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

2023 4F
[Objective] The global rhenium resources are unevenly distributed. Chile accounts for more than half of the total global rhenium
resources, mainly from porphyry copper deposits. The type of rhenium deposit is closely related to its occurrence state. Since most
of the rhenium ore is associated with other minerals, the classification of rhenium deposits has not yet formed a unified standard,
which can not provide a basis for ore prospecting. Therefore, it is urgent to carry out relevant research. [Methods]In this paper, from
the perspective of global occurrence of rhenium deposits, ore types and other aspects, the enrichment and mineralization rules and
deposit types of existing typical rhenium deposits are systematically sorted out and summarized, in order to provide ideas for the
exploration and development of this type of deposits. [Results|[Rhenium deposits are divided into four types in this paper: rhenium
in porphyry copper deposits, rthenium in sedimentary— type strata— bound copper deposits, rhenium in sandstone— type uranium
deposits, and rhenium in skarn deposits. Among them, rhenium in porphyry deposits has the highest grade and largest reserves. In
terms of metallogenic characteristics, the Yanshanian period is the most developed for rhenium mineralization, followed by the
Himalayan, Indosinian, and Caledonian periods. Large associated rhenium deposits mainly developed in the Caledonian, Indosinian,
Yanshanian and Himalayas. In terms of rhenium exploration, more than half of the proven rhenium reserves are from Chile, and the

remaining major countries are the United States, Russia, Kazakhstan and Armenia in order. Regarding the development of rhenium
ore, rhenium ore is likely to exist in porphyry copper deposits formed in a continental arc environment, and many countries have

secondary development and utilization of old mines should be emphasized.

begun to recover rhenium from porphyry copper deposits. [Conclusions]As an emerging resource, rhenium ore will play an active
role in the implementation of energy saving, emission reduction, and carbon neutrality in the future. The exploration of independent
exploration engineering

rhenium deposits and the genetic mechanism of copper—molybdenum— rhenium associated deposits should be strengthened, and the

Key words: rhenium; distribution characteristics; metallogenic types; exploration and development; prospects perspective; mineral
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rhenium ore is likely to exist in porphyry copper deposits formed in a continental arc environment.
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Highlights: (1) Rhenium deposits are divided into four types, and rhenium in porphyry deposits has the highest grade and largest
reserves; (2) In terms of metallogenic characteristics, the Yanshanian period is the most developed for rhenium mineralization, and
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Fig.1 Distribution map of main rhenium deposits in the world (modified from Zhang Yanfei et al., 2012)

2019 4F R ERPRE" 7 5 0 49 t, Hoh 2927 77 B8 Al
BB A H A IR (B ™= 1= 1% 55% ) , 4 Bingham Canyon
Mine #" K, T4k, K E 3L G5 sa i |
SVGE RS A WA 2% ) v 3 A [ AT
Iy INIRE 55047 PR b el ek (SR AR 4, 2020) , 11T KBl
INIRIEE T B B B BV 4 A2 Bk AR 7 1) 2
HUE o S B Bl B R AN TSR] SRR I A A
M, DR T 5 K E N 55 P4 AF N AN ARk
P o P 22 AN B v S E DLTAR ) R 1) )2 45 R A
WIREHE D — FZERMWE, k=2 m
Kupferschiefer " R A1 5% 5 71 (1) Dzhezkazgan ™
PRIHHA K EBRTEIR, 1MT% = Legnica—Glogow 447
1 Kupferschiefer " JRAE 7 i 24 30 t4 47, fitf i /2 L)
HEF30 2404, MEER g H RGN A BT R UL RE
Wk 1R I 7= 7 4 (Dahlkamp, 2009) , 146, &
W B4R L ik R R R A D R
Bt U5 (Khalezov, 2009) o MAHE B+ 22 M AU K
BV R RS B 2 ST BT IR, LBk
i AR T A 22.7 g/t RS A RS RO L, Bk
W EE A AN, B N BIAE 2 R 237 ¢,
BT TUL VGRS Y Fg 52 1L B PG % e R 4 HE IR
TTRE 281 R MR 2 1 A b (5 B 4%, 2008; 16 55
85, 2017; FIRFERIGKITIE, 2019)

3 BRETIR B

BRIET RS S AR B UIAE G, AR A
Y Bk 3 LR R 8 A TR R A 1k
g AR AR LR Y IR AL
W EAFEE b o TR AR FRERR 1Y
WRAFARES , P EAR DA Pl B Bk IR A7 A, 2
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BT A7 43 A B O B0 5% 2R U0 A A B 5 80 4 4 4H
CBR)W IR, PO RSP By P 7 ) 55 [ BT 2 5
H R R A L B & B A & Bkt i O
R OV ER ™ BR 5 1 5 35 0.2% (BR 51845, 2019) o
JUT A IR kAR 7 A2 e TR R BI=1) , BE
RV —H— G0 R P E 2 A PR IR, X L8 IR R
W B BE IR 1Y) 80% , B A AVER A v (1) ok 3 22 UVESH
W [ 4 TP Y ReS, 2 A7 7E (Fleischer, 1959) , K
S BRRAE AT R BRI, 33X Le 5 IR LA 22
BONUURVE , HUZ 801 B &, BUR A i AR
A = A W B v W A D A 20 2 R RN i 24
Kupferschiefer ) 75 & #H 2% A (Hitzman et al.,
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F 1 EESERH TRYFAE (38 U.S. Geological Survey, 2014)
Table 1 The characteristics of main rhenium—bearing deposits (after U.S. Geological Survey, 2014)
W IRA4 R W IRZEAY MEEE Cudhfi/%  Modhfi%  Bk{EMoS. (1 T34 {#/10°
IS BEA ARG —(Mo—Au) CA 0.400 0.01 460
=S[EN Bt A —(Mo—Au) PC 0.822 0.053 250
/R Bt I —(Mo—Auw) CA 0.673 0.028 240
LABFT B R —(Mo—Auw) CA 0.524 0.0095 455
A 7K BEA AR —(Mo—Au) PC 0.592 0.0243 1100
FRGEIR(Almalyk)  BEEEH —(Mo—Au) CA 0.380 0.006 1500
Zuun Mod Molyb—denum  BE5 B —(Mo—Au) CA 0.069 0.059 275
= 14 J5 AR (Kupfer—schiefer)
B R—E B YR ) a. 1.58 — —
AR e
) . 14 )5 AR (Kupfer—schiefer)
SRR — M SRR a. 2.41 0.015 —
) N JE P e

7 : CA— KBl ; PC—JF Bl 5 n.a— A8 H T2 AT IR

2005) . M v T N D 5 B Rl epoR] el /b B
£k (Dahlkamp, 2009 ) , ## A F WV B = 2% M Mount
Dore i #” IR i) Merlin 50 — 8R40 7 J& &5 5 LB 1)
AR, JF B &M — sk E N 20 A
IR,

SVAE TR 280 HoA R AR AR 3L
BRIHT RIS 73 i AT W — il . Dill(2010)
TE AR RS 260, B2 11 T Bk R 43 07 52, BA
AT BREA AR TR AR DL N B A A Y
BH—E R0 IR T BRI DL DU N 2SS A B R
W H AT ; John et al. (2017) 445 BRA™ RS AU K]
G3 RASE YR — R IR BT IR 38 AR 2 4
B b 2 AR RS R —4H - TR
A 2FH N R R AR Bk i 25l R AR IR
H B R AN, I8 TST B8R PR 5 Bk 04 5 % A A
IR VESERETIR VBT IR L B bR SRS BT IR R D
A VBRI D A BT IR R AR i i 0 RV T D
SR PR (I, 2000 55 FLAE,2019a) . #7802
(2000) H#F— 44 5 BB IR 53 325 R R A 0UA &R
CELFEIEZ) NI S8R0 IR , KIS RIS
UK N I BBk PR A S BES A8 B Y ) 75 Bk
WK (3 JLAE, 2019a) o Z5 R ERE MR BL PR 45
E A SCHE BRI TR 530 - B B ™ v i Bk TR
R Rk DS R TR Bk DL S R
AU R Bk 4 B, o DABREA 0 PR BBkl A3 35
R (K 2),

3.1 DEAEBEET PRI

KAl 2 Bt B A —4H — 0 R v Bk o T 2

BRTEUE I FE S oA, B AV BT RAR K R 0.1

Gt) , fi AR R ) 25 84 0.3%~2.0% )@, B2 2 4
7 PR & R B BE R & S8 B9 — B 0 (Sillitoe,
2010) . i REES B IR h B2 A0, 1
R, & F/Dar4R , BRI PGE (3228 240 ) f& X 46
B B B2 5 &I 77 90 (Richards, 2009 ; Hou et al.,
2011) o BEA BUA B 22 G0 0 BURER 4 (IR FE 2928 2~
10 km) H U BUBRE S 4 — 5 — 8071k, 3 &8 Al GBI A
Bl R b, XEERBNIRE LR 1T REZE
FEA rea i AN P AR T Y R R 4 — AR 4 IR, 1
M AR BT R E R S RN T AR A OC , BR R
SR (B 3) o 4500 4R 7™ A 255 1
LUK A 2R B AR A AR v, s R ) e e 3 —
P Z2 KB FE KA IR AR IR R AR IR A5 . B
ARV BT IR H Bk R EE DL ReS, TR 2URA7 76 85 4H
1 B [ A b (Fleischer, 1959) , 2™ PR Ak i
B, 8% /N T 0.5 g/t®(John and Taylor,2016)

BEA AR ROV R ) 2 B i (IR T 5
FT ROEEHE BRI 5 100 A R
{HBEA R PR Bl b S 38 AR B A R A Bk iy
7, i H R ZHBE S AV R rh Bk i tudse b
3.2 EMREEEREY KSR

DURZ IR RJR R o) — FZRIR, A T
A E A et AR R AT B, e B s T H A (£
PR ) FRUH A7 R AT >4 A 3 JEUAH (Kupferschiefer ) Y 4
AR, DU Z RV Ak At S (R A 4
il — B AL AL AR, P AR R S B & A S TR
H1 (Hitzman et al., 2005) , 4 0 YU iR 1
D5 1) A% RO R — 22 — AR R — S — Bk
(A S ) AN AR AE TR 2 R T4 fk
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Fig.2 Plot of rhenium grade versus deposit tonnage for major rhenium-bearing deposits in the world®(modified from John and
Taylor, 2016)
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SFECT R VR E R
3218 8 By AVRAS IR F W94k

FERG B 50 7 3H s, DARE — 5% BEL 5% 5 b e 91
A D A 2 8 B T K (40 Dzhezkazgan Fll
Zhaman—Aybat i R ) H AT $EERBRAT, 57 IR H R A A
A (BEERGT , R RN ) A SR i
PR TSN 0 5 [ R CUE B, VR 7 B B 1,
PR (B 4) . P E7 SO0 R BBk i =22
J& Zhaman—Aybat i K (CE) 57 8 1.45 g/t, Fe s nl
ik 9 g/t) Ml Dzhezkazgan ' IR (SF-34 b 2 4 1~2 g/t) ,
XA R A A T B v 3730 Qaraghandy 45 . 7
Zhaman—Aybat i R, B4 4 7= B 8 57 R R rY o5
AR B AT — AR A 2 TR B P A
W LR A A R e S ek, T ELBR AR S M
WK, BRSHT AR RT Y], Dzhezkazgan
IR B A -5 BRI L% (Mo Re) -3 {E N

1.2, HoA s 2 S rH A PR AP (9 LR Ol 0.4~7.5 3K 3%
W1 7E 3 28 g K Bk L 4H B 4R (Taylor and
McLennan, 1995 ; Rudnick and Gao,2003) , 1% 5 K[k
HBFE V-2 Mo Re 4 2.5 2 2.75 YA HE AR, 1fif
B AT R EE A b Bk & iU A 3.3~10.1 g/t
(Ruiz and Mathur, 1999; Selby et al., 2009; Box,
2013),
3.2.2 3% 7 A8 (Kupferschiefer ) &4 A 4R 57 /& o 64 4k
T H & it Kupferschiefer (i A 77 ) /)
T T RN SR K AR AR IR (Mansfeld—
Sangerhausen 7l Lubin—Sieroszowice " J& ) ®® ( Vaughan
et al., 1989; Hitzman et al., 2005) , X 2434 JF A 2 45
RUER ™ PRAR 5 A R W BRE IR, Qe == 74 e 30 1Y)
Lubin— Sieroszowice # FK . 7% [ 54 % A Mansfeld—
Sangerhausen i R , iIX $E4 R A fiff 12 5K, % 2%
Legnica—Glogow il #7717 i) 9 I &k 1.181 G, 4 F
B 5 AL A 1.58% , B SF ¥ A £k 48 gt @,
Kupferschiefer 1% 5 Ally b X 1 il 22 % 80 T K AL A
Ko MHZTT 75 E & 8 9h IR TE— AR SR IR
B2 A B =R 2, R 21 g/t, N 1200 4E % 1990 4F
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Fig.3 Porphyry copper—molybdenum—gold (Cu—Mo—Au) deposit in Utah (modified from Landtwing et al., 2010; Seo et al., 2012)

FF oK B 8 i 2500 t, Kupferschiefer #7 IR 1= 7&
Rotliegendes—Zechstein 7 1 1) B 5 i1 2% (F. — &
KB 244 i) — 343 ), He BB AR AR
IR K 11175 (Vaughan et al., 1989; Kucha, 2003%;
Hitzman et al., 2005) , ‘K IS8R A LA 2, H A&
3K 3 TOlk & 47 (Hitzman et al., 2005) . _F 7
Rotliegendes &1 JE R L1 22T, BT 3t AR
Fl sabkha I B4 20 W, Jm 3 9% A XU D
(Weissliegendes ) 7 55 . - — & tH: Kupferschiefer /&
— P (30~70 cm) & E A ALK Y B A DU TERR
Y b A s T B i 800000 km?, B S B T
Zechstein i JZ () 3L fill 5. T , 3 7 Rotliegendes—
Weissliegendes J7* 41 & A= R 3 i 1= 19 1] 4 By BL 9L
. Kupferschiefer 22 {4 71 7+ [ 4 Zechstein fik i
B (H A ) DL A 5 55 (B 5) , B
R AR B D S 2 ECE B L 4x  PGE FIER
Kupferschiefer i PR L FFIE S J% , AT R 53R 21
B Bt - OUTFRY) — 7K S B 1 B Ak S &
Fr IR A 1R R QT - AP A B A ik
Mgy ; 34 —PGE # L AE . 8l 0 1k 1B H
(Vaughan et al., 1989; Wodzicki and Piestrzynski,
1994;Kucha, 2003®; Hitzman et al., 2005) .

Kupferschiefer " Bk 5 & & il 1 U0 A1 i
FHC A% V) (Hammer et al., 1990; Kucha, 2003®) , 41
Mansfeld—Sangerhausen ' L1 7 B 5H -8k Lk 7
1, S5 0E % w2 B A R op A, S SE B Bk EL
FUVHERTTHHIN &, SR SR . XM [ S Sk
FE IR AR I, A BRI S AR K
255, HE N 0.24~27 git, % i 0 Bk R A
Kupferschiefer 1418 A& F (Hammer et al., 1990), 7%
22 1Y 6> Kupferschiefer B4, T A A% i WP O BRIR FEVE
Filhy 63.6x107°~1380x 107 (4l & <106 g/t, FH & 7R
20~340 g/t) , TEXSEHE i R 5 R A AR S IR AH DG
(R*=0.93), JF HEHERATUA T, MEEPEIL
T3 75 Kupferschiefer VIR YR TR 4L S
I RJe s 40 Exshaw 21 IR0 B 60 T4 IR CRR 6
USRI LRI, o A5 BH VR Bk B Ay s 4
TRAEAEARL, AT A A B ) LR RRAE (Liischen et
al., 2000) . X EEHE R W], Kupferschiefer # 41 H1
BRATREIR A A i A S T RAETE R A U
B R AL B A X
3.3 RhEBIHT P HIBR

B DA 5 2% 51 va IR b A i I 7=
Kazakhstan 2\ r) H i % [ 19 57 G % s SR DG
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W [k ®(Dahlkamp, 2009) . BhA RIS PR
B TR 5O v PR Th B B & 1 o
Kb b CIRARSE, 2018; BAR4RA 55, 2021; A5 IS,
2021) , Wy % s i $H RS 2% 531 5 i 3H ) Rl R DU
WRAFAE 2 &t i —gni 4t ARG A b AR
e F A D A T R A R AR T D AR
FEH R K HIE R, S E ) S ik S B s
AT A SRRl A LR AR IR, el tr i i
FALUTTE , il anf st R RS Bkt Jx b a
YR K LA TR R R 2 55 A Y B
HZ AR . 7E 5255 5e irdH Zarafshan 77X,
i Sugraly " JR , M\ Kyzylkum Z33 12640 2 4R b
b)Z R AT AR S T Bk RN . 2T
X H R SRA IR T 1977 4F, J5 R b 3R , ELF
1994 4R 453, Sugraly 7 R B R R IR
HA R 0l -l —4H -8k , 04K 0.5~20 km, 5
100~500 m, %k A ReS, Al ReO, L AAFTE , SRt i
F 10~15 g/t (Dahlkamp, 2009; Seltmann et al.,
2012) . FEEP s TH B R A ALV T AR R
FhAE — 5% L 95 45 1Y Moynkum , Kanzhugan F1 Kenze—
Budenovskaya #° &K , DA A Suluchekinskoye #” JK
(Dahlkamp, 2009) , 7 Moynkum Fll Kanzhugan " [X_
fpliitFny U HivpN LI SR 2y = 2 £
5B V3E R TE 0.08~0.38 g/t FELLa R [k 5 1t
Fhik 4.8 g/t. 1E Moynkum i R JL 3 Y Tortkuduk [X.
B (Bl o), i b &7 — e g - SmibIRZ
] 1) 40 m JEE RS Z- A T Sl f v g A 1Y) AR T T
[ AEF 24 10 km, i )5 A TTHEZ 20 m )&, 2 HB 1T AE

JEIE UK, KB 400 m, BEA: (RS 07>0.1 g/t) S5k
(A AW G, RS TR I B TR , A 2k
o R R — S KT 50 g/t iR
WX, 7F Kenze—Budenovskaya i [X f*] Zhalpak Fll
Akdala IR, 20 b rh b 2 s Sl 1k, i
W IR A JLAS ™ PR 1 Bk 75 122 5 18 62 g/t (Dahlkamp,
2009; Seltmann et al., 2012%) , k& & KT 0.2 g/t 1)
B s ol & & R . E R A
Suluchekinskoye i DX, Fif i B4 A7 74 /2 1 40 57l i
A Y AR BRAE IR SR A A T 0 AR ) 2 A
IR e e A A I PR T iU — R B X, TRk
A IR A D e S A A A X, R A 1~
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