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Characteristics of chlorites from the Haopinggou Ag—Au polymetallic deposit in the Xiong’ershan

ore concentration area and its exploration implications

Abstract: [Objective] The Haopinggou Ag-Au polymetallic deposit is a typical intermediate-sulfidation epithermal
deposit in the Xiong'ershan ore concentration area. Ag-Pb-Zn mineralization mainly occurs in steeply dipping veins and
breccia matrix. The relationship between large-scale Pb-Zn mineralization and widely developed alteration minerals
remains unclear. [Methods] In order to discuss chlorite's significance related to Pb-Zn mineralization, chlorite composition
in the Haopinggou Ag-Au polymetallic deposit has been analyzed by field geological observation and electron microprobe
analysis (EMPA) in this paper. [Results] Three types of chlorite were observed in the deposit, occurring in altered wall
rocks (Type I), in(with) Pb-Zn sulfides (Type II), and in(with) the breccia matrix (Type III). All three types of chlorite are
prochlorites and fall within the compositional range of Fe-rich chlorite, indicating that they could be formed in a partially
reducing acidic environment. Fe*" for Mg®" is the primary substitution in chlorite lattice, suggesting a close association
between chlorite formation and mafic wall rocks. Based on the corrected chlorite geothermometer, these chlorites formed
under aluminum-saturated conditions in the medium to low-temperature range of 196-239°C. The temperatures of chlorites
associated with mineralization (Types II and III) are higher than those in chlorites around quartz veins (Type I). It is
believed that during the mineralization process, the hydrothermal fluids evolved from acidic to nearly neutral conditions as

the temperature gradually decreased. The initial acidic environment facilitated interaction between water and rocks,
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promoting the dissolution of surrounding rocks and providing space for the further precipitation of metal sulfides. The
evolution of ore fluid properties also corresponds to the deposition process of Ag-Pb-Zn. The genesis of chlorite in the
deposit is well-correlated with the ore-forming and holds significant prospecting value. (1) Type I chlorites mainly develop
on both sides of quartz veins, formed by the dissolution and metasomatism of basic wall rocks by ore-bearing hydrothermal
fluids. Type I chlorite's Fe and Mg components are mostly derived from the wall rocks. Although this type does not contain
mineralization, it can be used to trace veins. (2) Type III chlorites reflect the migration process of ore-bearing hydrothermal
fluids carrying dissolved minerals (biotite/clinopyroxene), which precipitate with changes in the physicochemical
environment. Type III chlorite's Fe and Mg components are mainly introduced by ore-bearing hydrothermal fluids. This
type of chlorite fills the intergranular pore spaces between minerals and easily replaces minerals such as biotite and
hornblende, exhibiting apparent mineral alteration features in hand specimens, which is beneficial for prospecting.(3) The
formation mechanism of Type II chlorites includes the possibilities mentioned above. This type of chlorite is formed by
complete dissolution and metasomatism of cement in ore-bearing hydrothermal fluids, forming fine-grained
cryptocrystalline chlorite fillings in breccia rocks. Ore-bearing hydrothermal fluids and wall rocks both contribute Fe and
Mg in the chlorites. Hand specimens of Type II chlorite are dark green, disseminated and filled in the matrix, making it
easy to distinguish. The chemical characteristics of Type II chlorites are similar to those of chemical characteristics of
granite-related deposits, implying the contribution of magmatic fluids to ore-forming fluids. [Conclusion] The Haopinggou
Ag-Au polymetallic deposit contains three types of chlorites. Their chemical characteristics all reflect an acidic and
reducing metallogenic environment. In cation exchange, the primary substitution is Fe for Mg, and other substitutions are
insignificant. The effect of Fe/(Fe+Mg) must be eliminated in order to calculate the temperature of such deposits using
chlorite geothermometers. The formation mechanism of the three chlorites is closely related to mafic wall rock, and their
chemical properties suggest the involvement of magmatic fluids in ore-forming fluids. [Significance] These three types of
chlorite are well-matched with intense Ag-Pb-Zn mineralization and can serve as key indicators for locating Pb-Zn veins.
Keywords: Polymetallic deposit; prospecting significance; Chlorite; EMPA; mineralization; Geochemistry; Xiong’ershan.
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Fig. 1 Simplified geological map of the Xiong’ershan ore concentration area along the southern margin of the North China Craton(Base map

modified after Tian et al., 2023)

(a) The inset showing the tectonic location of the southern margin of the North China Craton in eastern China; (b) Geological map of the Xiong’

ershan ore concentration area, showing the distribution of the major deposits
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Fig. 2 Geological map of the Haopinggou Ag-Au polymetallic deposit(Base map modified after Liang et al., 2015)
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Fig. 6 Representative photomicrographs of chlorite characteristics of the Haopinggou Ag-Au polymetallic deposit
(a) Chlorite developed on both sides of quartz veins (cross-polarized light); (b) Chlorite filled in breccia matrix (cross-polarized light);
(c) Chlorite coexisting with pyrite and sphalerite (cross-polarized light+ reflected light) ; (d) Worm-like chlorite filling the interstices of quartz
grains (cross-polarized light); (e) Backscattered electron images of the distribution of chlorite EMPA dots, showing coexistence with sericite; (f)
Backscattered electron images of the distribution of chlorite EMPA dots
Chl—chlorite; Ser—sericite; Gn—galena; Qz—quartz; Sp—sphalerite; Py—pyrite; Cal—calcite
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Fig. 7 Chemical diagram of chlorite from the Haopinggou Ag-Au polymetallic deposit

(a) Fe vs. Si diagram of chlorite (Deer et al., 1962); (b) Al+[1-Mg—Fe plot (Zane and Weiss, 1998); (c) Si vs. R*" diagram (modified after Liu et

al., 2016)
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Fe=—0.928Mg + 0.95 (& & R % R=0.764), & Wi
Fe? Fll Mg i B 4 2 4 e A /N T AR o7 B 1 e A B2 1Y)
R, Mg -AIVAH G M 48 22, 24 07 # oh Mg?'=0.369
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Fig. 8 Correlation of cations in chlorites from the Haopinggou Ag-Au polymetallic deposit(unit a.p.fu)

(a) Al vs. AV diagram of chlorite; (b) Fe*'vs. Mg®* diagram of chlorite; (c) Fe?'/(Fe*+Mg?") vs. A1V diagram of chlorite; (d) (Fe**+ AIM) vs. Mg

diagram of chlorite; (¢) Mg®* vs. A" diagram of chlorite; (f) Si** vs.Mg** diagram of chlorite
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Fig. 9 Hsitogram of formation temperatures of chlorites from the Haopinggou Ag-Au polymetallic deposit
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IO T B H % . Tian et al.(2023) 42
PP Ag-Au £ 4 @ B R TR Y BE LT 5 ~ 125
Ma 12 1€ i Bt 2 B B VI s B R, R T w™
TR B IR . B X P SRR A S Rk
KEFY, 50 IFLEE LR, 4545 Lietal.
(2016) #& 1 # £E 1 Ag-Au £ 4 JB 5 JK Au Fl Ag-Pb-
Zn Ok A AR W AR R G8, T8 BT W 8k 57 i o
P, BRI 4 00T 5 B 3 Ag-Au £ 42 8 B IR Au T] RE B
T SR — R

*1 BRELYVEXSITFEHAcAZERT ASRLUEZERBY Rt REHE

Table 1

shan ore concentration area

Geological characteristics of the Haopinggou Ag-Au polymetallic deposit and the Kangshan Au polymetallic deposit in the Xionger’

W RATR HFHAg-AuZ BB IR IR
WRAER Eep St PR
KHH I fedbtrafimmg s . REE AR X PYIL R Aedbyehnm 2k AEH LT A X PG R A
Pt i JUAR 1 AT R = T R A JeAR m R

55— Bt Qz-Sd-Mag-Elc

W BB AL (Lt PTBE: G-Sp-Qz-Ank

FE—HrBt: Qz-Py
% B BL: Qz-Py-Cep-Au

al.,2013) 4 = BB Qz-Cal-FI 45 =W Ef: Gn-Sp-gold-Qz-Ank-
- 25 UK BE: Qz-Cal-Fl
AR ABMEA125~123 Ma(Tian et al., 2023)  #WEMUE A F#E K131 Ma(TRITE45E, 2023)
A E B TARGULYIR S PRAE R AR, REINIE  SE TR [ RRAE R AR, F X SRR A I JFEREE; Hosw Ly
{J] N N

JRPERERPERAR (Li et al., 2016)
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(Kranidiotis and Maclean, 1987) ; 3— #\ ik i (4 ) # 1L 47 ( Zane and

Fyfe, 1995); 4— 55 4 4 " fk A ¢ A9 4% J8 77 ( Dora and Randive, 2015) ; 5— 2= £ 77 3& & 1 (19 4 Jé 47 (Randive et al., 2015) ; 6— 5 18 i & A1 & A7 IR

(Trumbull et al., 1996) ; 7— A Ik 8§ K ( Walshe, 1986)
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Chlorite characteristics in different genic types of deposits

" 11
Fig. 11

(a) Fe/(Fe+Mg) vs. (Si/Al) diagram of chlorite; (b) Fe/(Fe+Mg) vs. Al" diagram of chlorite (modified after Zhou et al., 2018)

Data source: l—active geothermal system; 2—massive sulfide deposit (Kranidiotis and Maclean, 1987); 3—hydrothermal mineralization zone

(Zane and Fyfe, 1995); 4—Chlorites related to Cu-Au mineralization (Dora and Randive, 2015); S5—green-mica quartzites (Randive et al., 2015);

6—deposits associated with granite (Trumbull et al., 1996); 7-hydrothermal vein-type deposit (Walshe, 1986)
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