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Abstract: Cobalt is currently a globally strategic key metal mineral, which is of great significance for the con-
struction of the national economy and the development of emerging industries. The Beishan cobalt deposit in
Ningxia is considered to be a sedimentary-metamorphic cobalt deposit with multiple periods of hydrothermal su-
perimposed transformation. However, research on its mineralization era and structural background, as well as the
source, occurrence status, and migration and enrichment mechanism of cobalt, is still relatively weak. The
Ningxia cobalt deposit is a sedimentary-metasedimentary cobalt, whose genesis is controlled by multi-factors
such as sedimentation, metamorphism and hydrotherm. At present, the mineralization era and tectonic back-
ground of the deposit, as well as the source, occurrence state, and migration and enrichment mechanism of cobalt
were poorly studied. To explore the above issues and inspire research on cobalt ore exploration in Ningxia, this
study systematically summarizes the global sedimentary metamorphic cobalt mineralization patterns. The miner-
alization ages are mainly concentrated in the Paleoproterozoic and Neoproterozoic, and spatially distributed in
Central Africa, Zambia Congo, Idaho, Finland, and China. Moreover, the formation of sedimentary-cobalt de-
posits is closely related to major geological events such as global supercontinent aggregation and fragmentation
cycles, global large-scale oxidation, and extreme climate. Based on the above research, this study suggest that re-
search on cobalt deposits in Ningxia region should be conducted in depth and detail in areas such as mineraliza-
tion chronology, major geological events and their relationship with mineralization, geochemical characteristics
of ore bearing strata, material source attributes and their mineralization tectonic background, and data-driven
cobalt mineralization prediction. And this study will support the exploration of strategic key metal mineral re-
sources.

Keywords: cobalt deposits; sedimentary-metasedimentary deposits; mineralization age; metallogenic prog-

nosis; Ningxia
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Fig. 1 The distribution map of major sedimentary-metasedimentary cobalt deposits in the world
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Fig. 2 The formation ear of sedimentary-metasedimentary cobalt deposits, changes in cobalt element abundance during geological

history, and major geological events (The data on the formation era of cobalt deposits are sourced from Table 1)

7| A A 57 T W 2R s 7 38 7R e 1 P R R 2 IO 4 3
P il ( Cailteux et al., 2019; J5 B4, 2021) o P A4
Bl AT A B A BT B 2 I, B RS
FEG KRS EE AR, =R ATE - EF
2 N Al 48 1 1 6 3 (Prave et al., 2016) . 3% 8 5 ik o
) Aty A A AL A Bl R i 140 % 1) o 00 2% 11 B vh
(Nold, 1990) . H 1T A< 3 R 4 B 45 o7 T3 g —
AR bR b B AN b Hb e 2 R) (3T T AR, Mk R
F A db v BaE AR b g (5K 4 B S, 20235 9K 55 4E,
2023) o I SR LR A LTS A AR b s b
B A o AR RS A (I IE AR AR, 2023) . EE I
IR B A1 1] S Al A A T 4k A b 1 7 e k-
& S A I A0S 188 3 A IS 24 B A v S O 4
2001), B¢ 10 85 R AOL TR B G ™, Jr Ak #
BTG B B O el g 2R Tl (22 W IE A 2019) .
g5 LTk, DUR-AE DU &5 0 PR H B BT K il 4
B Bl R B . Rl 1 LA R i P R B S A 1
1 & ( Muchez et al., 2008; Dehaine et al., 2021; I &%,
2024) .

UURA LR LA 5 PR AN A A & SR S5 R
Bili 24 A o AR AR L R SR AR A [R] A B A S A DG T
(K 2) (Large et al., 2019; # FRRI 45, 20225 5 A< i) 45,
2023b) . HEIIL AR A AR T AR BT R 1B
B U = KT Y 4 (2 300~2 100 Ma) AHXT ),
25 [ % 3K af v oo o AR AR B BT 5 RE A T K
1Y 224 g (1 600~ 1400 Ma) AHXS 1, Hp Al 357 oo by A4 4
LA 5 % 3 JE I K Bt ) 244 (800~ 600 Ma) AH X
i (Anbar, 2008) . It AN, TOFR A8 FUAR B 45 57 IR 5 %
JBUAE T 52 A0 R 85 R R AR AL = 1 22 5 1 AU v
¥55% (Large et al., 2017) o

24 WFRSRIEMRE T2

KT 4 8 1 R IR A AE A TR AR, 46 A
KK 5 T HE 7K (Brown, 2014) , 28 SLTT AR ™ 46 =X
18 Sk Y A0 0 1l 2 (AN 21 2 38 R S 1 kL A 2 )
(Hitzman et al., 2005, Hitzman et al., 2010) DL Az 3t # #fF
FEIN R S U5 T8 &l 09 T R b 2 (BB B A A%
(Qiu et al., 2021; FRIE 7R %5, 2023) 45 . 76 VTR B B 4l
W b6 AR5 I I b SR T T I AR X A v A AT
B5MEERBEHER . T 2RI Ry
OB FE, 1N HR T A A AR 1) A VR 1 AN () O e,
8 o IR A M 19 & 4 8 2 X 7K (EI Desouky et al.,
2010)  H e I AR BT PO AR O DR A, 2021) | 38 5
4 11 55 £k B 3 1A (Johnson et al., 2012), DA K w5 ik &5 46
5 S A M AR S5 (Qiu et al., 2021) 5

DU DURR Y EE 0 PR A o 100 i 85 A 2445 B
#"(Unrug, 1988) . [A1 LA A (Cailteux et al., 2005) .
IR R (R R4, 2012a) 25, AR R, BEZ
JE A B T L R A5 AR RS BT R RN AL 2R 75 T R 4G AR
Wl R AR ST, ifE— 20 82 I DR U R — Ol &
ek | S TR AR S5 ) PR B B AR N TR AR T
AT — 22 W PR A I e i 1 AR e T AR A O R e
&, 20215 BRIEZN AR, 2023; £ R T4, 2023) . B AK
AR A R T OB LA R A A ) R A R
Y N T U, AR AR TR X A 1 A 1 3 k-
B AR AR DA K 5 I AR 8 T 0 3 3 R i
BT m S B UG k. PR, TORR AR BT AR A Al
W IR AT RO LU ES R AR 3 4B B WCo 199]
IR BB, ERUTRURE B B, & & Co TLE Ml %
R AT B RAAL B, Co TER BEA R K F,
TE I J5L 2 58 55t A0 1 2 55 A R DU B T, JE iiw) i



%3

ARIC RS A BRYUR—E OB AL B 0™ MR R O 7 B 7 0 AT 52 B9 7 185

U2 . @Co HYPFE LB B, T AR BT, 4
oAy 3 % Sl A, O R MR A s R R T A, AE
BT AR, WA w4 BB 1 A A — P e SR U0
VEIH . BCo B AR 5 AR B BL, m 5 T Y 4 1 B
THH & 07 U JZ Bth T B ER MR, 2858 1K [ A X
A KA IE A, B R AR U A R A A e AR R,
T i A A

L5 bRk, AR UUR-E PR B £ A A T
Al A IR (4 )8 HEIE, TR 4 25 22 A 5 R A P
o R S L T R B A A AR OR Bl 1A S L AT |
LS i P9 P 5 12 2 0 il A 5 1L o e BRUTAR-AE DT
PO BT 35 50 A AE oot AR T AR AR, i v 6 ) S A
Bl R B A e b ol BT AE AR, U ool R
ol AL B AR P AR S h . DU T
Uk Y A S S 2R T RN GRS SNE AR Sy 1)
AN B, b e R UUARE DU BRSBTS T ML,
B o B BT R P 4 LA

35 AL B R PR A
B9 13

3.1 FEACWLSEE BT FFE

TR AL LA X FE R T A B SR
TH(OLD AT A A T HOE S, RS
AR WA (DD RN | s T b 55, 8 1 5 SE il R
I (Ci) BY . IRA TN 55 FUR A I 4 (Coe) b
IR ESE, EARGE LY (Co) s | Je s M TUE S
(K3, K 4) . Hr, i EEEgGURYE 745 LIRS
ER ARG UM N R AG IS
F, LUREGREMTEE &, T ARG 15K IR
thoe . WA R, DG S, B TR
AWMU BRI AT R IR, FEONEA IR
LB AR 35 A7 0 TN Tk B TN K By 2 Bk (5 75 %2 4%,
2018) . BFFEIXIE— D25 E G X, XM i 3k

SNRED

e

NEE

Wia . SR s

APAHTTA

% |8 Hi| FEARE JELJE (m) HTE PURRAH T
iSeves GHARHE . ABE . BERE . | e
é i(éﬁg)ﬁ = 123952415 %@E%%‘ IE BETE. T 7(%2 /(;%I??E ilgl’ E:Z’;l;
B 2t e HRB A KA A y T

Zn

AV IS L AT L B

es)

N Cu, Fe, Co
A IJ-(\ By ﬁ%‘ IJ-I‘ Sz E/I\)ﬁ‘ (AN} $] 9
RE JEJ\RE *ﬁ/}jf(zﬁ Yﬁ‘?ﬁ\ ‘Eﬁ'#ﬂ*ﬁ

Qb §

R, WIS, T | e
SRR . AR . Cu. Fe. Au.
R e S N eE A ) &
SRRHRD B . TSR -
o MR, ek ey | AEEREE ) CuFe Co
A R MR 0 A 2 5 B T2
Wb, R REEARE . TR, | WBEE | cu

B3 TEILLUHSHTHARXMEERE
Fig. 3 Stratigraphic histogram of the Beishan cobalt metallogenic belt



186

2024 4F

|9
Cyt
S Cyt 19 Dyl
5Cic
{ £ A
Q
Cic 39
lkm L = £
ng:(::.F Nih
, BER iR rﬁ% SRR @R ARE [ ONE ERAR EmRMER
(ot o % B 7 g O o B o i D 5 (5 B 6 o O g %
EEEP AR R AL Y e @Ene ez P ) R ek

B4 TEILURESMREHEGREESES, 20211&%)

Fig. 4 Geological map

AL EW [0] 28 o W 240 1 2R PG ARG AT 22 %, P
LLEW A 80T BW [0 3, ZREBLL NW [, SN [ 4 &,
2 R W T R 3 o T2 . T AR 8 A [, B
AKX,

At 1Ly X2 7 B M AT 5 R R X A R L b T
B AR ARZHMIX 22—, BIAFEIILZ
SRR RS, 2010; X3R5, 2013; 3% & 5%,
2020; S, 2022) @8 a0 R (X5 4, 2010
Ak #E 4, 2012; 3077, 2014; 3% & 45, 2021; 2214
A, 20215 W w4, 2023) MG LA TR (525085,
2013a, 2013b; E W45, 2014; D545, 2022) 254" R
TR T 05T TAE . du il X A 85 R A G L Bkl
HUVER B e 2B 07, B0 (k) &0 7 &b, 46 K4 1
34k ZRBET 3 ARV 1AL (R4, 20145 5K 3%
EAE,2023) (Bl 4) o KHME A B IR 12 R A ) &
T (Cor), E SR AE e AE R . S a1k
R A SRS A S R G Ak, R
Yo RERRAS R R R Bk, R A B
WA N A AR B R, A Co iR
0.010%~0.107%, % B fA& 7 ¥ & 7 43 51 24 0.032%.
0.034% 1 0.061%. % 5T IF i 265.77 to KB FEH
LG AR . BB AR R TR S, TR T
ARGERTRINA(Clg) . RAVGH(Co) Jo BRI GEE
BN (DD o B A ZERA 48 B 1k W7 J2 U8 Ak 38 £
R AR SRR, 0 A0 ) T2 ARk

of Beishan region in Ningxia

HERT . Co dh 2 43 M 0.006%~0.047%. 0.006%~
0.047% 1 0.006%~0.047%, il illl % I & 4351 4 100 t.
50 t A1 1010 R 75 %45, 2013; T k-4, 2014), &
TR RS LA, AT A g R
=HBUZ W, Mn 7 1.03%~21.18%, Co & i 4
0.042%~0.149%. A0 Y FEZ T R .
FlA kR AREAL . B4k B B R FB 2 fh A il AE
ZAE IR A NKOR L REAR R, 2 W2 R
B RTE ) S i (7 B b BT A B, 2012) o

AR 7 Z AL A A TIRVIBUE R, 22K
UZAR . B BUIR ALE GOR 0 A0 4, otk L B LR
FVZE IR 09 5 8507 ), 5 G S I el s SRR, 48
N SyS RN AC TN b L Ay 7 e A K T i bl o VAN
JOAR % i L AR Ik . BT 5 AR Hh AR e % RSB R
Z Wi b HL VG G 1) 2S04 (B S), T Fe e M B 5 4 36 7
Bl Y A, BT R T SRR G [ 4R, 2009; fif
FESES, 2012; IR, 2017) o FEJCILHLIX, B 55
BT A RR TN &S IE, Q0TSRRI R
W AP v T B R G YR A T R R R 1) T SR 3 A6
(H 54, 2022)

e 3CRAE(2013b) FFJ T AL LA BT A B ke
TR A He, Ar RIS B BLERD™ S ML RMFSE . I
PR AL ZEIA He R Ar W) 22 REAE 46 7R 00 i 14 ok U T
DUR B 2K RS IK, S R 245 78 3 AL A (0 B R
BT AR VURM)Z . Co W MY FORIET A% AR,



ARIC RS A BRYUR—E OB AL B 0™ MR R O 7 B 7 0 AT 52 B9 7 187

%3
»
S
Rl A
5P
IR
; ny
W MR B o
wi | KR
HE 2
0 150km =~ Wby
[— ° i}ly‘l—'ﬁ

Es HIRRXHEMCERGBERERSE, 2017;
OHEZ, 2018 18%)

Fig. 5 Tectonic location map of the study area

AR IR (R, 20134, 2013b) .

25 ik, g5 A XIS R | Al AR IR A AT Co
SR A RRAE SR HT, J6 AL B AR Y B R T 1o
R, A P e R I B DR T RO Y Co B,
Wi J b K VR 25 R BT S 65 98 R R AL, AR T
ARG TR . W& Co LR B K K751 B it 72
PSR BFEKIRA, BT E &R0k, 75 E
I B 1 25 1) | 4 T (52 SC A, 2013b) . I, T
BT Al DRI 1 A B R A . A B R AR
B e FHR AT bR R (R SRR, 20132, 2013b; 1
U5, 2014) .

32 TFEILALUSGTEHFRAH R E@

REAAEDG LU T J T 60 Hb o R AR (5 0745,
2014) . Co 5 43 i B (5 SCHAE, 2013a; D3 4
2022) . Co MYMAAIRAS (5K % 5 45, 2023) A1 Co 54 1Y
Wy A PR (5 S, 2013b) ZE/F S8 TAE . SR, R T
AR 4 BR TR AR DU B B 10 - B, ZE N
T B b DX RIS N AE AR L T R i — 2B T

H AT OCF T 2 b i miow i A8 i A DG 98 T
VE M AT J o TR -8 B — I I 28 o el 1 47 AR 2 4%
Al Lam 3 DA R LR 7 S0 ST o DR b 2 (9 4R e ]
DL3E o TF R WA A 2 ) K LA e S A U-Pb 4R AR
AT AR KBk e 2, o] A T R R S
U-Pb AEAR 22 43 BT, DA dse /N AR i 249 5L 5 B A ( Sainti-
lan et al., 2017) . 2R & @B KB 1R A 78 SO
B3R 7 1 R B ALY Re-Os [A] i & 5E 4F 1 (Stein,
2014) . Horp, EHI FHEH T Re-Os [F 17 e 445
127 T ARAS A5 PR AR 4F % (B LS2 55 1996; 7k 7%
45, 2013; Qiuetal., 2016) . R Z & B HAE+FE
FEWFFE X 2 BB HI BT, v] IF R B4 Re-Os [Al 13 &
L AR TR BORE LA L IR R A R

A5 SEE IR AT SR ) U-Pb 45 4 mT B 2 B 4 5 fk 4
#%(Qiu et al., 2021; Wang et al., 2022) , R ) 4E
PEEEIE, £55 73 B 40 W el 4 ™ 2 O AR B B i 1
7 ST A B B, e 2 T A LIRS T R I OB AR -
AR AR 2 . AU Al 07 RIGKT H )2 R 1 e 3R 3
H (R ICB A, 2013b), 5 5 LAY i) oo AR TR
DU B0 PR AR [R] . PRk, T b 1l a6
PR 5 4 TR R b J5 S 4 1) 5 2R T 5 (0 ik IV Al
(10 5% & 2L DL R i vty A= RO UK 25 ), o Oy A skl
WA AR Y R

DURRAE GURR AL L ™ 5 0 b )23 %) b 3R b = ARR A
Py 5 P AL 3 S5 T TR D UG R R A
AR, SR T B AC LR B AR T RO
TR WA A O A LR R
& DX BT e, B oz Kosos 1 S Hsar
A B K5 W (Johnsson, 1993) 4k {45 15 0 H1 A% 43
7 S 5 AT LA 53 i) B e XA AR R R A B 85 R AR
RIS B (Cox et al., 1995; 7K KA 45, 2018) .
55 ) 5 i JC R (40 REE. Sc. Zr il Th %) JLF- A%
75 5T B A AR RS2 i), 72 I8 FNTTCAR A I v i) & 1 4
T, HHRAE /R A B PE (Cox et al,, 1995) o BEJH £ 11
{62 (U La, Zr, Sc. Ti Ml Th %5) 7% sh k4522, £
B2 FLUR A LA R ), W] LR ok iR AT R A 5 ) )
(McLennan et al., 1993), B, 767 2 &7 IR (f4)
WA J22 6 T JE A 27 R S it o 3% Rk 2 20 A, R
W A 5 A R A 3 PR, S e s L T A
PR

B A b 57 A0 08 O S, OB 32 48 AL A 2
> IR b J5T 5 U 1) e ARG R (] K B A5, 20215 5K A
FAF,2023) 0 LABLER2E 2y JE A B0 FOI AR R A 1
7N AR A TR A A A A LI (] K B A, 20175 gk R
AN, 2021) 0 R, CFEL L X e DT 3 T AL
T A S TR 5, R R DR AR
RS FIEE ST . QAR A R R Y 1 ~7 (An b il A
J2 R ATk R R R AR B ) . @ F
BB ST, FEEITEA A ) oA =S [lAd (R 5 B
18 58 AR X5 25 (Zhang et al., 2016) . @15 B4 &
5, SR T B BB S ) B AL BEFLAR AR
PR Rt TRIE ) B IE | AR DU 2
(EIEAE AL ) S LR > J7 vk (IR IR 48, 2021) . BFF
JRANTR) J5 1k 1) T 1 5 AR S50 455 SR ¥ AN S PR A
@ 2 WA I 5 R L X, 38 7 b g T I F



188 o4t o# R

NORTHWESTERN GEOLOGY

2024 4F

JEEASCHE BIR By B Bl A T, Ay T i S R B R
BEURURE i PO S R T5 5 R AR A R ST AR

4 Z5i

(DPIRE TR RLEE 6™ T 2 A A AE P &t b
YN VUER . D AL B AL B0 2R 38, A5 AR IR () —
IO 5% [ iRy | oF 22 B K HE FURLAT AR [ A
A F AT BB AR, DOT R & F .

(2) 7 BAC I X B AT BF 5T 5 2T E T AR AL
R M S R O AR MR M BR AL S AR
W5 A B G U R T S RS 9K s A T S
SEJTH

Bift: BRI FERL THSEAENRAEARE
N, BMABEARFERGRF it LEMETA P
R .

2 % Lk (References) :

Ly TEITACLE YT &8 AR BTG HUBR A 2 05 (D).
P22 PR, 2014

AI Ning. Studies on the geochemical and geological characteristics of
Weiningbeishan Jingchangzi gold deposit [D]. Xi'an: North-
wester University, 2014.

B B 2 AR R R ST R 5 ISR (4 )Luiswishi 57 45 57 R i
BRI ELAESE (D). B UL TR, 2021,

ZHEN Ruiyin. Comparative Study on Mineralization between Yin-
min Copper Deposit in Yunnan Dongchuan and Luiswishi Cop-
per-cobalt Deposit in Democratic Republic of the Congo[D].
Kunming: Kunming University of Science and Technology,
2021.

WRAR 3C, B, I 7 40 6 R B R AF 5 0], 4 4 2 A M sk A
243412, 2001, 20(1): 42-44.

CHENG Genwen, XIA Bin. Study on the Genesis of Lala Copper
Deposit ,Sichuan Province[J]. Bulletin of Mineralogy Petro-
logy and Geochemisty, 2001, 20(1): 42—44.

W24, A%, 3/, 55 B (46)KIMPE 5 85 4 PR b BT ¢
fiE K AR o M L), A @ 4 T8 (0 1 AR 43 ), 2012a, 64(5):
43-48.

CHENG Xinghai, HE Zhijun, DONG Shaobo, et al. Geological char-
acteristics and genesis analysis of KIMPE copper-cobalt depos-
it in D. R. Congo[J]. Nonferrous Metals (Mining Section),
2012a, 64(5): 43-48.

Wroig, X 2L, 4 #%, 5. MR (&)SICOMINES i & 5 F 3 5t

AL ROR RR DT (7). B g )8 (@ 13 43), 2012b, 64(6):
31-37.

CHEN Xinghai, LIU Yunji, YANG Yan, et al. Geological character-
istics and genesis analysis of SICOMINES copper-cobalt depos-
it in D. R. Congo[J]. Nonferrous Metals (Mining Section),
2012b, 64(6): 31-37.

T 2 R B P X 4 2 B R AT R T S
KA J10F5E [D]. db st A E LR 24 (b s), 2003.
DONG Fangliu. Study on metallogenic condition and potentiality of
copper-gold-polymetallic deposits in Weishan-Yongping miner-
alization district, Yunnan[D]. Beijing: China University of

Geosciences (Beijing), 2003.

OB T MRORE B B0 4 PR B T 3R IR AL 22 A A PR 1
(70, 54 5%, 2001, 20(1): 30-33.

DONG Yaosong. Cobalt element geochemical characteristics of da-
henglu cobalt-copper ore deposit in Jilin province and its genet-
ics[J]. World Geology, 2001, 20(1): 30-33.

FEORIE, SRR T, 254045, 55 1 m A TR Ak Al ) DA B B HG
WA 3], AP E 5T, 2012a, 39(1): 170-182.

DU Baofeng, WEI Junhao, LI Yanjun, et al. Ore genesis and metallo-
genic model of the Shilu Fe-Co-Cu deposit in Hainan
Province [J]. Geology in China, 2012a, 39(1): 170-182.

KO, BRI, 4 SO, 55 10 R O RREREN I (&) 0T R S E N
5 TOCG BRI PR (4 %F LEAITZE (U], 5 5 9, 2012b, 48(2):
332-343.

DU Baofeng, WEI Junhao, SHI Wenjie, et al. Comparisons between
the Shilu Fe-Co-Cu(-Au) deposit in Hainan province and other
1I0CG-Type deposits at home and abroad[J]. Geology and Ex-
ploration, 2012b, 48(2): 332—-343.

T, AEA, WRAE A, S T IESE O AL () IR 4 BT
R R Y B A SR A [ 02 R B (T B B2 4R, 20064,
80(9): 1465-1473.

FENG Chengyou, YU Hongquan, ZHANG Dequan, et al. Sulfur and
lead isotope tracing for sources of ore-forming material in the
Tuolugou cobalt (Gold) deposit, Golmud city, Qinghai province,
China[J]. Acta Geology Sinica, 2006a, 80(9): 1465—1473.

FA, TRAE A, FEGEE . vb A B IR BT A R T OL [T
PR, 2004, 23(1): 93-100.

FENG Chengyou, ZHANG Dequan, DANG Xingyan. Cobalt Re-
sources of China and Their Exploitation and Utilization[J].
Mineral Deposist, 2004, 23(1): 93—100.

FA, A4, SEXLE, AR R A X BE B A B ()
PRA BN A A 45 SHRIMP U-Pb 54— “Hik &
e AR 24 [V 3 BGE 4, 2005, 24(6): 501-505.

FENG Chengyou, ZHANG Dequan, DANG Xingyan, et al. SHRIMP
zircon U-Pb dating of quartz albitite from theTuolugou cobalt
(gold) deposit, Golmud, Qinghai, China: Constraints on the age
of the Nalj Tal Group[J]. Geological Bulletin of Clina, 2005,
24(6): 501-505.

Tk, RS, JE SR, 55 T AR R AR BT H 18 188 il LR AL A
(&) BRI B ERH™ Re-Os JE 4F [J]. b 244, 2006b, 80(4):


https://doi.org/10.3969/j.issn.1004-5589.2001.01.006
https://doi.org/10.3969/j.issn.1004-5589.2001.01.006
https://doi.org/10.3969/j.issn.0258-7106.2004.01.011
https://doi.org/10.3969/j.issn.0258-7106.2004.01.011
https://doi.org/10.3969/j.issn.0258-7106.2004.01.011

5534 MRSCHESE: 4 BRUTTRR -2 1L

FRAUE AT MU B T B $ A AT 52 B4 7 189

571-576.

FENG Chengyou, ZHANG Dequan, QU Wenjun, et al. Re-Os isotop-
ic dating of pyrite in the Tuolugou SEDEX cobalt (Gold) depos-
it, Golmud, Qinghai province[J]. Acta Geologica Sinica, 2006b,
80(4): 571-576.

$bk/x RS, R4, SF. T IR EOA AT (&) 0T RTE

T PR R AR R L (0], T R Hb BT, 2006¢, 25(5):
544-561.

FENG Chengyou, ZHANG Dequan, YU Quanhong, et al. Tectonic
setting and metallogenic mechanism of Tuolugou cobalt
(gold)deposit Qinghai Province[J]. Mineral Deposits, 2006c,
25(5): 544-561.

s, £, 24, 4. 2 RE RN 2
(7). SRR EE i 1, 2024, 43(1): 1-22.

FU Hao, WANG lJiasheng, LI Jinglong, et al. Spatio-temporal distri-

= oA K P 26

bution and genesis types of global cobalt resources[J]. Bulletin
of Geological Science and Technology, 2024, 43(1): 1-22.

FEORHE . S8 7G L 52 LB B DR M B RRAE SRR BT ). 7 5
Jit, 1998, 12(2): 35-37

FU Taijie. Geological Features and Genesis of The Cobalt Deposit of
Wubaoshan in Western Jiangxi[J]. Mineral Resources and Geo-
logy, 1998, 12(2): 35-37.

TR, TEBH, AT, S WIZR (8) SR B . TS Rb-
Sr I 4 B H: DX i 2 S (D], #l 5T % 4, 2021, 95(4):
1029-1049.

GAO Bangfei, SHEN Yang, ZHON Changting, et al. Rb-Sr dating of
the black shale and its significance for regional metallogenesis,
Luishia Cu Co deposit, D R Congo[J]. Acta Geologica Sinica,
2021, 95(4): 1029-1049.

Sfde, ATk, IMER, S5 BE LAY (UT) A RV R AR R B H
D). M S AR, 2018, 54(3): 634-644.

GUO lJian, NIU Sida, SUN He, et al. Mineralization age of the sedi-
ment-hosted stratiform copper deposits in Zambia and its im-
plications for deposit genesis[J]. Geology and Exploration,
2018, 54(3): 634—644.

FSCT, XA R T bR KM A | TR b R AR R R
] diSER BRI R, 2002, 25(3-4): 206-213.

GUO Wenxiu, LIU Jianmin. The Geologic Features of Dahenglu Cu,
Co Deposit and Ore-Controling Factors in Jinlin Province
China[J]. Progress in Precambrlan Research, 2002, 25(3-4):
206-213.

HER, U,
P& S [Cl.
2019: 415-416.

B XL, W, S T E BT ALl & F 20 R Ak
TR R R o R L E PR C-H-O [l 37 3R 4 [J].
HERFLAE, 2021, 46(12) : 4274-4290.

HAI Lianfu, LIU Anlu, TAO Rui, et al. Source of Fluid and Genesis

AERBIL. 23 B AR VAR A 3 A R AR e B
U E AR IIE 5 R T kAT

of Jinchangzi Gold Deposit in Weiningbeishan, Ningxia: Evid-

ence from Fluid Inclusions and C-H-O Isotopes[J]. Earth Sci-
ence, 2021, 46(12): 4274-4290.

s, X &R, g, . T H T T2 &R0 K R
AESHm 5 1 (1], W RE B4R (B 8B ), 2020,
35(1):30-39.

HAI Lianfu, LIU Jinke, LI Haifeng, et al. Geological Characteristics
and Prospecting Directing of Weiningbeishan Polymetallic De-
posit, Ningxia[J]. Journal of Hunan University of Science &
Technology (Natural Science Edition), 2020, 35(1): 30-39.

MR, B g, RIAS, 5F. TR DT AL K &8 T &0 Xk
E‘i‘f‘:ﬂﬁﬁﬂ)‘i‘ﬁﬂﬂ (0], Mo BT RHBE 4, 2023, 42(2): 19-32.

HAI Lianfu, TAO Rui, ZHANG Xiaojun, et al. Prospecting model
and metallogenic prediction of the Jinchangzi gold deposit in the
Weiningbeishan area. Ningxial[J]. Bulletin of Geolagical Sci-
ence and Technology, 2023, 42(2): 19-32.

B, PRI2, A At OC BT P I SR S R 2w
[J]. Bl2#3m 4z, 2020, 65(33): 3651-3652

HOU Zenggian, CHEN Jun, ZHAI Mingguo. Current status and fron-
tiers of research on critical mineral resources[J].Chinese Sci-
ence Bulletin, 2020, 65(33): 3651-3652.

L, MR, RIE T, 5 ARAE G AR ) R BT AR A
55— §H 0 Bk -k AF i e L H BT 38 SC D). w7 R M o,
1996, 15(4): 78-81+83-86.

HUANG Dianhao, DU Andao, WU Chengyu, et al. Metallochrono-
logy of Molybdenum (-Copper) Deposits in the North China
Platform: Re-Os Age of Molybdenitf And its Geological Signi-
ficance [J]. Mineral Deposits, 1996, 15(4): 78—81+83—86.

D R, VP, A R R TR I Z R E T S W 4
HLBE: 32 BERE A 0] A R R AT ST 5 1] (0], v R 27 ik 4
2019, 33(2): 112-118.

JIANG Shaoyong, WEN Hanjie, XU Cheng, et al. Earth sphere cyc-
ling and enrichment mechanism of critical metals: major
scicntific issues for future research[J]. Bulletin of National Nat-
ural Science Foundation of China, 2019, 33(2): 112—118.

WA, sk &2, XKAR, 55, 5 140 VA BE 0T R b RS AT B 3%
R ], 7 4, 2019, 10(1): 57-64.

KUI Mingjuan, ZHANG Aikui, LIU Yongle, et al. The geological
characteristics and prospecting mode of Tuolugou cobalt depos-
it, Qinghai[J]. Mineral Exploration, 2019, 10(1): 57-64.

AUFUE, R KUBL, X R, . TEEY TR0 RCHET F R
oy B K g w J5 i L), BR s SOR 5 TR, 2021, 21(21):
8770-8778.

LI Haifeng, ZHAO Fengshun, LIU Jinke, et al. Analysis of Ore-con-
trolling Factors and Prospecting Direction of Jinchangzi Gold
Deposit in Ningxia[J]. Science Technology and Engineering,
2021,21(21): 8770-8778.

FIER, W, HIEE. FigAR R CIBAE (&) 7R
AE———Fh B0 B Y 5 5 8 JOlE A R () 5K [T,
WA MR AL 2T 4R, 2000, 19(4): 321-322.


https://doi.org/10.3969/j.issn.0001-5717.2021.04.007
https://doi.org/10.3969/j.issn.0001-5717.2021.04.007
https://doi.org/10.3969/j.issn.0495-5331.2018.03.019
https://doi.org/10.3969/j.issn.0495-5331.2018.03.019
https://doi.org/10.3321/j.issn.1000-2383.2021.12.dqkx202112005
https://doi.org/10.3321/j.issn.1000-2383.2021.12.dqkx202112005
https://doi.org/10.3321/j.issn.1000-2383.2021.12.dqkx202112005
https://doi.org/10.3321/j.issn.1000-2383.2021.12.dqkx202112005
https://doi.org/10.3969/j.issn.1671-1815.2021.21.007
https://doi.org/10.3969/j.issn.1671-1815.2021.21.007

190 o4t o# R

NORTHWESTERN GEOLOGY

2024 4F

FER, Wi, IERE, & 8RR CHMIEE (&) 07K
B RF AE B B R LT). H BT 5 i R, 2001, 37(2):
60—64+95.

LI Houmin, SHEN Yuanchao, HU Zhengguo. et al. Geological and
Geochemical Features and Genesis of Guocheng Gold Deposit
in Halyang County Shandong Province[J]. Geology and Pro-
specting, 2001, 37(2): 60—64-+95.

AR, SRS, A, AF L TG 4 75 AL AR A S Dk Y 4 Tl R
fE5 AL 24T 0], 877 5 U5, 2018, 32(1): 67-73.

LI Shehong, LI Yangyang, YAN Song, et al. Geological characterist-
ics and genetic analysis of quartz-vein-type copper deposit in
North Jinxiu of Guangxi[J]. Mienral Resources and Geology,
2018, 32(1): 67-73.

2208 WL (4:)KIMPE 46 8 PR b B2 48 AE BB R [D].
e AR EE TR 2, 2017

LI Xianfu. Discussion on geological characteristics and genesis of
KIMPE copper-cobalt deposit in D. R. Congo[D]. Chengdu:
Chengdu University of Technology, 2017.

ZETHT, 2R, BB A, . NER (8 HEIRAR R BT R B
fiE K B AT (0] b S B4R, 2010, 46(1): 175-182.

LI Xiangqian, JIANG Yuping, ZHAO Xiyan, et al. Geology and
Genesis of Kansuki Copper-cobalt Deposit in Katanga Province,
D-R-Congo[J]. Geology and Exploration, 2010, 46(1):
175-182.

AR, BEOC, FEHE . PAERR (8) IR o R
PR RAFAE (7). 7 R 5T, 2009, 28(3): 366-380.

LI Xianggian, MAO Jingwen, YAN Yanling, et al. Regional geology
and characteristics of ore deposits in Katangan copper-cobalt
belt within Congo (Kinshasa) Central AfricalJ]. Mineral De-
posits, 2009, 28(3): 366—380.

AR WIS R R [ v A B AR B L O] LR
FIA, 2012, (1): 64-68.

LI Changgen. The DRC tenke fugurume copper and cobalt mine[J].
Multipurpose Utilization of Mineral Resources, 2012, (1):
64—68.

XA, 4R, =2, 55 b ARG b R AL 24 3 R AE L R
R AR e 55 X T LT). M ER B, 2022, 47(8): 2781-2794.

LIU Dongsheng, WANG Xueqiu, NIE Lanshi, et al. Cobalt geochem-
ical anomalies characteristics and genesis in China and metallo-
genic prospecting areas prediction[J]. Earth Science, 2022,
47(8):2781-2794.

XL WIS (4 )KOLWEZI i 4 5 R 3 5t 47 Ak X i B 434 (7]
Hi T SR, 2018, 54(4): 856-866.

LIU Hongwei. Geological characteristics and genesis of the Kolwezi
Cu-Co deposit in democratic republic of Congo[J]. Geology
and Exploration, 2018, 54(4): 856—866.

XFEHR. 1L AR R MR BT 7= BT IRARAE 5 9 13740 (D). KB 3
R, 2008.

LIU Peidong. Evaluation on Cu and Co mineral resourcecharacterist-

ic and potential of Liaodong rift(D]. Changchun: Jilin Uni-
versity, 2008.

XN mR S T3] R E AR b JBRRE Ko B 3 (1.
ZRHLIT, 2012, 31(3): 348-350+296.

LIU Xiaopin. A probe into the gensis and geologic feature of
Laochang earthy oxidized Cobalt deposit in Yimen, Yunan[J].
Yunnan Geology, 2012, 31(3): 348—350+296.

X5, Bk, FEM. T E T T AL &5 7 N KB A A kb B

WHE A SHRIMP 45 47 U-Pb 4F§# [J]. H B M5, 2010, 37(6):
1575-1583.

LIU Yong, LI Yandong, WANG Yanbin, et al. Geological character-
istics and zircon SHRIMP U-Pb data of Jinchangzi dioritic por-
phyrite dykes in Zhongwei City, Ningxia[J]. Geology in China,
2010,37(6): 1575-1583.

X PR ¥ T A Bk Bl R A DA A () 32 38 BF 5 AT PR R 3 3
Lo]. v [ S 50 Bk 27 e 7 R i BT 72 T 23 1), 1981, 2(1):
51-65.

XER FET AL, . B2 R0 R # BURE (D]
JCH: AR IR TR, 2013,

LIU Zhijian. Metallogenic characteristics of Weiningbeishan Au-Pb-
Ag polymetallic deposit in Ningxia Province[D]. Chengdu:
Chengdu University of Technology, 2013.

X, A, EFEA, & TRB T RRETRET RN H
BRI L], #5234 T, 2013, 37(4) : 642-646.

LIU Zhijian, HOU Mingcai, WANG Zejing, et al. Metallogenic geo-
logical characteristics of Chaliangzi Fe-Co deposit in Zhongn-
ing in Ningxia[J]. Journal of Geology, 2013, 37(4): 642-646.

PR, R, PNEIL, SF . R A R IR AL O 5 B IER) TR 00 20 A
(7). MR 2 SRS, 2020, 43(1): 72-80.

LU Yiguan, HAO Bo, SUN Kai, et al. General situation of cobalt re-
source and its utilization analysis[J]. Geological Survey and
Research, 2020, 43(1): 72—80.

JEEGE, TR, IhIL, A PR DL T e LA B B R
B A7 RS S SO B A D). 3 AR T 2%, 2021, 28(3):
338-354.

LU Yiguan, XU Jiarun, SUN Kai, et al. Cobalt occurrence and ore-
forming process in the Chambishi deposit in the Zambian Cop-
perbelt, Central Africal[J]. Earth Science Frontiers, 2021, 28(3):
338-354.

Loy, S 30 7B T T A L RS 18 G S R oA R AR K R
Jrm e ). TR TR, 2022, 21(3): 279-283+288.

MA Ruiyun, WU Wenzhon. Remote Sensing Image Interpretation
and Geothermal Resources Forecasting on the North of Zhong-
wei Industrial Park[J]. Ningxia Engineering Technology, 2022,
21(3):279-283+288.

BEE, WE S, BEE, % BTl 2 880 1 & A AH B
A5 Hewm Ot e 0], A EE L, 2018, 27(S2): 91-95.

MA Xiujun, HAI Lianfu, MU Caixia, et al. Study of the tectono-

lithofacies mineralization regularities andprospecting of the mo-


https://doi.org/10.3969/j.issn.0258-7106.2009.03.012
https://doi.org/10.3969/j.issn.0258-7106.2009.03.012
https://doi.org/10.3969/j.issn.0258-7106.2009.03.012
https://doi.org/10.3969/j.issn.0258-7106.2009.03.012
https://doi.org/10.3969/j.issn.1000-6532.2012.01.018
https://doi.org/10.3969/j.issn.1000-6532.2012.01.018
https://doi.org/10.3969/j.issn.1000-6532.2012.01.018
https://doi.org/10.3969/j.issn.0495-5331.2018.04.019
https://doi.org/10.3969/j.issn.0495-5331.2018.04.019
https://doi.org/10.3969/j.issn.0495-5331.2018.04.019
https://doi.org/10.3969/j.issn.1671-7244.2022.03.015
https://doi.org/10.3969/j.issn.1671-7244.2022.03.015

5534

ARIC RS A BRYUR—E OB AL B 0™ MR R O 7 B 7 0 AT 52 B9 7 191

lymetallic deposit in Weiningbeishan[J]. China Mining
Magazine, 2018, 27(S2): 91-95.

BRI, BIA, W, & 20 D Lok b E A RS 3k
O B £ 5 R (7], 67 RHLJE, 2019, 38(4): 935-969.

MAO Jingwen, YUAN Shunda, XIE Guiqing, et al. New advances on
metallogenic studies and exploration on critical minerals of
China in 21st century[J]. Mineral Deposits, 2019, 38(4):
935-969.

ARG JUR MR [M]. Jbat: QTR AL, 1999.

THEMFAAR. TE LTI X £ 4 8 A [R]T
KM R A B, 2012.

I, Rk, 25 A B 75 i 4 40 =2 B WA - A5 0 i R B
SRR D). 07 515, 2006, 20(4-5) : 434-436.

PAN Tong, CHENG Keqiang, LI Yuelong. Discovery of Dulenggou
copper and cobalt deposit in Dulan county, Qinghai province
and its inspiration[J]. Mineral Resources and Geology, 2006,
20(4-5): 434-436.

W, gl et s, ARG 5 HET e S AM 5l 2 i i 4
R AR D). A E HL B, 2001, 28(2): 17-20.

PELTWr. L7 b 25 1w AV L MR T R A s SR A e
PRICA R [D]. KA 5 AOR#, 2010.

PANG Xuejiao. Study on the enrichment regularities and the ore ge-
netic rules of Nanhegou and Laobaotan copper deposits in
Zhongtiao mountains, Shanxi province[D]. Changchun: Jilin
University, 2010.

ERIEAS, Y62 H, A HE, . Al Tl RUTBVE A0 B4R
BB OR R R K E AR R (T]. A A A i, 2023, 39(4):
1019-1029.

QIU Zhengjie, FAN Hongrui, YANG Kuifeng, et al. Cohbalt sourees
and enrichment processes of the Palcoproterezoic sediment-
aryrock-hosted Ca-Co deposits in the Zhongtiao Mountains[J].
Acta Petrologice Sinica, 2023, 39(4): 1019-1029.

TR, BRSNS, T, 45 R Il B PR DR 3R R e
b (7], & bR 5T, 2005, 24(4): 26-31.

RENG Qiwu, XUE Jianbo, WANG Limei, et al. The ore-control
factor and criteria for ore prospecting of the Dahenglu Co, Cu
deposit[J]. Jilin Geology, 2005, 24(4): 26-31.

S S, B, L0, AR 7R B G T S B VA B T R B
YAk R e 1% 7. PE L, 2019, 52(1): 176-182.

SHI Lianchang, ZHAO Mingfu, WANG Wen, et al. Geological, geo-
physical, geochemical and remote sensing characteristics of the
Tuolugou cobalt-gold deposit in east Kunlun metallogenic
belt[J]. Northwestern Geology, 2019, 52(1): 176—182.

EPAN 22, 250, BRAR. 7R BBV T S A 0 IR 22 30 L AR AIE B
A AR ] PAL B, 2015, 48(1): 137144,

SHU Shulan, LI Bin, CHEN Lin. Discussion on Metallogenic Char-
acteristics and Multi-stage Mineralization Process of Du-
lenggou Copper—cobalt Deposit in East Kunlun. Qinghai
Province [J]. Northwestern Geology, 2015, 48(1): 137—144.

FARUAE, B, % BR. L T DR B 40 ™ X35 o R R T2
Ji A P B K 0 AR B T R A R AE (0] 3 AR L BT, 2000,
19(3): 55-60.

SONG Quanheng, WEI Fa, LUO Chen. The primary rock nature of
the Dalizi formation of ore-bearing rock series in the Dahenglu
Cu-Co mining area, Baishan area, Jilin province and its sedi-
mentary environmental geochemical characteristics[J]. Jilin
Geology, 2000, 19(3): 55-60.

R, RSB IR R 505 80" 15 5T D). ik
PA: ZRAERA, 2011

SONG Jianchao. Minerogenetic series and ore-forming processes of
metal deposits in the Liaodong rift[D]. Shenyang: Northeastern
University, 2011.

R, R, B, &N RE DTl SR E R
T ). 14 5 4R, 2010, 34(3): 289-293.

SONG Xinhua, YIN Bingxi, YAN Hong, et al. The relationship
between The Aeromagneticweak anomalies and The Polymetail-
licoredeposits(Orespots) in The beishanmounta in Weining[J].
Geophysical and Geochemical Exploration, 2010, 34(3):
289-293.

TRASH), H IR, HEAR T, S5 AR T AL AR T ) A R R BIE S
J: i (1], A4, 20238, 39(4): 963-967.

SUN Benxun, JIANG Shaoyong, CUI Mengmeng, et al. Progress in
mineralization and prospecting technology of cobalt and nikel:
Preface[J]. Acta Petrologica Sinica, 2023a, 39(4): 963—967.

A, ZR VR, B, A5 TR E A E R A LR L Bl
()R, 380 A AR O 05 W 9 R B LU 45 A 2 4T, 2023,
39(4): 968—980

SUN Benxun, QIN Kezhang, JIANG Shaoyong, et al. Mineralization
regularity, scientiific issues, prospecting technology and re-
search prospect of Co-Ni deposits in China[J]. Acta Petrolo-
gica Sinica, 2023b, 39(4): 968—980.

INEA, B, EZEF, S5, haARImPH -8 LU 2 4 O A
Wi b B F W 7 43 B (T 4 5 ) 55 4, 2019, 38(1):
121-131.

SUN Hongwei, WANG Jie, REN Junping, et al. Metallogenic evolu-
tion and prospecting potencial of Katanga-Zambia polymetallic
metallogenic belt in central AfricalJ]. Geological Science and
Technology Information, 2019, 38(1): 121-131.

DML, TRAL, R, A P AR T i BUR AR S R S
SAHTLID. R E B, 2022, 49(1): 103-120.

SUN Kai, ZHANG Hang, LU Yiguan, et al. Analysis on geological
characteristics and prospecting potencial of the Central African
Cu-Co metallogenic belt[J]. Geology in China, 2022, 49(1):
103-120.

R, E AW, VR, S5 I SEIVA L IR (8) 0T R IR b
JESEET I ERHE (1], PEHEHbT, 2004, 37(1): 86-96.

TANG Jian, WANG Faming, XU Hongying, et al. Characteristic of

ore-hosted strata ore-controlling structure of Co-Au mineral de-


https://doi.org/10.18654/1000-0569/2023.04.05
https://doi.org/10.18654/1000-0569/2023.04.05
https://doi.org/10.3969/j.issn.1001-2427.2000.03.007
https://doi.org/10.3969/j.issn.1001-2427.2000.03.007
https://doi.org/10.3969/j.issn.1001-2427.2000.03.007
https://doi.org/10.18654/1000-0569/2023.04.01
https://doi.org/10.18654/1000-0569/2023.04.01

192 o4t o# R

NORTHWESTERN GEOLOGY

2024 4F

posit in Tuolugou area, Qinhai[J]. Northwestern Geology, 2004,
37(1): 86-96.

M, A5, B, 45 35 bRAs ORIl AR 0 DR 3t BRI K
B AR IR I (1], PEE BT, 2017, 50(2): 167-177.

TIAN Feng, WANG Keyong, LIANG Yiming, et al. Characteristic of
hydrothermal superimposed mineralization and source of Ore-
forming fliuids in the Dahenglu Co-Cu deposit[J]. Northwest-
ern Geology, 2017, 50(2): 167-177.

T3 AL, SR AT T AR TR BB R AT PR R A L0 T
S, 1999, 18(1): 22-25.

WAN Congli, LIU Rongfang. A preliminary analysis of the metallo-
genic conditions of Dahenglu Co-Cu deposit in Jilin
province[J]. World Geology, 1999, 18(1): 22-25.

FEUCE, RERE, EX4. Tl XA 5 R AE b e n™ i
S E PR, 2014, 13(4): 24-26.

FWME, F A, TR A R R IR AR e ) A B T R (0]
PR HL BT, 2019, 38(4): 739-750.

WANG Hui, FENG Chengyou, ZHANG Mingyu. Characteristics and
exploration and research progress of global cobalt deposits[J].
Mineral Deposits, 2019, 38(4): 739-750.

LT, AR, ARG 5T, S MR R B R B A I TR
708 Jo A VG - EAR A P Aol i R X 4 ) AR S 0 i
I 29 [T]. A7 4R, 2023, 39(4): 998-1018.

WANG Huining, LIU Fulai, ZHU Zhiyong, et al. Complex evolution
of the sedimentation, metamorphism-deformation annd hydro-
thermal processes and their constraints on the occurrence, en-
richment and mineralization of Co in the Dahenglu Cu-Co de-
posit, Jilin Province[J]. Acta Petrologica Sinica, 2023, 39(4):
998-1018.

LR SRR AR A PR K BT IR A S (0] AR L
B, 2018, (3): 18-19.

ERA, BV, WIS, 45 KR (&) IHnE SRR AR S,
C. O. Sr[A] {3 28 45 At S & PR 8 9 (U], #2717 2%, 2021,
28(6): 318-330.

WANG Wuming, SHENG Tao, WANG Lijuan, et al. Characteristics
of S. C. O and Sr isotopes and genesis of the Luiswishi Cu-Co
deposit in Katanga. Democratic Repubilc of Gongo[J]. Earth
Science Frontiers, 2021, 28(6): 318—330.

LA, 2 SCUN, MR I, S5 G )1 R B AR BT R B R AR
B EELEIF ], WAL T, 2023, 56(2): 133-150.

WANG Yalei, LI Wenyuan, LIN Yanhai, et al. Study on the Occur-
rence State and Enrichment Process of Cobalt in Jinchuan Giant
Magmatic Ni—Cu Sulfide Deposit[J]. Northwestern Geology,
2023, 56(2): 133-150.

ERE S, B, XEE R T E T A b X ER A 21 5 R S
ARG R MBTFE 1), vh [ G Ja il 41, 2022, 9: 50-52.
FHESE, EFH, 5 R, &5, 35 ARE LT M B% Cu-Co 07 R AZ
B AR RRAE [T]. 75 AR 222 4R (M 3R 2 i), 2002,

32(2): 128-133

WEI Yanguang, WANG Keyong, YANG Yan, et al. The feature of
metamorphic minerogenetic fluid of Dahenglu Cu-Co deposit in
Baishan County, Jilin Province[J]. Journal of Jilin University
(Earth Science Edition), 2002, 32(2): 128—133.

F I, T, AL, ST BT AL R R A A R R
FERALE I]. h E P ER R, 20132, 12(5): 26-28.

RO, W7, BLL T E LTI AL R i BRI
(7). K3 T RA=2 4, 2013b, 44(4): 485-489.

WU Wenzhong, MENG Fang, WANG Hong, et al. Research on Ma-
terial Sources of Cobalt Abonrmality in the Weining Beishan of
Ningxia[J]. Journal of Taiyuan University of Technology,
2013b, 44(4): 485-489.

BB, TR, AR I, S IR B O TR B 2R R IX
o R AE K R 7 1 (1] w7 5 4 R, 2010, 24(3):
251-255.

XIAO Yong, CAI Renjie, FU Qiji, et al. Geological characteristics
and prospecting orientation of Shilu iron, cobalt and copper
polymetallic ore accumulation zone[J]. Mineral Resources of
Geology, 2010, 24(3): 251-255.

TRARNIL, FhIL, F3, 55, B TUE A0 R Ni-Co 7K F it J#
YR (7], A2z, 2022, 38(10): 3052-3066.

XU Lingang, SUN Kai, YAN Hao, et al. Black shale-hosted nickel-
cobalt deposit: current understanding and outlook to future pro-
specting[J].  Acta Sinica, 2022, 38(10):
3052-3066.

VRN, ARk, B, & T E AT IR IDR 5 AR M
A, ERRE ISR, 2019, 2: 125-133.

XU Deru, WANG Zhilin, NIE Fengjun, et al. Cobalt resources in

Petrologica

China: current research status and key scientific issues[J]. Sci-
ence Foundation in China, 2019, 2: 125-133.

BEAD . 18 5 T4 7 IX B B 7 4k i B AR AT (0], 477 5 Mk,
1996, 10(6): 29-35.

XUE Bugao. Geological characteristics of superimposed cobalt min-
eralization in the Yimen copper district[J]. Mineral Resources
of Geology, 1996, 10(6): 29-35.

& R, A, XUMESY. T AR I A B R K OB & i s
R PR (0] R RH 2224, 2001, 31(1): 40-45.
YANG Yanchen, FENG Benzhi, LIU Penge. Dahenglu type of co-

balt deposit in Laoling area,Jilin province: A sedex deposit with
late reformation[J]. Journal of Changchun University of Sci-
ence and Technology, 2001, 31(1): 40—45.
W E R, £ 5, A KR B U4 () 07 R
BT[], 5T 504K, 2004, 40(1): 7-11.
YANG Yanchen, WANG Keyong, FENG Benzhi. Geological charac-

JRRAE B 1 R

teristics and genesis of the Dahenglu type cobalt (Copper) de-
posits, Jilin province[J]. Geology and Prospecting, 2004, 40(1):
7-11.

RS, SRS, RO, S BE IR B TR AL (8) 0TRK
b BT 5 s e Ay R 3 PR A R A A B (0] bl 3K 27 4


https://doi.org/10.3969/j.issn.1671-6396.2014.04.010
https://doi.org/10.18654/1000-0569/2023.04.04
https://doi.org/10.18654/1000-0569/2023.04.04
https://doi.org/10.3969/j.issn.1672-7487.2018.03.008
https://doi.org/10.3969/j.issn.1672-7487.2018.03.008
https://doi.org/10.3969/j.issn.1672-1667.2022.12.017
https://doi.org/10.18654/1000-0569/2022.10.10
https://doi.org/10.18654/1000-0569/2022.10.10

5534

ARIC RS A BRYUR—E OB AL B 0™ MR R O 7 B 7 0 AT 52 B9 7 193

2002a, 23(6): 527-534.

ZHANG Dequan, YU Hongquan, XU Wenyi, et al. Geochemical
constraint on the metallogenetical geological background and
genesis of Tuolugou sedimentary-exhalative cobalt-gold depos-
it[J]. Acta Geoscientia Sinica, 2002a, 23(6): 527—534.

RS, FE, BN, S SEHOE BRI ALES (&) 5K
- ER k2 (3] B R M, 20020, 21(3): 213-222.

ZHANG Dequan, WANG Yan, FENG Chenyou, et al. Geology and
Geochemistry of Tuolugou Exhalative-Sedimentary Co-Au De-
posit ,Qinghai Province[J]. Mineral Deposits, 2002b, 21(3):
213-222.

K TT, TS, WIS, S A ER = I LU R 85 5T R A
B). HEPEREAR, 2015, 37(1): 88105

ZHANF Fuyuan, ZHANG Weiyan, REN Xiangwen, et al. Resource
estimation of Co-rich crusts of seamounts in the three oceans
[J]. Haiyang Xuebao, 2015, 37: 88-105.

k. LV Al A Bty oo AR T R VR T D). KA A
K2, 2012

ZHANG Han. Matallogenesis of Paleoproterozoic copper daposits in
the Northern Zhongtiaoshan Mountains, Shanxi Provinca[D].
Changchun: Jilin University, 2012.

T T, I, AR, SF L B IR BRI IR K HO AR
ke 148 R 2 L. BT R, 2020, 39(3): 501-510.

ZHANG Hongrui, HOU Zengqian, YANG Zhiming, et al. A new di-
vision of genetic types of cobalt deposits: Implications for
Tethyan cobalt-rich belt[J]. Mineral Deposits, 2020, 39(3):
501-510.

M, BT, AL B JE T LA ST B3R e BT M
SHBIBFSE [1/OL]. H2F Rk, 2023, 1-14.

ZHANG Huanbao, HE Haiyang, YANG Shijiao, et al. Machine
learning-basedaipproactfondakiticockgectonisettingletermination
[J/OL]. Earth Science Frontiers, 2023, 1-14.

SRR, REL, XK, 5. TURVE B UURUE BUAG B BIF 5T 2F Jie
58 [J]. %540 24, 2023, 39(4): 981-997.

ZHANG Lianchang, ZHANG Aikui. LIU Yongle, et al. Research
progresses andproblems of sedimentary-metasedimentary rock-
hosted cobalt deposits[J]. Acta Petrologica Sinica, 2023, 39(4):
981-997.

TR, AR, TR, AF LV b SR LR AR VA R RO ER AT k-
BRI AF K S5 CLT). RS MBI, 2013, 32(4): 740-746.

ZHANG Liang, LI Biyue, ZAHNG Han, et al. Re-Os isotopic dating
and its geological significance of molybdenite from Tong-
mugou copper deposit in Zhongtiaoshan, Shanxi[J]. Global
Geology, 2013, 32(4): 740-746.

SRR, Kz, BIEAR, 55 SRR 2 0 40 M P 2% P I AR B A 3t )2
o 4l 8 FE 5 (CIA) BF 58 B R SC D). b o R & S 5T,
2018, 41(4): 258-262+279.

ZHANG Tianfu, ZHANG Yun, MIAO Peisen, et al. Study on the

chemical index of alteration of the Middle and Late Jurassic

Strata in the western margin of Ordos basin and its implica-
tions[J]. Geological Survey and Research, 2018, 41(4):
258-262+279.

KB, TR, PARUAE, . AL I BT R U B . A
AU 5 I FE U [T]. 735 MROR 22284 (kB R, 2023,
53(3): 693-712.

ZHANG Yong, DING Jianhua, SONG Quanheng, et al. Metallogen-
ic Regularity, Genetic Type and Potential Prospects of Cobalt
Deposits in Northeast China[J]. Journal of Jilin University
(Earth Science Edition), 2023, 53(3): 693—712.

S IRAT, ZESCUH, A=A, S5 b AR LR T w8t
HARI]. WAL, 2022, 55(2): 14-34.

ZHANG Zhaowei, LI Wenyuan, FENG Chengyou, et al. Study on
Metallogenic Regularity of Co-Ni Deposits in China and Its Ef-
ficient Exploration Techniques[J]. Northwestern Geology, 2022,
55(2): 14-34.

SRBRAE, SRYLAH, £ &, 5. MEM RIS R 2 R hLah
AR LT]. PEAE LI, 2023, 56(1): 1-10.

ZHANG Zhaowei, ZHANG lJiangwei, WANG Yalei, et al. Metallo-
genic Characteristics of Yundukala Co Deposit in Northern
Margin of Junggar Metallogenic Belt, Northwest ChinalJ].
Northwestern Geology, 2023, 56(1): 1-10.

FRARAS, BUEK B, BB, 55 ALE = > 5 e T AR VY 7 2k 2
GBI A (1] #2474, 2021, 28(3): 221-235.
ZHANG Zhenjie, CHENG Qiuming, YANG lJie, et al. Machine
learning for mineral prospectivity: A case study of iron-poly-
metallic mineral prospectivity in southwestern Fujian[J]. Earth

Science Frontiers, 2021, 28(3): 221-235.

B8 A AR i 1 R R B 3 B AR AR A S T
[ SHE (0], A 244, 2009, 25(8): 1772—-1792.

ZHAO Guochun. Metamorphic evolution of major tectonic units in
the basement of the North China Craton: Key issues and discus-
sion[J]. Acta Petrologica Sinica, 2009, 25(8): 1772—1792.

BT, VAT, 2R, 45 F IR SE A AN IR R R
AT (1], TSR, 2008, 27(1): 7-13+29.

ZHAO Junwei, SUN Fengyue, LI Shijin, et al. Study on metallogen-
ic features and ore-controlling regularity of Tuolugou cobalt de-
posit in Qinghai Province[J]. World Geology, 2008, 27(1):
7-13+29.

R, 26, R, S5 W A R AT Y R 5 IR A
(0], Bhafi 41, 2019, 64(24) : 2484-2500.

ZHAO Junxing, LI Guangming, QIN Kezhang, et al. A review of the
types and ore mechanism of the cobalt deposits[J]. Chinese Sci-
ence Bulletin, 2019, 64(24): 2484-2500.

DS, XN, XA, 45 0T 7 S JAR Ao 3 1 A 0 A 1L B Ak e
b BR A 2 5 A B H 3 BT B SCLT). e Al 5T 24 41, 2017,
23(1): 83-94.

ZHAO Xiaochen, LIU Chiyang, ZHAO Yan, et al. Geochemical

Characteristics and Its Geological Implications of the Cherts in


https://doi.org/10.1360/N972019-00134
https://doi.org/10.1360/N972019-00134
https://doi.org/10.1360/N972019-00134
https://doi.org/10.1360/N972019-00134

194 o4t o# R

NORTHWESTERN GEOLOGY

2024 4F

the Xiangshan Group of the Eastern Hexi Corridor Belt, NW
China[J]. Geological Journal of China Universities, 2017,
23(1): 83-94.

R, INEH, BHUR, S5 T I ST VA B R R 2 R
BT P B A A (T). MR 5 B 22 4R, 2007, 29(4):
351-355.

ZHU Huaping, SUN Fengyue, LI Biyue, et al. Fluid Inclusions Char-
acteristics and Physicochemical Condition of Tuolugou Cobalt
Deposit, Qinghai[J]. Journal of Earth Sciences and Environ-
ment, 2007, 29(4): 351-355.

PR KR RE - mmEmEs. PR R Z -2 RE M)
e H 5T AL, 1996.

PR R L 1LV A e 2 2 b TR R B L G (M.
LT H 5T AL, 1996.

R, B A B VLS T () 0T R BT L K b BT —th 3k
ez 3 m B L] VTP LT, 2000, 14(4): 271-275.

ZHOU Hui, ZENG Shuming. Genetic Model of The Wubaoshan
Type Cobalt deposit in Jiangxi and The Geological-Geological
Model for Ore-Searching[J]. Jiangxi Geology, 2000, 14(4):
271-275.

fifE s, 2k, 208, % . TE DTl &5 780 K R E
SysarWE 8 U], WL, 2012, 45(3): 81-92.

ZHONG lJiaxin, LI Huan, LI Peng, et al. Geological Characteristics,
Ore-Controlling Factors and Mineralization Law of Gold Ore in
the North Mountain of Weining Area, Ningxia[J]. Northwest-
ern Geology, 2012, 45(3): 81-92.

JEl A 21 RS 0 B R A PR 2 1 A L B B o0 B [T,
[H 554 57, 2001, 20( 1) : 40-42+61.

ZHOU Shaohong. Mathematical Analysis of Cobalt and Nickel Oc-
curance with Commensal Rules in Dahenglu Cobalt Ore Depos-
it[J]. World Geology, 2001, 20(1): 40—42+61.

JEl KB, BERE DG, BT, G5 R B B e R AR BRI 5
TR PRI 59 5 A R Ak 58 4, 2017, 36(2):
327-331+344.

ZHOU Yongzhang, LI Peixing, WANG Shugong, et al. Research
Progress on Big Data and Intelligent Modelling of Mineral De-
posits[J]. Bulletin of Mineralogy, Petrology and Geochemistry,
2017,36(2): 327-331+344.

JAK B, ZEA7) . et MR B s ORI 4R RER L AT
AR5k IE TE R b ST 2 (I, 0 A M Bk A A R
2021, 40(3): 556573

ZHOU Yongzhang, ZUO Renguang. The Great-leap-forward Devel-
opment of Mathematical Geoscience During 2010-2019: Big
Data and Artificial Intelligence Algorithm Are Changing Math-
ematical Geoscience[J]. Bulletin of Mineralogy, Petrology and
Geochemistry, 2021, 40(3): 556—573.

RAET, IVFER, BHIR, 5. 3 1B I8 MO 5 IR b BERFIE B 4R
I I AFFE (1], # B 1 Ah, 2004, 19(3): 147-152.

ZHU Huaping, SUN Fengyue, LI Biyue, et al. Study on The Geolo-

gical Chararteristics of Tuolugou Co Deposit and Ore prospect-
ing, Qinhai Province[J]. Contributions to Geology and Mineral
Resources Research, 2004, 19(3): 147-152.

Aleinikoff J N, Slack J F, Lund K L, et al. Constraints on the Timing
of Co-Cu £+ Au Mineralization in the Blackbird District, Idaho,
Using SHRIMP U-Pb Ages of Monazite and Xenotime Plus Zir-
con Ages of Related Mesoproterozoic Orthogneisses and
Metasedimentary Rocks[J]. Economic Geology, 2012, 107:
1143—-1175.

Anbar A D. Elements and Evolution[J]. Science, 2008, 322:
1481-1483.

Bending J S, Scales W G. New production in the Idaho Cobalt Belt: a
unique metallogenic province [J]. Applied Earth Science, 2013,
110: 81-87.

Brown A C. Low-Temperature Sediment-Hosted Copper Deposits
[J]. Treatise on Geochemistry, 2014, 251-271.

Cailteux J L H, Kampunzu A B, Lerouge, et al. Genesis of sediment-
hosted stratiform copper—cobalt deposits, central African Cop-
perbelt[J]. Journal of African Earth Sciences, 2005, 42:
134-158.

Cailteux J L H., De Putter T. The neoproterozoic Katanga super-
group (D. R. Congo): state-of-the-art and revisions of the
lithostratigraphy, sedimentary basin and geodynamic evolution
[J]. Journal of African Earth Sciences, 2019, 150, 522—531.

Chen W T, Zhou M F, Li X, et al. In situ Pb-Pb isotopic dating of
sulfides from hydrothermal deposits: a case study of the Lala Fe-
Cu deposit, SW China[J]. Mineralium Deposita, 2018, 54:
671-682.

Cox R, Lowe D R, Cullers R L. The Influence of Sediment Recyc-
ling and Basement Composition on Evolution of Mudrock
Chemistry in the Southwestern United States [J]. Geochimica et
Cosmochimica Acta, 1995, 59: 2919-2940.

Dehaine Q, Tijsseling L T, Glass H J, et al. Geometallurgy of cobalt
ores: A review[J]. Minerals Engineering, 2021, 160.

El Desouky H A, Muchez P, Boyce A J, et al. Genesis of sediment-
hosted stratiform copper—cobalt mineralization at Luiswishi and
Kamoto, Katanga Copperbelt (Democratic Republic of
Congo)[J]. Mineralium Deposita, 2010, 45: 735-763.

Gao S, Zhang B R, Jin Z M, et al. How mafic is the lower continent-
al crust[J]. Earth and Planetary Science Letters, 1998, 161:
101-117.

Greenwood P F, Brocks J J, Grice K, et al. Organic geochemistry and
mineralogy: 1. Characterisation of organic matter associated
with metal deposits[J]. Ore Geology Reviews, 2013, 50: 1-27.

Hazen R M, Hystad G, Golden J J, et al. Cobalt mineral ecology[J].
American Mineralogist, 2017, 102: 108—116.

Hitzman M, Kirkham R, Broughton D, et al. The sediment-hosted

stratiform copper ore system[J]. 2005, Economic Geology


https://doi.org/10.3969/j.issn.1672-6561.2007.04.003
https://doi.org/10.3969/j.issn.1672-6561.2007.04.003
https://doi.org/10.3969/j.issn.1672-6561.2007.04.003
https://doi.org/10.3969/j.issn.1672-6561.2007.04.003
https://doi.org/10.3969/j.issn.1007-2802.2017.02.016
https://doi.org/10.3969/j.issn.1007-2802.2017.02.016
https://doi.org/10.3969/j.issn.1001-1412.2004.03.002
https://doi.org/10.3969/j.issn.1001-1412.2004.03.002
https://doi.org/10.3969/j.issn.1001-1412.2004.03.002
https://doi.org/10.2113/econgeo.107.6.1143
https://doi.org/10.1016/0016-7037(95)00185-9
https://doi.org/10.1016/0016-7037(95)00185-9
https://doi.org/10.1007/s00126-010-0298-3
https://doi.org/10.1016/S0012-821X(98)00140-X
https://doi.org/10.2138/am-2017-5798

5534

ARIC RS A BRYUR—E OB AL B 0™ MR R O 7 B 7 0 AT 52 B9 7 195

100th Anniversary Volume: 609—642.

Hitzman M W, Bookstrom A A, Slack J F, et al. Cobalt-Styles of de-
posits and the search for primary deposits [J]. 2017, 1-53.
Hitzman M W, Selly D, Bull S, Formation of sedimentaryrock-hos-
ted stratiform copper deposits through Earth history[J]. Eco-

nomic Geology, 2010, 105: 627-639.

Johnson C A, Bookstrom A A, Slack J F. Sulfur, Carbon, Hydrogen,
and Oxygen Isotope Geochemistry of the Idaho Cobalt Belt[J].
Economic Geology, 2012, 107: 1207—-1221.

Johnsson M J. The system controlling the composition of clastic sedi-
ments [J]. Geological Society of America, 1993, 284: 1-20.
Large R R, Mukherijee I, Gregory D D, et al. Ocean and Atmosphere
Geochemical Proxies Derived from Trace Elements in Marine
Pyrite: Implications for Ore Genesis in Sedimentary Basins[J].

Economic Geology, 2017, 112: 423—-450.

Large R R, Mukherjee I, Gregory D, et al. Atmosphere oxygen cyc-
ling through the Proterozoic and Phanerozoic[J]. Mineralium
Deposita, 2019, 54: 485—-506.

Lodders K, Palme H, Gail H P. 4.4 Abundances of the elements in the
Solar System[C]. Solar System, 2009, 712—770.

McDonough W F. Compositional Model for the Earth's Core[C].
Treatise on Geochemistry, 2014: 559—577.

Mclennan S M, Hemming S, Mcdaniel D K, et al. Geochemical ap-
proaches to sedimentation, provenance, and tectonics[J]. Geo-
logical Society of America Bulletin, 1993, 284: 21-40.

Muchez P, André-Mayer A S, El Desouky H A, et al. Diagenetic ori-
gin of the stratiform Cu—Co deposit at Kamoto in the Central
African Copperbelt[J]. Mineralium Deposita, 2015, 50:
437-447.

Muchez P, Vanderhaeghen P, El Desouky H, et al. Anhydrite pseudo-
morphs and the origin of stratiform Cu—Co ores in the Katangan
Copperbelt (Democratic Republic of Congo)[J]. Mineralium
Deposita, 2008, 43: 575—589.

Nold J L. The Idaho cobalt belt, northwestern United States: A meta-
morphosed Proterozoic exhalative ore district[J]. Mineral De-
posits, 1990, 25: 163—168.

Prave A R, Condon D J, Hoffmann K H, et al. Duration and nature of
the end-Cryogenian (Marinoan) glaciation[J]. Geology, 2016,
44, 631-634.

Qiu Z J, Fan H R, Goldfarb R, et al. Cobalt concentration in a sulfid-
ic sea and mobilization during orogenesis: Implications for tar-

sediment-hosted Cu-Co  deposits[J].

Geochimica et Cosmochimica Acta, 2021, 305; 1-18.

geting  epigenetic

Qiu Z J, Fan H R, Liu X, et al. Mineralogy, chalcopyrite ReOs geo-

chronology and sulfur isotope of the Hujiayu Cu deposit in the
Zhongtiao Mountains, North China Craton: Implications for a
Paleoproterozoic metamorphogenic copper mineralization[J].
Ore Geology Reviews, 2016, 78: 252—267.

Rudnick R L, Gao S. The composition of the continental crust[A].
The Crust Treatise on Geochemistry[M]. Oxford: Elsevier,
2003.

Saintilan N J, Creaser R A, Bookstrom A A. Re-Os systematics and
geochemistry of cobaltite (CoAsS) in the Idaho cobalt belt, Belt-
Purcell Basin, USA: Evidence for middle Mesoproterozoic sedi-
ment-hosted Co-Cu sulfide mineralization with Grenvillian and
Cretaceous remobilization[J]. Ore Geology Reviews, 2017, 86:
509-525.

Slack J F. Strata-Bound Fe-Co-Cu-Au-Bi-Y-REE Deposits of the
Idaho Cobalt Belt: Multistage Hydrothermal Mineralization in a
Magmatic-Related Iron Oxide Copper-Gold System[J]. Eco-
nomic Geology, 2012, 107: 1059—-1113.

Slack J F, Causey J D, Eppinger R G, et al. Co-Cu-Au Deposits in
Metasedimentary Rocks-A Preliminary Report [M]. US Geolo-
gical Survey, 2017, 1212.

Smith C G. Always the bridesmaid, never the bride: cobalt geology
and resources[J]. Applied Earth Science, 2013, 110: 75—80.
Stein J H. Dating and Tracing the History of Ore Formation[A].

Treatise on Geochemistry 2nd Edition[M]. 2014, 1-32.

Unrug R. Mineralization Controls and Source of Metals in the Lufili-
an Fold Belt, Shaba (Zaire), Zambia, and Angola[J]. Economic
Geology, 1988, 83: 1247-1258.

US Geological Survey. Mineral Commodity Summaries 2018[M].
US Geological Survey, 2018, 1-6.

Wang M, Mao J, Ye H, et al. The Age of Hubi Copper (Cobalt) Ore
Mineralization in the Zhongtiao Mountain Area, Southern Mar-
gin of the Trans-North China Orogen: New Constraints from U-
Pb Dating of Rutile and Monazite[J]. Minerals, 2022, 12: 1-30.

Williams-Jones A E, Vasyukova O V. Constraints on the Genesis of
Cobalt Deposits: Part 1. Theoretical Considerations[J]. Eco-
nomic Geology, 2022, 117: 513—528.

Young R S. The geochemistry of cobalt[J]. Geochimica et
cosmochimica, 1957, 13: 28—41.

Zhang Z J, Zuo R G, Xiong Y H. A comparative study of fuzzy
weights of evidence and random forests for mapping mineral
prospectivity for skarn-type Fe deposits in the southwestern
Fujian metallogenic belt, China[J]. Science China (Earth Sci-
ences), 2016, 59: 556—572.


https://doi.org/10.2113/econgeo.107.6.1207
https://doi.org/10.2113/econgeo.112.2.423
https://doi.org/10.1007/s00126-019-00873-9
https://doi.org/10.1007/s00126-019-00873-9
https://doi.org/10.1007/s00126-015-0582-3
https://doi.org/10.1016/j.gca.2021.05.001
https://doi.org/10.1016/j.oregeorev.2017.02.032
https://doi.org/10.5382/econgeo.4895
https://doi.org/10.5382/econgeo.4895
https://doi.org/10.1016/0016-7037(57)90056-X
https://doi.org/10.1016/0016-7037(57)90056-X
https://doi.org/10.1007/s11430-015-5178-3
https://doi.org/10.1007/s11430-015-5178-3
https://doi.org/10.1007/s11430-015-5178-3

	1 钴的地球化学特征
	2 全球沉积–变沉积型钴成矿规律
	2.1 分布特征
	2.2 形成时代
	2.3 成矿构造背景
	2.4 物质来源和成矿过程

	3 宁夏北山钴矿成矿规律和有待深入研究的问题
	3.1 宁夏北山钴矿地质和成矿特征
	3.2 宁夏北山钴矿有待深入研究的问题

	4 结论
	参考文献

