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Abstract: Porphyry-hosted Ag-Pb-Zn deposits, as a type of Ag-Pb-Zn deposits with the distinctive
occurrence, are commonly controversial regarding their deposit types. Such deposits are generally classified
as porphyry deposits or epithermal deposits. However, these two deposit types are largely different in their
metallogenic models. To improve the insight into the genesis of porphyry-hosted deposits and provide
guidance for the deposit exploration, the Laoliwan deposit in the Xiaoshan district of the southern margin of
the North China Craton is chosen as a case study. This paper aims to determine the deposit type, based on the
systematic geological investigation of the mineralized alteration at the contact zone between the granite
porphyry and the strata of the Xiong’er group, as well as the Ag-Pb-Zn mineralization within the granite
porphyry and the breccia bodies. These observations are integrated with fluid inclusion microthermometry,
sulfur and lead isotope analyses, and isotopic geochronology to constrain the genetic type of the deposit. The
orebodies at Laoliwan are mainly hosted in the granite porphyry and controlled by the regional faults. Field
work show that the mineralization in the contact zone is limited to sparse quartz-pyrite and calcite-pyrite
veinlets, without Ag-Pb-Zn mineralization observed. In contrast, Ag-Pb-Zn mineralization in the Laoliwan
deposit mainly is developed in the faults that cut through the granite porphyry, referred to as fracture-zone-
type mineralization in this paper, and a small amount of breccia-type mineralization is locally occurred in the
blasted breccias surrounding the granite porphyry. Fluid inclusion studies indicate that the ore-forming fluid
of the two types of the Ag-Pb-Zn mineralization are NaCl-H,O system. The results of microthermometry
show that the average homogenization temperatures and the salinities of the fracture-zone-type and breccia-
type mineralization are 240°C, 6.8 wt.% NaCl eqv. and 279°C, 9.0 wt.% NaCl eqv., respectively, indicating
the ore-forming fluids are of medium- to low-temperature and medium- to low-salinity. S isotopic

compositions of different stages within the fracture-zone-type mineralization show limited variation, with



83S values clustering between 0 and 5%o, whereas those of breccia-type mineralization range from 0.4%o to
2.7%o. These sulfur isotope data suggest that the ore-forming materials of both mineralization types were
derived from magmatic—hydrothermal fluids. Pb isotopic compositions of the fracture-zone-type and breccia-
type mineralization display narrow ranges and relatively concentrated distributions, implying similar sources
of ore-forming materials which are derived from the deep mantle. The in-situ sericite Rb-Sr isotopic isochron
age and whole-rock molybdenite Re-Os isotopic isochron age from the fracture-zone-type mineralization are
127.1 £ 2.5 Ma and 129.5 + 2.8 Ma, respectively, which are approximately consistent with the emplacement
age of the granite porphyry. Although the Ag-Pb-Zn mineralization in the Laoliwan deposit is closely related
to Early Cretaceous magmatic activities in the region, its geological characteristics suggest that the Ag-Pb-
Zn mineralization postdates the emplacement of the granite porphyry. The analysis results above show that
the deposit should be classified as an intermediate-sulfidation epithermal deposit rather than a porphyry
deposit. Therefore, this study proposes that the Laoliwan granite porphyry is not the metallogenic rock. The
intrusion responsible for the Ag-Pb-Zn mineralization is likely located at depth, implying the potential to find
porphyry Mo deposit in the deeper area. The genetic study of the Laoliwan deposit further demonstrates that
a Ag-Pb-Zn deposit hosted within a porphyry alone is not a key factor for classifying the Ag-Pb-Zn deposit.
The deposit type should be determined by a comprehensive assessment of geological characteristics and

relevant geochemical evidence.

Key words: Porphyry; Intermediate-sulfidation epithermal deposit; Ag-Pb-Zn deposit; Southern margin of
the North China Craton; The Laoliwan deposit
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Fig.1 A. The simplified geological map of the southern margin of North China Craton (modified from Li et al., 2013); B. The
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Fig.4 Paragenetic sequence from different mineralization types of the Laoliwan deposit
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Fig.6 Photomicrographs of fracture-zone-type mineralization in the Laoliwan deposit
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Fig.7 Photographs of typical specimens and minerals and reflected-light photomicrographs from breccia-type mineralization

in the Laoliwan deposit
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Fig.8 Photomicrographs of fluid inclusions in different minerals from fracture-zone type mineralization and breccia-type




mineralization
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Fig.9 Histogram of microthermometric results of fluid inclusions
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Fig.10 Sulfur (A) and lead (B) isotope compositions of different mineralization types at the Laoliwan deposit
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BIRZI B 8%*Sys RiBE KT 8*Suis, 1H 8%*S,s P BMRERIZI B S BR RO AR, RINZI B 1
B[N R AR T 1.6 ~ 5.3%0, “FEIMEA 3.1%o0-

FRRRI L G R INA TR IR S ) S AR ISR, TR A BRRT LR AP (1 8%4S fE 7T
AR AT AR P B R 7 2R AL o T 45 T s FBRIRAT K 8%4S (AT 0.4 ~2.7%o, “FH5ME A 1.7%0+
NSS TE T E R T N A A E R VA i N RSB = & B WL AR VA 2 St
(0+£5%o0, Ohmoto and Goldhaber, 1997 . [RII, 5™ PR BSGAT T B S v - 40 1 R A SR B2 (<110°C
Jorgensenetal., 1992) , HA XN LE SHMRRITIRMZERE, FEBR 150 RIE T 40 0 i B2 218 SR A
5 # A0 22 BR R £6 18 J5AFE FH AT B8 (Ohmoto and Goldhaber, 1997) , R ffi R & 45 B F8 7~ [k



V8 T FRE R

Y R 2R R R B A 0 3R SR 1) B B B AR SR R, LR Ak T B TIT B BE LA
e FBRARA A PR 4% R 67 22 AL AT AR G B e, SR T R4 A PR AR T £ ™ B BB B A BT AT [
W BRI L. 75 29°Pb/2%Pb 5 207Pb/204Pb 1 206Pb/2%Ph L 205Pb/2%Pb (1 A, LR R 4%
BRRZH0 T R e S L 2 1), BESEhig sy, JFH 2°Pb2%Pb 15 27Pb/ %P @I
o R AR A E B HT T, I SRR HE R WA A (KB L R R R R RS R, BT SRR R VR S (1
10B) o #[RIA7 2 B Aol ons b 7 ORAEHRE . AR LR LU 1L b X A L A4 B AR I A R A R A R 25 2R
T BN IRA F I A HT RO, R B AU A E R I XA, I 0E X e LA
M AN R A XIRE T ES (B 10B) o BRI R R iR 20 ik R A2 5 3L e B
BT S0E,  HRTRE S8 L DX 43 e LU IR R A R L R R
6.3 BB BHAR

ARICIE T4 = BERAL Rb-Sr [FI 258 4 K B WD 42 Re-Os [ 28 8 45 SRl i Wi 24 10 1)
A AERS o 2825 BE Rb-Sr A& RIME AEE AT 300 ~500°C (Chiaradiaetal.,2013) , i & T AL
KA N CRA AR B EAS —RE CEmH%, 2018) , KIATLAASE = BEELL Rb-Sr 5@ 45
RO REE = BT AR . WA 2R = REN IR R 1 7=, H5 7800, INBERT, 3%
By S e REmALIt A, JEIETTIANE = BER AL Rb-Sr [FIA K E S RIS LR 421 127.142.5 Ma
AR . ST A2 Re-Os i 4E BRI S50/, MSWD EAIXTEIR, (HIHL LN 284E 1%
(129.5+2.8 Ma) 52452 BF Rb-Sr S50 48 (R 45 AR R ZZ 0 N — 2. Bk, wTBUA 22 B AR AN o
PRI LT A0 I B 485 2400 128 Mao S BRIRAT 10 BLUA BT 52 4EA 9 10 BR 1) JC R R UL e 4R
HRIER 20 RICHRAETEE UM B RS, TRAE T Wial dh 8465 M BRRE e 352 [ — el
FF P ANTE TR AR ER R R, R A R BT S AR BRRE A BT AR R I B, (4
AN 14.3+5.5Ma F 12.3+4.6 Ma) , ER F 1 5IREBIIBES B Mo-Cu 7 AHK (Zuoetal.,2025) o 7
JER AN G 22 BVEET PRI R A R B A R BAT T e 24 b 1 BICIR A AR A DO 8 T R — AN 528 04
FA R IA BT RS (MBS, 2015) o ESCRABR. 4[R2 0 2 BB T AR (1 Y
AR BRRAT G B UEAR R, BRI A SCA 2 B PRI AT & T 1R — Rl 1 i 1
Y, BTS20 128Ma. A AERTE R 22 V0 Bl N 5 2 B I R B U I R A — 3 (137~
129 Ma, E¥4, 2018; FHEUIEE, 2019; FES%E, 2026) , Hi T2 BISH K EEZT 2 V) 246
RIBEE AT F1 BT ZME A 2], B AN I T O e
6.4 T PRELFEIRE KR R

B TIAE T BEE 1 ) AR BE T IR 5 8 R s R A VI RRR B R, B P00 5 A SR iR
5 5 R HIBAR S, PRI R — b Rl o3 A B B PR Bl AR IR IR Ce.g., B /KETHT IR
PERGRE IR o BARIX A AL IO PR I35 55 AR FIAROG, (DR AR TE ROl P (VR R A ZE B S 22 001
PR TR IR TR B A O B, S8R R (4 BT 4 R HGR 1 B H R CSillitoe, 2010
T FRIR TR PR R BIRAT BEA A P B S IR AETE R (R &R, R BES RO T R IR A%
#B (Sillitoe and Hedenquist, 2005; R [EH 2%, 2018) o Kk, TR S N B A AR X —FHE FEAREAE N H)
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DLE IS ARG, T REA B RIS, B R B R B 1E R R 5 A 1 A Azl
(Sillitoe,2010) o 2T, & FIE R BEA 7K 5 REE B2 1L Al UK & A A 98— 2k 4 ik
BT R — R R K, R WA RN EE b o T AT 2L T AR B A2 4% T F1 TR
R KRBT RL, PR S W LE R AR — 5. thAh, B BT PR (0 B AR 7 g A AT 2 A
L [ SRR AN R R AR 434 (Sillitoe, 20105 B, 2023) , T2 HIEH R U2 200 H AT 1k
L [ S A R EE BRI I S, BAR RIS R A A 7 2P 8 = BHME S A
FHE, B0 ABOZ A A AR RS, R A R R B AR . DRl AR A Rk
A, ZHEBERIEA R RSN S, BIEARR RIS TR EEES 5 AN E
FRILERIR CEmHE, 2018) o SR, & BIEH PR R A A LLE PR A 3, i
REI AR . PRERBEMRAE . BRI, ASSCIA N BIEH IR BAARAE TAE R BE RN, (HIEA
FEPEATI IR . BURAS S AR 45 R R 2 BT KB 516 K BEE e (RR AT, (BT 1en™
PRS2 T WA 1« AR 22 DA 16 10 IR A 48 I S 4 3 ) S s Jl 4 8 N /N T o AP RS
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P A SRR (4 BIE AR LIS B, BEG ms AN, R R A
FIREAE; (5 R B B S AR IR B AT 200 ~ 300°C 2 8], #h1E FEEHIN 4 ~ 12 wt.% NaCl
eqv., FEHLHR BARIR AR IR TRARERIE; (60 BR-HH RN R TG R MoK 1 IR A 3
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Table 1 Comparison of metallogenic characteristics of intermediate-sulfidation epithermal deposits, Ag-Pb-Zn

deposits in the Xiayu ore field and the Laoliwan deposit
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&

A& & 5~20 vol% 5~ 60 vol% #9°5 ~50 vol%
A AR 200 ~ 370°C #) 120 ~350°C W LAk 3 OB B s
& 204 ~273°C;

FBRIRT 1k: 239 ~308°C
D IRRENN 0 ~ 23 wt.% NaCl eqv. %] 1.5 ~ 18 wt.% NaCl eqv. WS AL 3 Bl B B
i3 4.2 ~9.5 wt.% NaCl eqv.;
FARRIRE L 6.7 ~11.4
wt.% NaCl eqv.
JSH RS — £)123 ~ 147 Ma %) 128Ma
Z2 Rk Hedenquist et al., 2000; Lietal,2013; Tian et al., K
Sillitoe and Hedenquist, | 2023; EHLEE, 2006; &
2005; AR AE, A%, 2010
2018; Tian et al., 2023
Br 172 HBIEH RSN, BRI R AR e hOE A 145 ~ 115 Ma fR4E— )32 B AL H B ™

PERT,  J Hak — SR FH AR ) 5 b v i e 2 5. 1 S 25 2R TS B (R AHY) & (Gao and Zhao,
2017; ZFHE5E, 2025) o BAREHIK BRI SR BUAEAE Gl (H 2 B0 5T R X LA PR35 ik B
TP B 2 SR ATIR, 5 5 B S KIS SIAHK (Caoetal., 2015; Zhaoetal., 2018) .
TX 6 BARR PRI B PR — A T Bl 5 AR R AN BRI GRS, anZe )13 X 74 7K ALY IR (Cao et al,
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Fig.12. A proposed metallogenic model of the Laoliwan deposit in the Xiaoshan district
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Appendix Fig. 1 Petrographic characteristics of the Laoliwan granite porphyry
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Appendix Fig. 2 Photomicrographs of sericite associated with Pb-Zn mineralization (A-D), and BSE images
and corresponding TIMA images of apatite intergrown with sulfides and sericite (E-H)
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