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Enrichment mechanism of iron in Dazhang skarn iron deposit, Shandong
Province: Evidence from fluid inclusions and hydrogen-oxygen isotopes

ZHANG ZhaoNian', CAO Yi', ZHU YuZhen’, PANG ZhenShan’, SHEN LiJun"?,
GUAN JiYun* and GUO ChenFang'

(1 School of Earth Sciences and Resources, China University of Geosciences(Beijing), Beijing 100083, China; 2 Shandong Provincial
Research Institute of Coal Geology Planning and Exploration, Jinan 250104, Shandong, China; 3 Development and Research
Center of China Geological Survey, Beijing 100037, China; 4 Geophysical Survey Center of China Geological Survey,
Kunming 650111, Yunnan, China)

Abstract

The Dazhang iron deposit is an important skarn deposit newly discovered in the Luxi district in recent years.
Orebodies mainly occur in the contact zone between quartz monzodiorite and Ordovician Majiagou Formation
limestone and its vicinity. Based on the crosscutting relationship of veins and metasomatic alteration characteris-
tics, the mineralization process of the Dazhang skarn iron deposit can be divided into skarn, oxide, sulfide and
carbonate stages. Microscopic observation of transparent minerals such as diopside, epidote, quartz and calcite in-

dicates that the fluid inclusions in the Dazhang deposit are mainly three-phase inclusions containing daughter

* RSN AR A ARREIE ST H (405 : ZR2020QDO32) L ZR K FH 3 5 Jay & T 95 4700 H (4 5 : 2019-3) K45 W5 By
BEERN IR, B, 1996 4EA LA ST A BESE 5 10 T R4 K R HLBR{E %% . Email : zhangzhaonian1996@163.com
ok GEIAEE B B, 1982 Ak HBE AR R, BN IR EHCF AR T4, Email : caoyi@cugb.edu.cn

ek HH o 2021-06-28; 2 ml H - 2021-12-13, 5REFH 4R .



92 N |7 . ) Jt 2022 4F

minerals, gas-rich two-phase inclusions and liquid-rich two-phase inclusions. The microthermal measurement re-
sults show that the ore-forming fluid has undergone a continuous evolution process from high temperature
(494.1°C to 550°C) and high salinity (w(NaCl,,)=18.07%~56.42%) to low temperature (156.4°C to 225.1°C) and
low salinity (w(NaCl,,)=1.23%~6.16%) from skarn stage to carbonate stage. Fluid inclusions and hydrogen and
oxygen isotopes (80, =—1.8%0~11.4%o, dDj,.;=—101.1%0~—93.40%0) show that the fluids were mainly magmatic
water in the early ore-forming stage and mixed with meteoric water in the late ore-forming stage. Fluid boiling,
fluid-carbonate interaction and fluid mixing occurred during fluid evolution. Comprehensive analysis shows that

the decrease in temperature and the mixing of meteoric water and magmatic fluid are the main mechanism lead-

ing to the iron precipitation and formation of high grade ores in the Dazhang deposit.

Key words: geochemistry, skarn iron deposit, fluid inclusions, hydrogen and oxygen isotope, metallogenic

mechanism, Dazhang iron deposit in Shandong Province
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Fig. 1 Tectonic setting (a, after Duan, 2019) and sketch geological map (b, modified after Zhu et al., 2018) of the Luxi district

I—Quaternary sediments; 2—Ordovician; 3—Cambrian; 4—Neoarchean Taishan Group; 5—Gabbro; 6—Diorite; 7—Granite;

8—Iron ore deposit; 9—Fault



94 N

g

Hh 5 2022 4F

2 WPRHLJE

KRR 7 T 55 - B Ik 4R IX R &8 . 67 X b
YRRV A &5 BifLIE IR A B
RIKEMAKF— &R G B s IS (Kl
2). WRAERENKKAREZRKNKSE, FARK
e, BRI 454, B 5 R Z R AR A A N A4
B O T A ROROIRZE A, EE R AING R
B M A KA R A, B A
WA HE ARG 45 o AN B X AR -
WELR A K o

W R AT TRk Ao R IV AR S BB
TR oty S LR 3, T 28 k33 IR MR R UR B
TE-748~-854 m, 3E [7) NE35°, {ii [i] SE, i f 6°, "
A1 TFe f 125 i 67 7] 3K 64.44% , -2 5 437N 56.52%
W AT L5 48 = B RDIR 54 S ARG 1 AR 45 A
FUIEZEHE . A A 1 B PR L CIR A 1
RYREE M ARRIREE . 0 AT EET Y FEE
RGBT R AR R, R O R A N
B Eu (K3 ESmy Y EEA AR 4.
BEREA GBINA WA BT R AT AR

320°

fife A1 55 (K] 3a~i) o

WX A A E AL, E B EFMEK AL
KA g Atk BINAIE B E. KA
T B R F AT ZRKINK AR TG, 10 RAL 2
W o B R A A TR ACE SR IR ER i 4 ik
i b BINAA LR A AR 48 = B A Dl AR S i
T KA Ra ey z b g N A1k
MEkAs A S T LB UM OC , 4 = Bk 5 ik
W AR SR B U AR

T KA T (9 284 6 R 0 A A K FEL
TAR SERRAE K R Bk 1 B i R R o iy R
WrBt A ALY B A B B R PR ER I BE (£ 1) 6
Horp W RE B B UAR B AT A FLE A S TG K
W RET Y RFE . KRB IR B A R A
JRE (B 3a) AR AR AR (B 3b) .
A AL B B BB B B B A 2 R B
otk (B 3¢) s bkR , 3222 f Gk G TN A Rk A1
LT AR (F3d) . BFL P a] IR B B A 5
T FINSE AW R A BT A R 2
¥ FEIE T AR RLAR (14375 #E A [RI B P (1] 3e) 334K
AR A REE AT Y. S BB 28 B
BROT R RGBT A A (8 36~h) | B

=t DZK1 ZK2 ZK1 ZK3
Fr i/m A A
-400
0  100m R
—
-500 2
L3
-600
7 J 4
-700
I s
L
-800 ZI*(I 6
1
-900 7
L | @8
~1000

K2 kA A BT RIR b o) P& (8 R AR R 45, 2016 12150
I—5B U RV 2— AR R — & RV 3— B R W s 4— A 08 RN 5— 81 s 6— 5L X i 5 s T—HE DU BT 2 5 8 — R AL
Fig. 2 Geological section along exploration line through the Dazhang skarn iron deposit (modified after Zhu et al., 2016)

I—Quaternary sediments; 2—Carboniferous-Permian sandstone; 3—Ordovician limestone; 4—Quartz monzodiorite; 5—Iron ore body;

6—Drill holes and its number; 7—Inferred faults; 8—Sampling position
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Table 1 Paragenetic mineral table for the Dazhang skarn iron deposit
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Fig. 3 Photographs of representative rock & ore samples of different stages from the Dazhang skarn iron deposit

a. Euhedral granular diopside in skarn stage; b. Euhedral granular garnet in skarn stage; c. Massive magnetite ore; d. Magnetite are intergrown with

tremolite; e. Anhedral magnetite filled in pores among euhedral granular diopside grains; f. Quartz sulfide veins cut across magnetite ore; g. Pyrite

veins cut across magnetite ore; h. Calcite veins cut across quartz sulfide masses and magnetite ore; i. Calcite veins cut across magnetite ore

Di—Diopside; Grt—Garnet; Mt—Magnetite; Tr—Tremolite; Q—Quartz; Py—Pyrite; Cal—Calcite
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Fig. 4 Micrographs of fluid inclusions in different mineralization stages of the Dazhang skarn iron deposit

a, b. Three-phase inclusion in diopside; c. Gas rich inclusion in diopside; d. Liquid rich inclusion in diopside; e, f. Liquid rich inclusion in epidote;

g, h. Liquid rich inclusion in quartz; i. Liquid rich inclusion in calcite

L—Liquid phase; S—Solid phase; V—Gas phase; Di—Diopside; Grt—Garnet; Ep—Epidote; Q—Quartz; Cal—Calcite
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Table 2 Microthermometric results of fluid inclusions in the Dazhang skarn iron deposit
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Fig. 5 Frequency histogram of homogenization temperatures and salinities of fluid inclusions in the Dazhang skarn iron deposit
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Table 3 Hydrogen and oxygen isotopic composition of ore-forming fluid in the Dazhang skarn iron deposit
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Fig. 6 8"0 versus 8D plots of the isotopic compositions of
fluid inclusions in the Dazhang skarn iron deposit
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Fig. 7 Diagram of homogenization temperatures vs salinity of fluids inclusions in the Dazhang skarn iron deposit
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