 e YL 61°¢ CLe 7761 0SC 00070 €S00°0 #000°0 SEFO°0 1¥00°0 CLOE0O SO00 0 TISO'0  9T°0 8¢ 8 VL LS'6 ITLA
% 86 8y TI6 9¢'¢ 6LC w6'C 8¢ 0°¢T ¢e€E 200070 S¥00°0 S000°0 Trr0 0 8€00°0 €€T€0 €000°0 0€SO°0  ¥¥°0 £€61¢ 856 S6 OLLA
% 66 10°¢  L08 T€T VLT 1) i CLe €Sy ¥SC  2000°0 0¥00°0 #000°0 ¥EFO°0 L2000 CLOE0 €000°0 €1S0°0 TT°0 96 (414 9°LT 60LA
%16 70°L 601 76°C VLT 66°S 86T [ 8Ly ¥000°0 #S00°0 S000°0 SE¥0°0 6L00°0 €I¥E 0 600070 #9S0°0  8E€'0 114 S81 9°0C SO.LA
%86 61°9 L66 0¢°€ 18C £€8°C L8C 01 8¢ €000°0 6¥00°0 SO00°0 9700 L£0O0'0 09ZE 0 €000°0 0£S0°0 1270 Se11 e 8°6¢ LOLA
% S6 €9°¢ v'16 6£°C S9¢ ({14 8LT 'Ly L8€  €000°0 S¥00°0 ¥000°0 0ZrO 0 9200°0 S¥ic 0 ¥000°0 #¥SO'0  S9°0 106 S8¢S 6 v 90.LA
% 66 SP'S 676 £V'C 69¢ 81°C 1L 0°€T L8C €000°0 L¥00"0 #000°0 92¥0'0 82000 6S0€°0 €000°0 02SO'0  +€°0 01 ove 6°S¢ SOLA
%66 [SSY) 901 0€°C VLT €1°'¢ CLT 'Ly PST  €000°0 €500°0 ¥000°0 SE¥0'0 LZO00 LLOE O €000°0 €100  6C°0 ws 8S1 878l POLA
% 86 669 611 18°¢C LLT 98'C [4:14 761 0Z¢  €000°0 6S00°0 SO00°0 O¥r0°0 LEOO 0 SOZEO +¥000°0 8CSO0 1270 €EL €S1 (S €0LA
%86 09 99 1S°C VLT w'e 1LT vl €vc  €000°0 8700°0 #000°0 SE¥O'0 T1€00°0 €90€°0 €000°0 TISO°0 2E0 €08 €91 L] Z0LA
% 6L 8¢l LYC 18°¢S 908 19°9 €29 8%l €EIT 0S8¢'C L0000 €ZT10°0 010070 918070 0OCTO'0 S000°0 0SLO'0  0€°0 ooy 611 0°ce T10LA
L AL S L S L A LS - 2 R - 2. RS - .- R - L
gt e Adse Ngeg Ad 0 Neeg Adgie Adgge Ad 0z YULegg Adge Nger Ad 0z Nz Adgge qd gz Ad 0z OML 5 00N o OLHML o 0LAd 24y
Yy Ty ) A B N

3}00a dAIsn.jul 1bagony] 3y} WO) WI0dNZ UreI3-d[3uls 3y} 103 3unep d1dojost qJ-() JO S)NSaI Y, [ d[qe],

W ED R W0 DR E YV E Az T ¥



443

A HESCEBEHR NSRRI BB RS R

B ESS

38

29 %

U TLLH By A Ay By O

%96 19y €¢9 69°C 89¢ 8V °C 6LT 01 ZLE  LO6STT T000°0 TO00'0 T€00°0 #000°0 STrO'0 2€00°0 191€°0  9C°0 9¢9 VLT C'Ie LA
% 66 20 €¢9 €9°C 89¢ LT 89¢ 81 €9C  LT06°0 TOO0°0 TOOO0 TE€00°0 #000°0 ¥ZHO'0 9€00°0 610E°0 LL°O 9¢6 12L 6°1¢ Tv1LA
% L6 88y 8VL 0O¥'¢ LT 8v'¢ 18¢C S8l SPe  T8CS'T Z000°0 2TO00'0 LELOO0 S000°0 ¥EPO'O0 SPOO 0 TIIE'0 Sv'0 90¢ 8¢l 9°¢l 6€1LA
%ES 9%°'9 98 68°C 69¢ 8¢ 61¢ ¥°0C 00L  €STP"C €000°0 €000°0 6¥00°0 S000°0 9Z¥0 0 CSOO'0 069€°0  0€°0 909 81 Y4 8CLA
% 6L <L 00T 0L 86¢C LVl L9€ LS LIL  €0€9°T #000°0 #000°0 0SO0°0 TTI00'0 ZTL¥YO O LOTO'O LSEY'0  €¥°0 L6T LTI [ay! LELA
%96 v9°¢ 86L LTT 0LC YL'T 08¢ L91 L9€  8099°C €£€000°0 €000°0 0¥00°0 #000°0 LZ¥0'0 9€00°0 TLIE0 9C°0 8S9 TLT (A4 9¢LA
% 66 £€8°6 | A 08°C 1LT 9°C 0LT L91 LST  TISE"T S000°0 SO00°0 0900°0 S000°0 0£¥0°0 #€00°0 OFOE0 670 €ve 1766 Sl SELA
% 66 vy v'8 06T 69T 14T L9C 81 0SZ  €¥S9°T TO00 0 ZO00°0 €000 SO00°0 STHYO'0 SE00°0 €00€°0  1¥°0 LE9 €9¢ 9°¢C YELA
% 66 I’y 6°L9 0S°C €LT €v'C 1LC T Ly vSC  ¥808°T 20000 T000 0 +¥€00°0 ¥000°0 TEXO 0 T€00°0 9S00  8€°0 LvL S8¢ CLE €ELA
% 66 I2°¢ LS9 +vI'C 0LT 66°1 0LT 8vl €9C  SLEO'T TO00 0 ZOOO 0 €£00°0 €000°0 6200 9200°0 8POE 0 9970 6971 €96 C'IL CeLA
% 66 08y T9L 69°C 1LT SO'v LT 8°LT €6¢ 0819°T T000 0 20000 8€00 0 #000°0 0£¥0°0 TSO0O'0 890€°0 I¥°0 11¢ LI¢ 1°1C T€LA
%96 L8°¢ T1T'72L 0Tt SLT €v'e 8¢ ¢8I L9€  66S6°T 20000 200070 9€00°0 €000°0 9¢¥0°0 SPO0'0 TECE'O  +E€°0 8¢L 0S¢ LT 0€LA
%SL 78°8 vl LT 43 ¢°S¢E 089 VLY ¥S6  €LOL°T #000°0 #000°0 29000 97000 0980°0 8L90°0 9¥S6°0 0¥ 0 199 9¢ 1°9% 6C1LA
% 66 699 ¢S¢6 90°¢ 8LT v1°¢ 6LT 9°L1 €8¢  S0g€E € €000°0 €000°0 970070 SO00°0 T¥¥0°0 I¥00°0 L9TIE'0  0T°0 681 9796 Gl (9)8TLA
% 86 4! 16C i A4 Piya! LS"L 854! 111 90CT  S6ST°C LOOOO LOOO0O SPIO'0 €200°0 CTEIT0 0STO'0 TT9cC 00 0vc LTk (S (RDHLILA
% 86 LTy ¥'8  LOE e 18°¢C LT 81 9¢Z  ¥19€°C 2T000°0 TO00 0 +¥€00°0 S000°0 6£70°0 9€00°0 L60E0  8T°0 8LS 091 81 TAPS
o g oL N o N T BN o gy T w1 gy 1 E
FryEL Lzeg Adgoe Nger Ad 10z Negg Adgge Adgge, Ad 10z YLegg Adge Nger Ad 10z Neeg Adoge Adggg Ad 0z ML 9-0L N ¢ 0LHML o 0L Ad L
e ES SO T RCRE B3 7 [ 9N

I 3qe]. “yuo)
Pag



444 2010
2 Hf
Table 2 Zircon Hf isotopic data for Huogeqi intrusive rock
t Ma Toyp THE 7Ly HE 7°HT '77HE 2 e 0 epyr t 26 tom Ma  thy Ma
YTO1 274 0.035919 0.001006 0.282338 0.000045 —15.4 -9.5 1.6 1293 1897
YT02 274 0.033504 0.000894 0.282428 0.000013 —12.2 -6.3 0.4 1162 1694
YTO03 277 0.029141 0.000839 0.282431 0.000011 —12.1 -6.1 0.4 1157 1686
YT04 274 0.033503 0.000926 0.282474 0.000096 —10.5 —-4.7 3.4 1099 1592
YT06 265 0.033580 0.000887 0.282429 0.000035 —12.1 -6.5 1.2 1161 1697
YT07 281 0.034353 0.000916 0.282434 0.000034 —11.9 -5.9 1.2 1154 1676
YTI11 274 0.021884 0. 000600 0.282456 0.000030 —11.2 -5.3 1.1 1115 1629
YTI13 279 0.032736 0.000966 0.282458 0.000041 —11.1 =5.1 1.5 1122 1624
YT14 283 0.048131 0.001474 0.282489 0.000110 —10.0 -4.1 3.9 1094 1559
YT18 274 0.040384 0.001155 0.282380 0.000054 —13.8 -8.0 1.9 1237 1803
YT19 290 0.047264 0.001283 0.282406 0.000070 -12.9 -6.8 2.5 1205 1738
YT20 275 0.028456 0.000838 0.282464 0.000043 —10.9 -5.0 1.5 1111 1612
YT21 278 0.030956 0.000865 0.282480 0.000050 —10.3 —4.4 1.8 1089 1575
YT22 275 0.041497 0.001077 0.282412 0.000114 -12.7 -60.9 4.0 1190 1731
Y123 274 0.027802 0.000802 0.282411 0.000058 —12.8 -6.9 2.1 1183 1731
YT24 275 0.037558 0.001086 0.282444 0.000046 —11.6 -5.8 1.6 1146 1661
YT25 276 0.037674 0.001070 0.282420 0.000121 —12.5 -0.6 4.3 1179 1713
YT26 277 0.030000 0.000874 0.282440 0.000066 —11.7 -5.8 2.4 1145 1665
Y127 1246 0.023701 0.000772 0.282247 0.000014 -18.6 8.4 0.5 1411 1510
YT28 278 0.031764 0.001126 0.282364 0.000018 —14.4 -8.5 0.6 1260 1838
YT29 274 0.030176 0.000865 0.282324 0.000015 —-15.8 —10.0 0.5 1307 1926
YT30 275 0.028153 0.000852 0.282446 0.000022 —11.5 =5.6 0.8 1136 1652
YT33 273 0.044689 0.001316 0.282478 0.000130 —10.4 —-4.6 4.6 1105 1588
YT38 269 0.028865 0.000898 0.282444 0.000015  —11.6 -5.9 0.5 1140 1661
YT41 268 0.026710 0.000858 0.282433 0.000087 —12.0 -6.3 3.1 1155 1687
t U-Pb tpm tu
Loyt =104x  Hf THf g— 7°Lu THE gX @M1 TOHE THE qor o~ Lu THE g -1 — 1
2. tpu=1 AXIn 1+ OH[ TTHE g— PHETTHE py °La YTHE g- TLa TTHI py
3. tSu=1 AxIn 1+ Y°Hf Y7Hf ¢, — YHf "Hf pu . 6Ly "7Hf «— Y°Lu Y"Hf py  +¢
DM CHUR oHf YTHf ¢ YLu YHf ¢
TSHE YTHE 1y 7°Lu 77HE pu 0.28325 0.0384 2007 A °Lu =1.867x10 "a ! ey ¢
SHE YTHE g 0=0.282772 *Lu ""Hf g =0.0332 Harrison et al. 2005
3
Table 3 Major element and REE compositions of Huogeqi intrusive rock and copper ore samples
w B %
SO,  TiO, ALO; Fe,O; MnO MgO CaO NaO  K,O  P,Os
HZ822-13 - 49.06 1.27 20.23 10.26 0.16 4.31 5.86 1.96 2.96 0.25 3.49 99.81
HZ817-10 51.46 0.13 4.61 15.46 0.27 2.78 5.42 0.22 0.36 0.13 1.78 82.62
HZ702-10 76.46 0.18 3.99 5.36 0.39 2.79 4.65 0.24 1.08 0.13 1.34 96.61
HZ718-9 37.88 0.13 3.50 21.76 0.98 7.31 15.00 0.21 0.12 0.29 4.14 91.32
wp 1070
La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu
HZ822-13 - 25.2 44.13 5.23 19.73 3.37 1.71 3.18 0.43 2.42 0.46 1.3 0.20 1.31 0.2
HZ817-10 7.81 15.77 1.91 8.631 2.71 1.70 2.35 0.28 1.28 0.22 0.598 0.09 0.61 0.09
HZ702-10 16.92 36.05 4.73 22.50 7.38 5.03 5.40 0.53 2.16 0.33 0.8 0.12 0.78 0.12
HZ718-9 30.75 28.82 7.06 30.30 8.80 7.61 8.00 0.85 4.02 0.68 1.80 0.26 1.65 0.24
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206Pb/238U

4 Sm Nd
Table 4 Sm Nd isotope compositions of Huogeqi intrusive rock and copper ore samples

t Ma wen 107wy 107° 47Sm 4Nd Nd "Nd tpm topm Ga end ¢
HZ822-13 - 274 2.230 16.000 0.0845 0.511991 1.78 -8.7
HZ817-10 1198 1.91 7.54 0.1530 0.512319 2.08 0.5
HZ702-10 1198 6.23 22.5 0.1673 0.512423 2.37 0.3
HZ718-9 1198 5.72 24.2 0.1430 0.512307 1.81 1.8
t tpm Lopm ENd 1 2008

3 HZ822
U-Pb Ma Eyr t
Fig. 3 Representative cathodoluminescence images of zircons from diorite in drill hole HZ822
Small circle represents U-Pb dating location with the corresponding numeral being age data Ma large circle represents Hf
isotopic dating position with the corresponding numeral being eyy; ¢ value
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Fig. 4 MC-ICP-MS U-Pb concordia diagram of zircon from diorite in drill hole HZ822
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Fig. 5 Relative probability density diagrams for t5y A and ey ¢
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Fig. 6 Classification of intrusive rocks in the Huogeqi orefield
A. Classification of Si0,-K,O subalkaline rocks base diagram after Rickwood 1989 and LeMaitre et al.
B. TAS diagram base diagram after Wilson 1989
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