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Abstract: This paper is the result of mineral exploration engineering.

[Objective] Pyrite is the most common metal mineral of the Pangjiahe gold deposit, and it is also the most important gold—bearing
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mineral. Its typomorphic characteristics contain abundant geological information. [Methods] This paper conducts systematic
analysis and research by selecting the morphological typomorphic characteristic, pyroelectric typomorphic characteristics and
compositional typomorphic characteristic of pyrite, which is newly discovered in IV—2 ore body in the eastern part of the
deposit. [Results] It is found that crystal morphology of pyrite is mainly cubic and pentagonal dodecahedron, characterized by high
arsenic, iron deficiency and sulfur. The average value of Fe/(S+As) is 0.860, and the ratio of Co/Ni is mainly concentrated between 1
and 10. [Conclusions] The calculation shows that the deposit is formed in a shallow depth, medium—low temperature environment,
and the ore—forming fluid has obvious metamorphic properties. The vertical variation of pyroelectricity and morphology of pyrite
indicates that there is still potential for deep ore prospecting, and preliminary calculations indicate that there is still an extension of

186 m downward ore at elevation of 861 m.

Key words: gold deposit; pyrite; typomorphic characteristics; deep prospecting; mineral exploration engineering; Pangjiahe; Shaanxi
Highlights: (1) Using the characteristics of the ring structures, morphological changes and thermoelectric changes of pyrites, it can
be identified the gold multi—phase and multi—stage mineralizations. (2) Crystal morphology and thermoelectricity of pyrite in gold
deposits has a certain zoning rule in the spatial distributions, which can effectively indicate the enrichment of the ore body and its
metallogenic potential.
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Fig.1 Lacation of ore district in the Qinling orogenic belt(a), simplified geological map of ore district®(b)
1—Quaternary; 2—a lithologic member of Dacaotan Formation; 3—b lithologic member of Dacaotan Formation; 4—Luohansi Formation; 5S—Danfeng

Group; 6—Granite—porphyry vein; 7—Diabase vein; 8—Quartz—diorite stock; 9—Gold ore body; 10—Regional fault; 11—Secondary fault;

12—Geological boundary; 13—Number of exploration line; 14—Drill hole and number; 15—Rivers
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Fig.2 Profile of No.18 exploration line in the Pangjiahe gold
deposit
1—Quaternary; 2—Metasandstone; 3—Phyllite; 4—Gold ore body;
5—Mineralized boby; 6—Granite—porphyry dyke; 7—Foliation zone;
8—Tunnel; 9—Drill hole; 10—Sampling location
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Fig.3 Ore textures and structure maps of the Pangjiahe gold deposit
Py—Pyrite; Apy—Arsenopyrite; Ccp—Chalcopyrite; Gn—Galena; Cc—Calcite; Au—Gold
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Table 1 Morphological features of pyrite of [V —2 in the Pangjiahe gold deposit
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Fig.4 Morphological typomorphic characteristics of pyrite
a—Cubic pyrite; b—Pentagonal dodecahedral pyrite; c—Cube and pentagonal dodecahedral pyrite; d—Pentagonal twelve—sided parallel crystallized
pyrite; e—Growth of crystal grains on the face of pentagonal dodecahedral pyrite; f—Pentagonal dodecahedral double crystal pyrite
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Table 2 Thermoelectric properties of pyrites of [V —2 in the Pangjiahe gold deposit
FE 5/ £ NI HHL R o/ (nv/°C) P I H L R K a(uv/°C) S
NG & AL FHE HH AR % A4 FHE B % Bt
CMI18-1/1164m 71 -53.03~-268.56 -131.53 100% — — 0 N
CM16-1/1114m 119 — — 0 3.68~353.42 235.82 100% P
ZK18-2-9/1044m 72 — — 0 228.46~308.75 245.38 100% P
ZK18-1-1/951m 92 — — 0 36.87~328.34 199.84 100% P
ZK18-3-1/861m 65 -98.32~-6.54 -45.56 38% 23.07~167.58 76.86 62% N-P
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Table 3 The analysis of EPMA of different structural pyrites of [V —2 in the Pangjiahe gold deposit(% )

FEfh g5 ;E MAAIE  Fe S As  Au  Zn  Cu Ti Ag Te Sb Pb Ni Co HME
SR 1ANER 46,715 52.920 0.181 0.042 - - 0032 - 0011 — 0013 0.069 99.98

AR 14M3E 46.967 53.004 0.153 0.012 - - - 0.014 0.004 0.011 0.031 0.076 100.27

ZK18-2-8 ER 1R 45808 49.546 4.956 0.017 0.028 0.047  — - - 0008 - - 0.076 100.49
Ef 1R 45805 49.859 4.689 0.075 0.089 0.124 - 0.002 - — 0.057 0.010 0.096 100.81

B SR 1RZES 46.507 53.127 0.025 0.012 0.027 0.024 - 0.024 0.030 0.006 — - 0323 100.11

ik R 24ME 46.888 52.626 0.836 0.032 0.053 - - - 0002 - - 0.083 100.52

R 24ME 46.802 52.149 1.108 - 0.035 - 0.005 - - - - 0.007 0.104 100.21

ZK18-2-11 EiR2 FFER 46.092 51.215 1.167 0.107 0.028 0.005 - 0.006 0036 — 0.017 0.082 98.76
mR2 IR 45744 49.749 4767 - 0.008 0.027 - 0.003 - - - - 0.107 100.41

MR 2 4% 46.630 52.229 1.495 0.051 0.006 - - - - - 0.012 0.076 100.50
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ffAs  47.051 53232 0.022 0.042 0.002 - - - 0020 - - - 0.158 100.53

ZRIS2S — k6 44.829 47999 7.077 0.028 0.042 0.119 - - 0.005 0.015 - - 0.067 100.18
, SR7 45115 49229 5155 - 0.001 0.060 0.018 - - - - - 0.091 99.67

ZK18-2-11 i k8 46356 50917 1.672 0.046 0.037 0.083 - - - 0026 - 0069 0.08 99.29
BR9 45525 49226 5242 0.049 0.050 - 0.024 — 0013 0.028 — 0.054 100.21
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190°C. F#r R E A 5] /) B 45 TR A8 Ak
U 1B 5 A DA B AR IR S AR W) 75, BEFR /R L VE
TR AR AL A A AR, R BT I AR B A R A
fiE o o HAS [R) A 25 B k0 R 65 ot L B 2R A 7 3R A
XL (3R 4) , & BZH TR BB i 45 il BE e 1A
B | R R TR g P [T S R o0 R N R @ =
1044 m) 25 ik BE R v i ELA IR S A e L T RE
REE T2 IR A Z W& a2, sk 73
B R A 210~250°C

6.1.2 T MR B

Jil2E A (2005) WF5E R BH B 1Y Fe/(S+As) &
I HO A 5 DR B TR B A A A AR e G R B
K 0.870, TRELIABE = I #4k0 Fe/(S+As)HZ K
0.846, B 2 58 Bk HME 290 0.863, Tk A
0.926, PEZI 40" IV -2 50 (K 824" Fe/(S+As)
B 24 T4 0.863~0.926, (B LA /b 4 4™
Fe/(S+As)/NT0.846, =B PEZ &0 TE W TR LA
Bi, 5 {5 (2018 )il i XA S FE RS 3R A
FCREE (1.08~3.09 km) 545 A —FL
6.1.3 A FARE T B Au 9 IK AR &

TR Y Co/Ni{E 1T T 48 /8 HOE i 3R bz,
HTA (G S, 1987 ARk, 1989 ; BHZEME , 2001 ;
ZELT A FLIG , 2005) BIFGE IR « 25 8 I IR )
T Co Ni & #5 , H.Co /Ni 24T 1~5; T
LA P BRT™ Co/Ni Z2/INTF 15 28 o RAR s PAL 1Y) ok
W 2 AR R TR R B R R AIE , L Co/Ni —Jietis /)y
T 1o PEZW 40 ¥ By A [FH A7 Co/Ni i
ZAF 1~10, BA7 B 8 i PR 1 (18] 5a) A 1
AN S TE T SR R B X i A R

R4 BEFXAST RN 2 ST ERRGRSESKT EREETHEER
Table 4 Calculated crystallization temperature of pyrite in different depths of IV -2 in the Pangjiahe gold deposit

REEbR /M SRR IREEARIX A/ C I FEAR X A/ C T HE/C
1164 71 239.79~358.34 239.79~270.48,300.08~358.34 315.17
1114 119 75.54~285.34 153.06~195.26,218.42~285.38 214.82
1044 72 210.40~258.58 210.40~258.58 220.56
951 92 95.45~270.33 105.64~168.77,198.56~254.33 193.24
861 65 87.17~418.78 87.17~173.88,363.71~418.78 232.30
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Fig.5 Scatter plot of Co and Ni content of different types of pyrite (a); Au—As relationship diagram, gold saturation curve (b) (after
Reich et al., 2005)

WA Bk A R R AT 2R B (R fLis s A G
2011 ; By {45, 2018) , PG00 &0 LA™ I 44 LA A2 [T
TN 3 ANHEBRTR YD i I, 5 AR 5%
ZER—E.

HI ARG /R AR N A M R 5 As i
£ B - £ (Reich et al., 2005) , Au—As I i
LR AN sb, MEE S TZ N A 2L
H AR S AR IIE AL, Y8 Tt 2 F 3
B4 22 D) A 4 8 SXRAE e Bk rh o TS
S 42 LLnks 2 L AETE (B sb) , tARHERR
it DL 4 AL IR AE (K 3h) .

25 Lk, e S A ] 1A R A3 Sk P IR
AR AT, BT PR 2R A T2 I8 H X 57
WIsR 2 AR VR, 4 A IR S DA S A 4 o0
F, o0 a ARSI,

6.2 HEHU HNETEEN

LT (220 FG PR, 20055 8 27 K45
2005 ; 22N WA, 2009 ; ZRAERRAE , 2011 5 7R85 45
2013) %1 &8 R H B AR bR L A BT S, BOER T
1) S AT 25 AR s PR 7R 25 (] b0 A B — e 14y
R, AT LAAT R 8 R B R B 2T 5 SR T T o
SR AR R S TS 550 A B DL ST
TR F R R S b A B
EER RN RO 2 = I S IRV % NN a1 11 . NN N
KEATIRIE e (AR, W ST 5 R S7 (A
IR RIES . EZIM ST IRV -2 S5 RSP
i ATE S M IR LAST Rk 3 ZE gl L A

R (15 SN RASE VAR & ST S5 B AN 111y 1 12N
B (R 1) o FREg 02, IV 250 (R
FEMI(951~861 mbmir ), FLff+ IR BT8R |
FEARTK, BB B AT T RRAT) A #5 0 IAR  IEE , BITRH
5 —E TV T

HI (4 [ 788 0 B, 19925 A5 = A=
%, 1995; W B ¥ 45, 1999; BLAEM A, 2011 HE (R I
85, 2013) WFSEUESE , SRR AT AR R PR R AT T4
B R EF AR T AT AFE R &0 IRV
Wb E N AR 2 T 5 B R B0 E (A & 2
diiE, 1995) , HUAG 0 5EAR — B, A SCOH X & 3R
IV =2 50 1SR RARE 9 5 1 ok T A ) ok 3R
HRAXT

y=50— X,,/4 (3)
Horpr oy AR X, ISR
Xo=2f14f1) — (fvt21v) (4)

Horpr AR TR R FR BB Y s R
S E L f1 28 0> 400 pV/°C, fi1 8 a=200~400 uV/°C, fu
1 0=0~200 uV/°C, fy A o < —200~0 uV/°C, fy M a <
=200 puV/°C. FIHZAF(3) (4)XF IV -2 55 A ) 3]
PRATIFRE IR S, ATRAE W, V-2 50 (&R
FEFETE 28.13%~75% , T- 41| 11385 45.05%, 5745 Bt
IV S PR A 0 ik 2 (30%~35% ) (R 2 A2 (5 i
1995)FH Lt , 7R B (Bl s TG 15 467, 0l R BEAH
XA o RT3 ol 3 ELAG DTS ) TR Pl A /N S
HER AR, 0 B8 R AATE 951~861 m bR AEAEZ
HIPIE S IS oL, S ECH R IR B R
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I
Table S Thermoelectric parameters of various levels of
IV-2 in the Pangjiahe gold deposit

Fedbdms  brem PRUHELE/% BoitESH (X)) R y%
64CM18-1 1164 0 -100 75.00
14CM16-3 1114 100 84.03 28.99
ZK18-2-9 1044 100 87.50 28.13
ZK18-1-1 951 100 60.87 34.78
ZK18-3-1 861 62 -33.78 58.45

HR A 4 0 PR B R 3 78 A ) i 1 AR AL R
o B YR 2 B80T DL W 4 S ) R ) A2 A
o PR RCR G 1R 1 Bk P i R B AE ] B
A 1] 437, B A L R PO (BB ) —N-P
IRATHP-NIEA B (h#k) —N B CFH) (4=
HIRE FLIA,2005) o DEZR M &0 IKIV -2 54 K m %
HRZ W R P Y e N—P R & i 8 (32 2) , Ui HH B
P A T 3, AT S — o R . A
(RGE i F2= 517, 1995 s BRAEARSE, 2011) A1 2%
WS E (X)W R EAG S (R A AR, 2
(/N

L=(X,,i+200) (H1-H2)/(X,,1—X,,2) (5)

orfr ) LA AR R s AR R B X0
IERAE SR GRS X1 HL X, H2
Sy A b RS RSB = R

FIAA K (5) TS AR 861 mAr = 7 44% ]
T AE AR 24 186 m, & B A 1 RIEAT A R 1
JEfiT,

g5 FRR, V-2 0 IR g i SR g
PEFRIUIAHE IR 18 el IRATI A B R I IE TR, bk
& S 5 3013 2145 (2018) X A [R) 437 B 1) D A = AF 5
FI45E—2, R T R B 2, B
7E 861 mb g ] T AN A S 8V )

7 4 ik

LR PE R a8 IRV -2 0 (R sk e 2S
PRI PR MEAR B DL SR B AT B ST, R4S
PR A B F S AT AT SRR, /T LIS AT 3
AR

(1) PEZT 4 PR AT A0 A5 5 SR Al P ARt 24
AT IR, B 1A 32 SR T2 o PR, ASHERR
HHRPBTIA 5 SR APRE DL o E

(2) A1 B A 2 0 2 B B &S i 4 o
IV =2 5 R TE A [ b i B BB R T A AR 1
IR R P A A R A 0 2 B0 IR ) 2 W 2 B B S
IVE R, FAR B k3 & B AN IR BT B 25 R SRR AIE
WL T IX— .

GO KRG AT — 19 1. ZEINV 29
RIS (b= 861 m BT ) I Wt 3k 507 AH B in
(R A T H 2 h5 s 861 m ] R A3 186 m Y EAH

Bt e R P ERAAF(RIORRF K
R B LA R EEE T WA T, 4 dE
FRMITHFER R GBH RN ETENL,

pE

O F R Tolk 20 211 KBV BRZA R . 2018, Beptsa KU PESK
TG TR B SN e PR AT B B S 4R R .
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