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Abstract: The establishment of cooperative exploration model between coal and strategic metal resources in coal-bearing
strata is the precondition for the transformation from strategic metal elements in coal-bearing strata to metal resources. The
research on the basic theory and key technology of cooperative exploration of coal and strategic metal resources in coal-
bearing strata is the core task of establishing cooperative exploration model. Based on the analysis of the basic character-
istics of strategic metal elements in coal-bearing strata, the necessity of implementing the cooperative exploration of coal
and strategic metal resources in coal-bearing strata is demonstrated. Through review on the evolution history of the
concept of cooperative exploration, the relationship between comprehensive coal exploration and cooperative exploration
is revealed, and considered that the cooperative exploration is the inheritance and development of comprehensive explora-
tion, emphasizes the coordination and orderly and scientific organization in the process of comprehensive exploration of
two or more mineral resources, and its core is the cooperative organization of exploration projects and cooperative imple-
mentation of key technologies. Based on the discussion on the principle of cooperative exploration of coal and strategic
metal resources in coal-bearing strata, the theory and technical method system framework of cooperative exploration of
coal and strategic metal resources in coal-bearing strata is put forward, which is the basis of establishing the model of co-
operative exploration of coal and strategic metal resources in coal-bearing strata. The cooperative exploration of coal and
strategic metal resources in coal-bearing strata should be based on the study of the enrichment and mineralization mechan-
ism, combination types and occurrence rules of the strategic metal elements in coal-bearing strata, based on the multi-dis-
ciplinary theories of coal geology, ore deposit, geochemistry, geophysics and exploration engineering, and supported by
the cooperative exploration technology system composed of key technologies such as precision drilling, fine geophysical
exploration and fine geochemical exploration. Also, it should be based on the solid mineral exploration norms and other
standards, follow the general principles of solid mineral resources exploration, comprehensive exploration and single min-
eral resource exploration, as well as the principles of research first, technical effectiveness, fine exploration, dynamic ad-
justment, zoning policy implementation, coordination and synchronization, and cooperate in the organization of explora-
tion projects and implementation of key technologies, in order to achieve the balance of the best technical benefits and the
best economic benefits of the cooperative exploration of coal and strategic metal resources in coal-bearing strata. On the
basis of the completion of coal geological exploration tasks, it is expected to find out the geological characteristics and de-
velopment geological conditions of the associated strategic metal resources, to obtain the corresponding resources or distri-
bution characteristics of strategic metal elements, and to provide geological basis for the comprehensive development and
utilization of mineral resources in coal-bearing strata. The core issues of cooperative exploration of coal and strategic met-
al resources in coal-bearing strata are as follows: determination of cooperative exploration objects, selection and cooperat-
ive implementation of exploration technologies, cooperative deployment of exploration projects, and scientific estimation
of resources.

Key words: coal-bearing strata; strategic metal resources; cooperative exploration; principles of exploration; theory
and technology system
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Fig.l1 Occurrence of minor and trace elements in coal!"
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Table 1 Typical combination types of coal and strategic metal resources in coal-bearing strata in China
(Modified from Reference [54])
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Table 2 Description of comprehensive exploration (comprehensive evaluation) in mineral exploration standards

P4 TR KA} ] HE
(e N RALFIE G P Bl ) 1986-03—19i@14 $75% EHH PR A A . JF R ST R SRR
2009082748 20K & 1F LEAE . AEIRRAZEA A
GB/T 13908—2020 20024 IR KA, 2020~ 3 MREEA . gl e, SRR AR R
VA 7= B A B 0 ) 04-28151T 6.1.5.1 £ Bt Y BO RO IRIET T 25 S A 27 5 TFAY
BURTRAA LR A A LR ST G . 9 Fh D) IR T
GB/T 25283—2023 20104F KRN, 2023~ 3.6 VA A eI FE Y ENT, XA R IR T A I T AR
(PR IRER A A PP R ) 05-231&1T
CIRERR B TR ST AL (IRAT) ) 1980-03—254 5% S5 MR IR A RISE BRI B A . RS, T DU SRR 1Y
TolkFR A& A HOEIIR TAE, U RBRSEE . MU A AT 2507 7 2R G TP
CHREDR 2 5 b ST B A BT ) SET TR R S SISk LU F | AR . SRA TR,
(i % [1986]1475) 19864F-12 H AiAfi WA 259 7 R RN
DZ/T 0215—2002 2002-12-17 4.3 B T A AR LU L AR AT B, s
CHE Ve sk b T A BT ) FIH . ARG, B0 S A i A A A PR T A
DZ/T 02152020 2020-04-30 3.4 WRRERG WA . LEEIPN
B b B AT R I )

B

1]
LiEsesuthulpy FSR BTl

[HIELS G

[ | I [ | I 1
powe | (oo | [wws|  [voe | fasen] [ar] [wx
wir || | || |we | (mee| |wE || s
o || Ee | |mek| | e | (waok| |me | | e
ok || Bk Hok gk || b

Hok
[ I I [ I I ]
]

R —— B
5RO mib RS A T A,
W LRI o N U A

T e e
ks AR
PbERER TES
[ 1
DR TR A . T e IR ST I
T 50RO Kl BEIDFRIUR
| |
[ ]
T IR RO BT L LR
BB B AT TALRT R R R T

B4 BB A A I SHOARIER (R SCR70,7511880)
Fig.4 Comprehensive exploration theory and technical system of coal resources (Modified from Reference[70,75])

T Z AR AR FREGAIBAMAZE. i s04  Beb. MRS RIS ERET 2ergey
SR SEE, BT T LA A Ry AT R R s A s L g
SR HIBR T A SRR R A, ARSI INHE T Z AR T U R A | S e
HIBE R BT IR SRR | RS EE IR Y B R EOR S A A RN B Rt e | e 5 02 b ) 3t 4

OHARM B GBS A TIE SHORE S0 MR A IS SHEOR AR
ZOPV 1 4, HEFR Z Rl 7 e A A7 A4 22 F A oI [] Bl A5 7
“Drlmlith A" —in H 21 HARITHR IR SC Dl ST sk ) BRI b IR A 238 A R 1) e K



5514

A A S AR SO P T A B I B8 A S S R AR RMEZR T

485

Hgitria LU R B A i ml BE; 207 7= i Rl B
FEAR R BUAE BRIk i A AN e 2 i e R AL
ZE R 2 AU Ol B ) B S A 2 B A 1 R L
KIEMRM ZH Bl R4, TR ZRE ™
AT SRR A S AR i . 2P 7= B ) B PR L
PRI AR £ 4 (18] 5). EACAFI AR b T 1)

A K45 30 53 AR SR A — S 5 BT % iz 55 14
i WA — Z2 R e A LA (4 D[R] B8 A — 5 PR
I LA f) 2R 25 b S B A S B B . AR R Bt
5P [e] Bl 2 ) AR B R UL O B A X
P REOAIER A Xt 42, By B S AR T, i B
AL RS 2 T i HoA =

SRR AL P A RS B VR R Sk
LR P EEN | Tt BB R A S R I 7
W LR 9 | o H | — P IR 2 BF PR OB 1S
LHER TR — ) T | R
i 1y — L0
B 7%; - 77 .
e S W R A A% B SRR e
ekl 4) W% Hip
L R S R A
SR AR AT R i
% REVEH 7 U I i
- BRI, T
PORIDEREA [ (1$Wﬁ%ﬁ&ﬁﬁ%%ﬁﬁ
mE A | x —
IR R W z R A B
b Lt R BRI BN R IFIEG
ot P 38 AR i 2
T% 47 sy Seh | R
| mvmessk | FRERE AR
SR AL B B
e SEBLI H b
)

-

BBIREAEL . e U i 2 Al
BEVEAR DL AT AT R 2k A

AR5 VE S BRI FIJT R SRAG T 782
R EACR, MR LR T2 REIRT 7 4t 5
BRI AR

IS LURSR SRR 3 0 A =P I eh e e R )

Fig.5 Block diagram of coal priority multiple mineral resources “exploration in coordination” system'

2.2 FtthEIENERIERE

A R340 U ) Sy A SOk, 5 bl o 255
BRI Z R A HOR T By 25 Gz H, D[R] Bl 00
AR B R 25 G AR Z R0 7 125G ]
A SR, BT s (3 2), LA A Y B AC I SR 5
R R, B “Feih s 2= A R, XA f
AR IR TN o R, BT LURE B ) b A A
AW MRIR R, “CREIE” RIS T
Wt Ra b O 2 i, PRI A A S AR
ENPT S ur L L

NI b B b A S R, 25 G A B 2R
M5 G A M 2 R EOR T B 25 Gis AT 2 7T Y
PR s D[] S T B i A 2 Fp el AT g A A
SRR AR BleRd g, AW EEA
BIEAE A 0 R R, X ISR AR AR P
[ A 48 2 Fhol Z RN o> E R B =[G 7 32

79]

3 thEBERIESEARTE

RERARBESEDEEEHEREN
Pl DO S A ) i S R AR T AR R . RS
AR 2R A < i P [ BBl A 1 D — 2R 7 o A % S BE
TR 7 A A — R S0, SO A AR R A
BB ICR AR AL, 5 AR A BAR U (151 6). AL
5 2 N2 UCH ], S B3 ] £ A S U B [ A
7 B A B — P U, L e 2= U b ) Bl A D ) A A
W RO S SR A P R 8 e s

Forby, P[] 36) e S 0 A At 22 U 1T A 7 8l
A — ek R U, 45 S MR 5 T B A i A ad e, 2
T B Ar TAR R ARG, (45 Zx @ 5| S2pr
IR 2B BN | i 255 U 6 Y gt
JEC DN SE A S
BB 5 S U ) L JoR SR R A SR A i 2 U B

31



486 2 3 F 1#® 2024 4E5 49 45
el W, ARAFSESEAT | FARAT R KA | Sh A
e MRS Sy DS PRI SN, BRI TR i
u I v IR, ST HER AR, STV R B 7 Db )
5 M e REELELL e A 5 I B R AR 22 AR IO T 76 52 1
'%ﬁ; ’:’ﬁ'ﬂ” | J s A :H: A ) P
i : W@ﬁéﬁﬁﬁ k%ﬁl&ﬁ%ﬁﬁ(f%ﬂﬁ%ﬁmi, ﬁﬂﬂ,\f#iﬂﬁiﬂi&@ﬁ%
f ol i 1777 B ML SRR R 2 M R 2% 12, RASHAH I f1 5 0 o
| @ ‘ STEE MR, WO BEIR L5 G T RA ATR f
- iz SR
i Jw, & P PR R P78 R AR RO
5 CEHLRAE) [ G 455 Pip [ S A T e A L D IR A B R F- By
JEi T GEL NS T n e SJE A TR Bl A 5 Ve
i} (gﬁ%gﬁ) ﬁ;f*\ TJ}IEJ@JEIEE’J?EE\ Uy {}quj:iﬂﬁ‘ %J\/ﬁxi
N A JoR i
e 5% 4 7T,
R
N I [E] B K A E~
(i) PR AN 4 DRIEERRLEE

Bl 6 AR AR A P < T 1 ) B8l 2 S
Fig.6 Principles of coordinated exploration of coal and strategic

metal resources in coal-bearing strata

(7] ol A S U ) it L, o 5 O AR et P i s
PR A R IR, 5 ) A o A B A D, A
FEACAT I | FAA REIN | A Al A S | Bl AT
RPN 53 DR SO | B [ 2 0
32 HWEBMERESHEBERRSHEARTEIER
BB PRI AR (B A 0) S 18 B0 A [ A
PRI ALY, L KA ML S BB 1, 100 A B3
IR R BT o 20 B2 1A RO AR A HR
FABE, A B A Ry A A T RRA T SR 00 e B AR
FIUELAS, 7T LLZS JE U™ PR M 2 TR 42 A S A4
ST IR AR R 4 T 7 B D B A
AL FIERZR B BE, 2 1 LA 37 B[] S A A5 7 T A
SRR . AT, DA 2R O P 5 R DT R A SEAR AR
P[]l A AT SR A AT, SRS 2R s
SR ORI A B A EORTT I, R SRR
AP < R 7 P ] B A AR Y iy T4 o
TEBUA WS CREER L, B WP MBS R
A P S A P ] Bl A B R O ik A AR AE L
(1 7)o JRE55HRE AR B P < s 7 DI ) 8 A 07 LA 2%
A < DU S T ML L 2 TR S A AL
WA, LU B IR sk | Husk)
Hlez | WA TR S5 2 AR I O B, ORI HERG R |
5 200 )R FIURS 200 A1 P 45 5K B AR 14 B ) 81
AR Z g %, LA 7= i o 1) A 9 s U ) €
PR IREE A B AP AL ), DA (O s i A ML
) S5 B B A LS A A v AR, S A
07 BE R A RN 25 A S B el A i) — R

41 HEMEXNRETHE
BERBT T BEIR AT DL ZGEE A BE L ATl A L
AR BE T o2 A B DL RS A B 5 AT kA 7

42

IRE S5 AR R RO 2 S 7 D [ 2 6 B B
WEGAZIENEES BT ERARS (J D AE
A (3 1), HuBRY A ER (L2 v Y| A
AT ER R, HITEG 28 (K 08), H, R
W 4 A T 2R 1 2R B R A SR 1 AR IR R
HR A A2 A8 B 40 43 Sy e A= 7= e AR ™ 2 A
B, A A R A P A A AN TR B,
AR GB/T 13908—2020 [ 4™ 7 a2 )
FE X AT TR R — 8 X AT 2 F R DL A F
A R TV A8 R Z SR 4 T2 43, FL 0T U5 RS e 1
JE T T2 0 RGBSR, AR R R B0 e 5%
B B 75 AR R B 2 IR AR
RIRFNZH B IR To P8R 2R, BURIA S| Tl H5 45
BERAR G A H B RN H, 7R R £ 2
FE IR T 2 T ORI R8T 7=, R R TR 4 2
SRl X R KA YR, (A SRR, A
A E TR R R AR SE, A LIRSS T SR
ik 4 T B AR AR AR, S M
Bty TR, A 55 T U m A T (g Ny
42 MHEBSEHRARFEMNIEE

IR 55 IR 2R RO 4 T D ) e R R BE R A R,
FEF 1l ST Mk T2 — b Bk P 3 A PR A5 SRR AR Py ]
SCGE A BRI L AR R AT . 21 DRI LAY
TR Hb R 255 5 B A A 0 B RO, g I 5 2R s
P 4 T YIRS 5 AR A R ) S, F & X 2R i s
PEA SR (RS 40 Hh BR P B1L 5505 20 b Bk Ak 27 1 A 1
AR, DB ) At ok R B i B AR (18] 9)



5513 A A S AR SO P T A B I B8 A S S R AR RMEZR T

487

— * —
@ i ] [t |
AR i | H o maneme |
it K| o
— ot 5 R A . ot i ok
— N
TR i s 6B A g
AN A | BRI R — ]
e B i
WAIHREAR | R i | - ey s |
SRt M 1| | e e
SR MASA - ) U e, svsinss,
ERBATA A PR
YA A S W5 TR DA
L

B

|ﬁ%ﬁﬁ@ﬁ@ﬁ|

1
| kw7 |

| JL e |

|ﬁ%m&%§ﬁﬁ¢|

[ Azt |

B
BYBAE,
LA

S B
BhE A,
B TR R

ey | ek | | pekm | | sees ™ | AR
1 I | I 1
A Y Y
| e ks bRty | | SRR BT P EE | | et e

[]
| WpER PR ST R e |

& 7

T AR O P S 7 D ) B e S 5 PR (A R AE AL

Fig.7 Theory and technical system framework of cooperative exploration of coal and strategic metal resources in coal-bearing strata

5 B 2R s PR R AT 7= 43 2

Wik A 4l 2
HHE HiE HHE
t 1
|| 5 | | | 0| | | | | e || e | 3| 4
P || | || B (| 2 | A | e || || 9 || &
RN A B A R ||
ol | G W e = Y D R el | 7
e e s 7
G I
Ol s

SN GIFE SOF FIES
Fig.8 Classification of cooperative exploration objects
LT AR AR SO B R T R AL, A
ARAT S i DU A 248 B e D D 1 e, - A 2R s A
JF p ) B8 A e R A0y L5 5 A b 3R T~ B A R R AL
PR O B HIRIEOAR, G5 A A BRI T 7k D

B SRAR I, USRS O R 5 S 7 14 M 3R
0y ) 15 A0 3 R P~ w0 10 SR FH A R A IR T i
IR R (=S BETE | PRI ) FE SR
SHHEAR, B BRAL 2 T 1 (KA ER AL 2 1R
T/ ) . @) WEARINEOAR, B3 6 8 o R RAF
PRE s AR B P R AR B o AR J7 e — B
F AR B ) K LR A J2= 1 SR S RN
(P 10), PP D20 R v A 32 o o R R 5O R
HAA S W1 T 53 AR 4 SRR KDY, R
R SR A T A R R BE RIS, L) B R T
SFPHRBAST L Z MU A B8 2 A7 AR

B B S DL X R R 4 R
A MU | MR A 2 A F I ER Y B2 AF, 38
22T 3R B R A AN A 7 1 AR S, 29020 2
BEHET IR . BB -BR0T IR . MR R AR -S4 —



488 #H % F % 2024 445 49 %

IR TR
B Dtz | et | [ Foowiai I
— i B, B ! R EWIRrS KR g |
§ % i %gﬁﬁi i T2
% 4 1 AT '
2% |i ]| o | [THorem _‘ il i | |
T eea]] MR e P AR e | )
E H =k R <t '
I HET T BRLIE | 1
e i b2z i
; -~ PR |
— ! 2t !
- WEE. | i
L| ®i47 || || AR . i :
s 57 24 gi’% | S SEZ IR P i
i TSR RS R A W R R A ROR T B i
Ko DhFEBERARTBALE
Fig.9 Combination of cooperative exploration technology and means
R /m
710
XD #EE/m =
530
R /m
S0 780 -
XW R /m ssof-
560 |-
E?A:\l 570
=
gl
580
590 =
I :: 800 |
I il
A
= [ 810 -
Elﬂ ——1 [ -] [~ -] [=1=] F—] ——] == ] - -]
s [DEEEHEEEEDNODOmEEEEE I
ZRAE RBEH BME BE KA RKE MERAEERE K EREMDR B MRE B Nb-ZeREYHZE HAMD
s Jes RE e KAEALE DI £k
FI10  EAR S = i R4 & (Nb-Zr) 721 E SRS e 17 (4 SCHk[6 71180
Fig.10 Natural gamma response of Nb-Zr deposits in eastern Yunnan province (Modified from Reference[67])
B L RS A 20 5 7 DR B AR Dy vk Bl TR A ) DU A e o A [ B
43 BIEIBEMESEHREE AR EER A R RE T, 0 2 4 e v 35 B0 5 dh B ol

RS R O VG R 7 U R I A TR A B AT R TR R B JE DU R B KR %
TEBEFE AT . ST | oy DOMESREAE RN, FoRets, £ B Tl iy (7 0 5t P Y R B, SRIBUE ALY EAR T
TERIA A QBN R A B Be, Ay TR Bl TREAG &, S TR . fildn, 52
AR G GRS T A PRI PR R OT MR 22 (R R R IR X, AR B A2 T
J&, LU 1 TR ARG IRAER 255 A RCR . TR, BRI A I EE 800 mx800 m Pl i 4 i I



5514

AT A S R S S A I B e S SRR A R AR 489

5 28 DZ/T 0203—2020(A" 7= iy Ji #Hh & $L Ve A5
SIRIE), AR AL RIS E e REA
A3 A SR | IR AR R | M ns e A
5> J2 i T PN 2 ke i S P A I A 2SS T Y, 4R
A4 11 8 U 1) LA I JEE S 200 mx200 m R,

DA PRI BE e e I B (SR B B 0 T 0 05 o, AR
TEA Iy BB, Xt A A5 Tl A7 1 BB 4 X P
(& 11(a)), 7% 200 mx200 m BB FIHLCINEF 100 mx
100 m([&] 11(b)), ik BN EE A BRI B, SEIE 5407 P
I s 1) e i 25

(a) 6- 11 B T B A BB 4R oy IX

P
(b) BYERRF3 X A B

- ~
] ] ] 5o [ b

[—]

= ]

B W RIE
bl i il il #k

6-1Z  HEWTRY S
Bz SE% AL

KICHE WHFEZE  0<0(Ge)<100 pg/g  w(Ge)=100 ng/g

PLL 2 R — B ) Bl A T B4R T A

Fig.11 Layout of coal-germanium cooperative exploration in Wulantuga

X i P < S B e A o M ity 57 3 2K v AR
PR L %) DX, ) RS $2 2 o 0 A R e A B A TR
St A
44 FEEMRZEMEE

YT RT3, A 2R AR P < i 7 45 2 T T ) 8t
A TR R P R AL i 0 IO 1] A R B
I, AR AR P[] B A A BRI | DO SR A D 0, R ¢
AR 5 A <5 i B U T 0 0 3 o DX A B
LA, SR Sy BT AR PR AT PR, B D At 350 R
MBI, R O B R AR T T (R
Mo i ) JCE B, I RIS AR s (AL S 2
BRI AG S PR PR Bk Z Ab, TR R AR SE 17
50 SD ARG TT 5 o

TR S P < 7 B DR A AR b A AE AR
RIES, AR TR R P 5 BE TR LU= R R

BT, SR SRR E R AR SHO A (6
Y50 O M DU R At v 4 g NN S B R A
BIRE, JR B R & SR 2, B —
TERERERY R AETE . BT RE (BER) SO 1E 4 R oT R
PR AR IT R T A SCHIT ST TAE (3 3), fHJE, i TR
(HER) BB BT IT A AT AL TREARR B,
BUA fEpRih = Tl M IS0 S8 AR s P )
TLER AP IR ) 2 Bk — 2038 1 W 2 P 45 b
S AAE, B, JCHLRFIOT R A Ik (O B 7y
H0) R B B TR, T T A L
PEMDCEF, SR AL (A HLA S h B 70 20 e
HONEHL P, A A AR I A SO R
P Tl AR R, S AT S 5 R R i TR R A
L1708

5y 22 PRI~ 42 i3 P O ) PR B e o



490 # %

F #®

2024 4F55 49 4

®3 BRREBEESETRTMNER

Table 3 Identification index of coal measure graphite ng/g

TCHE RFEOLOREE) SRR TR AL STBORTR

10~100
(T 3R) (2]
Ge 30 100 #
20 100 [71]
300 [11]
30~50
(T 3R 2]
Ga 100 [11]
30 50 [71]
120 [93]
Li

80 120 [71]

40 0
U (RIS 3]
1000 [11]

300 o
(ISR FHFER) 3]
REY 1000 [11]
20 100 [71]
Nb 300 [11]
Zr 2000 [11]

TE: #019984F (LT S A A X B AR 15 22 R A 1T
R P T BRI ) .

(A v e e 4 SR A IR, T ] R VRS 1998 AR (6T
DS YA XA PR i B 1 22 RIERE T TR X
TEA TR AR AL 5 )0 B 1 3 B 7 0.003%
(30 ug/g), AR TV AR 0.019%(100 png/g); AT
M 57 B 7 B B AT AT SR, KT I A S AR
B2 580 T RIMACE 5 & AL 8 IR & . GB/T
41042—2021 CHEFAT N TT R & 50 G S 500 ) £
A M TR P, B SO AR 2 TE
Wi, HAESE S R AR, IR B8 E Tl ah i,
AT T8 RIT & st A R ot g™ P,
AT TP AN SRR 5. B . ) i E
Boora, A sl A R R B B B
R BRI S T4 3 XN 3 A A

R T A T IR R PR 4 TR T R () 43 A R
FNZETE I, A SO R 1 4 i SR A B o0 A o
X530 3 PR (3 4), B = Tk a7 i3t
W AR e A TR R B T 3 A SR B | il
HEWr e IRt AR AR = A (BTN S H R R)
(A AR B A B VR e USURR R R R Bl A R
T (AAWERENE ), & E88E < Hh 2%
bri 4B TR AE WA £ 80CA AL, AR TR
PLTCE R 4 (R ~ /N PEE SRR .

T4 BRARBBEKBRESELIRYVHREESE

Table 4 Identification index of coal measure graphite

TR el firt VR
=Tl S HE . BURHL. AR TN L TN [ S
< Tollfh i H. PA HE . L TR NS iR
=
<R HEBA LY i BAJE it Bcdeih
5 & i’ A A T AR | PIR] S R SRR AR, 52 B e R AR 2K

(1) HHE 2% F 5t P 4 JB G 3R 9 A P R 23
AR 5 Bl 22 A A TR AP S e T, s FOHE LA
VR A SE A Pl AT B A T A, PR 7™ Bl 2 [R] i S
B ZR O R A A R — 2B A . BT
R AT E BRI B

(2) “UpF A" 2 LR AT AR AR R, 25
H A RA ZRE A A M MR T Bei e
12 FHA5 2 77 T B0 AR o B[] 80 A D) 5 i 9 22 R
PREE A R R PR L RS

(3) MM R s A <5 e A 7 b ) B £ 107 L s
EEEIEPIvENCE SRR U EDWSTE R Y-S i
AR S S B, LA F A3 A R R S S, LA
777 B AR A ZR A a0 P[] B8 2 S5, B [

gt AR AR B8t P A o A 8 JONE 2 b o B8 A AT
55 BFER -, A LA AR SO < A7 A 3 R
FITF I HUF AT, HRATAHIN (4 5 PR sl 3R 7 A AE,
BB BEREE S T AR R A BRI

(4) B ZR R 4 SR A 7 B ) B 4 (B O
FHRATRNT A% U (R RE AL 35« 18 2036 G 2RI Sy M2
VRO TR AR AT, B A BOR B9 P R S, B A TR
(R IIR A, IR AR A5

2% X #k (References):

(11 bk, e, BADT, 55 BERT 7RI R (). hiE
R, 2014, 26(11): 1-11.
SUN Shenglin, WU Guoqiang, CAO Daiyong, et al. Mineral re-
sources in coal measures and development trend[J]. Coal Geology of
China, 2014, 26(11): 1-11.


https://doi.org/10.3969/j.issn.1674-1803.2014.11.01
https://doi.org/10.3969/j.issn.1674-1803.2014.11.01
https://doi.org/10.3969/j.issn.1674-1803.2014.11.01
https://doi.org/10.3969/j.issn.1674-1803.2014.11.01

5514

A A S AR SO P T A B I B8 A S S R AR RMEZR T

491

(2]

(3]

(4]

(3]

(6]

(7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]
[15]

HACH, RELL Kon, . SREA R RIS ML A R
BT[], R 24R, 2016, 41(9): 2150-2155.
CAO Daiyong, QIN Guohong, ZHANG Yan, et al. Classification and
combination relationship of mineral resources in coal measures[J].
Journal of China Coal Society, 2016, 41(9): 2150-2155.
ARG, AR, SRS 2R PP AR A 7 B IR — MBS
FALAAILT]. h RS, 2009, 21(10): 1-4.
REN Deyi, DAI Shifeng. Potential coexisting and associated mineral
resources in coal and coal-bearing strata—An issue should pay close
attention to[J]. Coal Geology of China, 2009, 21(10): 1—4.
ARG, A48, J8 SOF, 5 BRI A SR 0K iE2E R A7
AAEFIAHIE 9], BRI, 2014, 39(8): 1707-1715.
DALI Shifeng, REN Deyi, ZHOU Yiping, et al. Coal-hosted rare met-
al deposits: Genetic types, modes of occurrence, and utilization eval-
uation[J]. Journal of China Coal Society, 2014, 39(8): 1707-1715.
FRt0g, X, B, 5. P IEDRER h OGS R BT AT RIS )
AR[I]. Bl 2020, 65(33): 3715-3729.
DAI Shifeng, ZHAO Lei, WEI Qiang, et al. Resources of critical
metals in coal-bearing sequences in China: Enrichment types and dis-
tribution[J]. Chinese Science Bulletin, 2020, 65(33): 3715-3729.
AR, St v, BT, S8, MEFR T P 3 s 7 B R T SO Bk
D). BEAR2EAR, 2022, 47(5): 1743—-1749.
DAI Shifeng, LIU Chiyang, ZHAO Lei, et al. Strategic metal re-
sources in coal-bearing strata: Significance and challenges[J]. Journ-
al of China Coal Society, 2022, 47(5): 1743—1749.
SEREDIN V V. From coal science to metal production and environ-
mental protection: A new story of success[J]. International Journal of
Coal Geology, 2012, 90-91: 1-3.
SEREDIN V V, DAI Shifeng, SUN Yuzhuang, et al. Coal deposits as
promising sources of rare metals for alternative power and energy-ef-
ficient technologies[J]. Appl Geochem, 2013, 31: 1-11.
DAI Shifeng, REN Deyi, CHOU Chenlin, et al. Geochemistry of
trace elements in Chinese coals: A review of abundances, genetic
types, impacts on human health, and industrial utilization[J]. Interna-
tional Journal of Coal Geology, 2012, 94(1): 3—21.
DAI Shifeng, FINKELMAN R B. Coal as a promising source of
critical elements: Progress and future prospects[J]. International
Journal of Coal Geology, 2018, 186: 155—164.
DALI Shifeng, ARBUZOV S I, CHEKRYZHOV 1Y, et al. Metalli-
ferous coals of Cretaceous age: A review[J]. Minerals, 2022, 12:
1-51.
TR, XS, E AU, S5 FRE SRR BRI S R —
A ELT]. R E TR A, 2023, 10(5): 1-8.
WANG Denghong, LIU Shanbao, WANG Chenghui, et al. Review
on the progress of prospecting for three types of rare mineral re-
sources in China and suggestions for the new round of
prospecting[J]. Geological Survey of China, 2023, 10(5): 1-8.
P, SRR, HIEE, 55 RS E R TR IR S
B[], thERRE S, 2019, 30(2): 106-111.
ZHAI Mingguo, WU Fuyuan, HU Ruizhong, et al. Critical metal
mineral resources: Current research status and scientific issues[J].
China Science Foundation, 2019, 30(2): 106—111.
JEE S, BOOH. AP EMEPRUE TR M. JET: BI55ETH1E, 2004,
FEAEIR, XA, (U, 55 REAROE TR IR b2 M), bt Fl

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

2 Hi AL, 2006.

KETRIS M P, YUDOVICH Y E. Estimations of clarkes for carbon-
aceous biolithes: World averages for trace element contents in black
shales and coals[J]. International Journal of Coal Geology, 2009,
78(2): 135-148.

FINKELMAN R B, PALMER C A, WANG P. Quantification of the
modes of occurrence of 42 elements in coal[J]. International Journal
of Coal Geology, 2018, 185: 138—160.

DALI Shifeng, YAN Xiaoyun, WARD C R, et al. Valuable elements
in Chinese coals: A review[J]. International Journal of Coal Geology,
2016, 60(5-6): 590—620.

AR, Z3iAe Piin, 55, WA S R T BT k)], KH
Mt 5 E 2, 2021, 45(5): 963-982.

DAI Junfeng, LI Zenghua, XU Deru, et al. Coal-hosted critical met-
al deposits: A review[J]. Geotectonica et Metallogenia, 2021, 45(5):
963-982.

ZEEPR, AR BT, S R SR DGR R TT 3R (Y M BR fL R AE
B RALFI ] BEDRI AR, 2022, 50(3): 1-38.

QIN Shenjun, XU Fei, CUI Li, et al. Geochemistry characteristics
and resource utilization of strategically critical trace elements from
coal-related resources[J]. Coal Science and Technology, 2022, 50(3):
1-38.

BT, EVaEy, At R P AR . B B
T II[0]. BB, 2022, 47(5): 1750-1760.

ZHAO Lei, WANG Xibo, DAI Shifeng. Lithium resources in coal-
bearing strata: Occurrence, mineralization, and resource potential[J].
Journal of China Coal Society, 2022, 47(5): 1750—1760.
FINKELMAN R B. Trace elements in coal[J]. Biological Trace Ele-
ment Research, 1999, 67(3): 197-204.

DAI Shifeng, FINKELMAN R B, FRENCH D, et al. Modes of oc-
currence of elements in coal: A critical evaluation[J]. Earth-Science
Reviews, 2021, 222: 103815.

QIN Shenjun, LU Qingfeng, LI Yanheng, et al. Relationships
between trace elements and organic matter in coals[J]. Journal of
Geochemical Exploration, 2018, 188: 101-110.

PATEL M, KARAMALIDIS A K. Germanium: A review of its US
demand, uses, resources, chemistry, and separation technologies[J].
Separation and Purification Technology, 2021, 275: 1-20.

JIU Bo, HUANG Wenhui, SPIRO B, et al. Distribution of Li, Ga,
Nb, and REEs in coal as determined by LA-ICP-MS imaging: A
case study from Jungar coalfield, Ordos Basin, China[J]. Interna-
tional Journal of Coal Geology, 2023, 267: 1-14.

SEREDIN V V, FINKELMAN R B. Metalliferous coals: A review
of the main genetic and geochemical types[J]. International Journal
of Coal Geology, 2008, 76: 253—289.

BSOME, TR, AENI, 45 NSE AR RN AR -850 PROC R b
BRAEAPE A FELT). HB2E TR, 2008, 15(4): 56-64.

HUANG Wenhui, WAN Huan, DU Gang, et al. Research on ele-
mental geochemical characteristics of coal-Ge deposit in Shengli
coalfield, Inner Mongolia, China[J]. Earth Science Frontiers, 2008,
15(4): 56—64.

WEI Qiang, CUI Chaonan, DAI Shifeng. Organic-association of Ge
in the coal-hosted ore deposits: An experimental and theoretical ap-

proach[J]. Ore Geology Reviews, 2020, 117: 103291.


https://doi.org/10.1360/TB-2020-0112
https://doi.org/10.1360/TB-2020-0112
https://doi.org/10.1016/j.coal.2011.11.006
https://doi.org/10.1016/j.coal.2011.11.006
https://doi.org/10.1016/j.apgeochem.2013.01.009
https://doi.org/10.1016/j.coal.2017.06.005
https://doi.org/10.1016/j.coal.2017.06.005
https://doi.org/10.1016/j.coal.2009.01.002
https://doi.org/10.1016/j.coal.2017.09.005
https://doi.org/10.1016/j.coal.2017.09.005
https://doi.org/10.1007/BF02784420
https://doi.org/10.1007/BF02784420
https://doi.org/10.1007/BF02784420
https://doi.org/10.1016/j.earscirev.2021.103815
https://doi.org/10.1016/j.earscirev.2021.103815
https://doi.org/10.1016/j.earscirev.2021.103815
https://doi.org/10.1016/j.earscirev.2021.103815
https://doi.org/10.1016/j.gexplo.2018.01.015
https://doi.org/10.1016/j.gexplo.2018.01.015
https://doi.org/10.1016/j.coal.2008.07.016
https://doi.org/10.1016/j.coal.2008.07.016
https://doi.org/10.3321/j.issn:1005-2321.2008.04.007
https://doi.org/10.3321/j.issn:1005-2321.2008.04.007
https://doi.org/10.1016/j.oregeorev.2019.103291

492

%X

% 2024 4E5F 49 %

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

ESKENAZY G M. Aspects of the geochemistry of rare earth ele-
ments in coal: An experimental approach[J]. International Journal of
Coal Geology, 1999, 38(3—4): 285-295.

SO, 253, XUABTAE, 2. NS TS AR B G P R 0 A1 T
SR M. thERRE sBRERE, 2011, 14(2): 181-196.
WANG Wenfeng, QIN Yong, LIU Xinhua, et al. Distribution, oc-
currence and enrichment genesis of gallium in Zhungeer coalfield,
Inner Mongolia[J]. Science China Earth Sciences, 2011, 14(2):
181-196.

SUN Yuzhuang, ZHAO Cunliang, LI Yanheng, et al. Li distribution
and mode of occurrences in Li-bearing coal seam#6 from the Guan-
banwusu Mine, Inner Mongolia, Northern China[J]. Energy Explor-
ation & Exploitation, 2012, 30(1): 109—130.

FOOOW, AL, 2500 R T oA R ST R i
[9]. BEACEAAR, 2019, 44(1): 287-294.

HUANG Wenhui, JIU Bo, LI Yuan. Distribution characteristics of
rare earth elements in coal and its prospects on development and ex-
ploitation[J]. Journal of China Coal Society, 2019, 44(1): 287-294.
ZHAO Lei, DAI Shifeng, NECHAEV V P, et al. Enrichment origin
of critical elements (Li and rare earth elements) and a Mo-U-Se-Re
assemblage in Pennsylvanian anthracite from the Jincheng
Coalfield, southeastern Qinshui Basin, northern China[J]. Ore Geo-
logy Reviews, 2019, 115: 103184.

LIU Zhifei, WEI Yingchun, NING Shuzheng, et al. The differences
of element geochemical characteristics of the main coal seams in the
Ningdong coalfield, Ordos Basin[J]. Journal of Geochemical Ex-
ploration, 2019, 202: 77-91.

BRI, EI5HE, ] SO, 45 IR IX 2 S i JUR B AR
fEZESPERFIE)]. BEBAHR, 2020, 45(4): 1473-1487.

WEI Yingchun, HUA Fanghui, HE Wenbo, et al. Difference of trace
elements characteristics of No. 2 coal in Fengfeng mining area[J].
Journal of China Coal Society, 2020, 45(4): 1473—1487.

WEI Yingchun, HE Wenbo, QIN Guohong, et al. Lithium enrich-
ment in the No. 21 Coal of the Hebi No. 6 Mine, Anhe Coalfield,
Henan Province, China[J]. Minerals, 2020, 10: 521.

WEI Yingchun, HE Wenbo, QIN Guohong, et al. Mineralogy and
geochemistry of the lower Cretaceous coals in the Junde Mine,
Hegang Coalfield, Northeastern China[J]. Energies, 2022, 15: 5078.
XHEEE, T, BRI, 55 iR R B AR EE R R
(7] S5 FH T S5 B4R, 2001, 29(4): 1-4.

LIU Guijian, PENG Zicheng, YANG Pingyue, et al. Mian factors
controlling concentration of trace element in coal[J]. Coal Geology
& Exploration, 2001, 29(4): 1-4.

HACH, BUUR, REL, . HRREE SR CR E RN 1
TP (], 4 H b BT 5 4R, 2023, 51(1): 66-85.

CAO Daiyong, WEI Yingchun, QIN Guohong, et al. Tectonic con-
trol on enrichment and metallogenesis of strategic metal elements in
coal measures[J]. Coal Geology & Exploration, 2023, 51(1): 66—85.
SWAINE D J. The organic association of elements in coals[J]. Org
Geochem, 1992, 18(3): 259-261.

BOSOHE, I0hEE, THIESE, 4. NS EA XA B8 3 5 e 23
ATHVELLD). o241, 2007, 32(11): 1147-1151.

HUANG Wenhui, SUN Lei, MA Yanying, et al. Distribution and
geological feature of the Coal-Ge deposit of Shengli coalfield in In-

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

ner Mongolia of China[J]. Journal of China Coal Society, 2007,
32(11): 1147-1151.

DALI Shifeng, WANG Xibo, SEREDIN V V, et al. Petrology, miner-
alogy, and geochemistry of the Ge-rich coal from the Wulantuga Ge
ore deposit, Inner Mongolia, China: New data and genetic implica-
tions[J]. International Journal of Coal Geology, 2012, 105: 141.
I, BOOKE, EETE, AF. i E R BURE - R AR S
Je: LAz i v RN 52 7ty 1 2 R DB ™ PR W 81 0. 321 %
2016, 23(3): 113—123.

WANG Tinghao, HUANG Wenhui, YAN Deyu, et al. Progress of
research on mineralization mode of large coal-Ge deposits in China:
Coal-Ge deposit in Wulantuga of Inner Mongolia and Lincang of
Yunan[J]. Geoscience Frontiers, 2016, 23(3): 113—123.

DAI Shifeng, REN Deyi, CHOU Chenlin, et al. Mineralogy and
geochemistry of the No.6 Coal (Pennsylvanian) in the Junger
Coalfield, Ordos Basin, China[J]. International Journal of Coal Geo-
logy, 2006, 66(4): 253-270.

SUN Yuzhuang, ZHAO Cunliang, QIN Shenjun, et al. Occurrence
of some valuable elements in the unique‘high-aluminium coals’
from the Jungar Coalfield, China[J]. Ore Geology Reviews, 2016,
72: 659-668.

QIN Guohong, CAO Daiyong, WEI Yingchun, et al. Geochemical
characteristics of the Permian coals in the Junger-Hebaopian mining
district, northeastern Ordos Basin, China: Key role of paleopeat-
forming environments in Ga-Li-REY enrichment[J]. Journal of Geo-
chemical Exploration, 2020, 213: 106494.

SOKOL K, ADRIAN A, FINCH A A, et al. Quantifying metasomat-
ic high-field-strength and rare-earth element transport from alkaline
magmas[J]. Geology, 2021, 50(3): 305-310

DAI Shifeng, NECHAEV V P, CHEKRYZHOV 1Y, et al. A model
for Nb-Zr-REE-Ga enrichment in Lopingian altered alkaline volcan-
ic ashes: Key evidence of H-O isotopes[J]. Lithos, 2018, 302—303:
359-369.

X ot i, SRR, X TS, S5 BN P S I A U G B 4 S
HE MY FORIR[T]. AR, 2022, 47(5): 1782-1794.

LIU Jingjing, HAN Qiuchan, ZHAO Shumao, et al. The sources of
abnormally enriched critical metals in the Late Permiancoals of
Western Guizhou Province[J]. Journal of China Coal Society, 2022,
47(5): 1782-1794.

ZEEIR, BT, TRIE, 5 -8 ()-8 BH)-EMs L. iE
PR EHNE—LI S I E B X F S5 R R B[]
HERAFHM, 2022, 47(5): 1822-1839.

LI Baoqing, ZHUANG Xinguo, NING Shuzheng, et al. Mobiliza-
tion, migration, and enrichment mechanism of rare earthelements-
Zr(Hf)-Nb(Ta)-Ga: A case study of coal-bearing strata within Up-
per Permian Wujiaping Formation in Wuzhengdao region[J]. Journ-
al of China Coal Society, 2022, 47(5): 1822—1839.

SHEN Minglian, DAI Shifeng, VICTOR P, et al. Provenance
changes for mineral matter in the latest Permian coals from western
Guizhou, southwestern China, relative to tectonic and volcanic
activity in the Emeishan Large Igneous Province and Paleo-Tethys
region[J]. Gondwana Research, 2023, 113: 71-88.

YANG Pan, DAI Shifeng, VICTOR P, et al. Modes of occurrence of
critical metals (Nb-Ta-Zr-Hf-REY-Ga) in altered volcanic ashes in


https://doi.org/10.1016/S0166-5162(98)00027-5
https://doi.org/10.1016/S0166-5162(98)00027-5
https://doi.org/10.1016/j.gexplo.2019.03.018
https://doi.org/10.1016/j.gexplo.2019.03.018
https://doi.org/10.1016/j.gexplo.2019.03.018
https://doi.org/10.3969/j.issn.1001-1986.2001.04.001
https://doi.org/10.3969/j.issn.1001-1986.2001.04.001
https://doi.org/10.3969/j.issn.1001-1986.2001.04.001
https://doi.org/10.12363/issn.1001-1986.22.09.0734
https://doi.org/10.12363/issn.1001-1986.22.09.0734
https://doi.org/10.1016/0146-6380(92)90067-8
https://doi.org/10.1016/0146-6380(92)90067-8
https://doi.org/10.3321/j.issn:0253-9993.2007.11.006
https://doi.org/10.3321/j.issn:0253-9993.2007.11.006
https://doi.org/10.1016/j.coal.2005.08.003
https://doi.org/10.1016/j.coal.2005.08.003
https://doi.org/10.1016/j.coal.2005.08.003
https://doi.org/10.1016/j.oregeorev.2015.09.015
https://doi.org/10.1016/j.gexplo.2020.106494
https://doi.org/10.1016/j.gexplo.2020.106494
https://doi.org/10.1016/j.gexplo.2020.106494
https://doi.org/10.1016/j.lithos.2018.01.005
https://doi.org/10.1016/j.gr.2022.10.011

5514

AT A S R AR R S A I R B A P 5 AR AR AR AESR

A 493

[54]

[55]

[56]

(571

[58]

[59]

[60]

[61]

[62]

[63]

[64]

the Xuanwei Formation, eastern Yunnan Province, SW China: A
quantitative evaluation based on sequential chemical extraction[J].
Ore Geology Reviews, 2023, 106: 105617.

B, 250, WU, 45, FREM SR RS R P A
BEHARIED]. BorBlA4ER, 2023, 51(12): 27-41.

WEI Yingchun, LI Xin, CAO Daiyong, et al. Cooperative explora-
tion methods of coal and strategic metal resources in coal-bearing
strata in China[J]. Coal Science and Technology, 2023, 51(12):
27-41.

FRHES, T, FEI. o RS A S i h B e
FE[I]. P ERRH L, 1988: 93-104.

ZHANG Shuling, WANG Shuying, YIN Jinshuang. A study on the
forms of existence of germanium in uranium-bearing coals Bangmai
basin of Yunnan[J]. China Nuclear Science and Technology Report,
1988: 93—-104.

REEFaE, 8 SCOME, VEIEAE, 55 MOS0 X M 0 A LA
SR HLBIIHTI]. RS, 2016, 28(2): 1-6.

LIN Kunqi, HUANG Wenhui, WANG Yuanzheng, et al. Germani-
um-rich coal distribution pattern and metallogenic mechanism ana-
lysis in Wumuchang District, Yimin Coalfield[J]. Coal Geology of
China, 2016, 28(2): 1-6.

ZHUANG Xinguo, XAVIER Querol, Andrés Alastuey, et al. Geo-
chemistry and mineralogy of the Cretaceous Wulantuga high-ger-
manium coal deposit in Shengli coal field, Inner Mongolia, North-
eastern China[J].
66(1/2): 119-136.
AU, ATAE0G, 22 A . P58 Tt YEAR J R R BB IR 1 & BT,
Rl R, 2006, 51(2): 177-185.

DAI Shifeng, REN Deyi, LI Shengsheng. Discovery of super large

International Journal of Coal Geolog, 2006,

gallium deposit in Junge, Inner Mongolia[J]. Chinese Science Bul-
letin, 2006, 51(2): 177-185.

ZHAO Lei, SUN Jihua, GUO Wenmu, et al. Mineralogy of the
Pennsylvanian coal seam in the Datanhao Mine, Daqingshan
Coalfield, Inner Mongolia, China: Genetic implications formineral
matter in coal deposited in an intermontane basin[J]. International
Journal of Coal Geology, 2016, 167: 201-114.

TRIE, REGR, XS], 4. b ERE PG RITEREY T M. A
5 BEA L, 2019.

ZHAO Lei, WARD C R, FRENCH D, et al. Origin of a kaolinite-
NH_-illite-pyrophyllite-chlorite assemblage in a marine-influenced
anthracite and associated strata from the Jincheng Coalfield, Qinshui
Basin, Northern China[J]. International Journal of Coal Geology,
2018, 185: 61-78.

ZHANG Fugiang, LI Baoqing, ZHUANG Xinguo, et al. Geological
controls on enrichment of rare earth elements and yttrium (REY) in
late Permian coals and non-coal rocks in the Xian’an Coalfield,
Guangxi Province[J]. Minerals, 2021, 11: 301.

A, BEAEYR, WIS RE, 55, SRR St A st X AR 2 R AR
B SE R [J]. HBRRHF 5B, 2006, 28(4): 31-37.

YANG Renchao, HAN Zuozhen, LIU Yiqun, et al. Relationship
between Jurassic coal measures and uranium deposits in Dongsheng
area, Ordos basin[J]. Journal of Earth Sciences and Environment,
2006, 28(4): 31-37.

FZE, W Oy . PR AL G PR R R B R 2 8] A 5 sl ey

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

AEWFFE[T). FP U, 2009, 36(3): 705-713.

WANG Jun, GENG Shufang. Characteristics of the interlayer oxida-
tion zone and the Kujieertai uranium deposit in Yili Basin[J]. Geo-
logy in China, 2009, 36(3): 705—713.

Bk, 2R ar, o, 45, i i by B 5B a2 T AT R AL
EBST). AT, 2020, 36(5): 441-452.

YANG Longquan, LI Bihong, ZHAO Dan, et al. Numerical simula-
tion for radon migration in the homogeneous overburden layer
above uranium ore body[J]. Uranium Geology, 2020, 36(5):
441-452.

WANG Peipei, YAN Xiaoyun, GUO Wenmu, et al. Geochemistry
of trace elements in coals from the Yueliangtian Mine, Western
Guizhou, China: Abundances, Modes of Occurrence, and Potential
Utilization[J]. 2016, 30(12):
10268-10281.

ZHAO Lixin, DAI Shifeng, GRAHAM I T, et al. New insights into

the lowest Xuanwei Formation in eastern Yunnan Province, SW

Industrial Energy & Fuels,

China: Implications for Emeishan large igneous province felsic tuff
deposition and the cause of the end-Guadalupian mass extinction[J].
Lithos, 2016, 264: 375-391.

LUO Yangbing. Regional distribution of hazardous elements in late
Permian Coal Southern Sichuan, China[J]. Advanced Materials Re-
search, 2013, 868: 370-373.

DAI Shifeng, LUO Yangbing, SEREDIN V V, et al. Revisiting the
late Permian coal from the Huayingshan, Sichuan, southwestern
China: Enrichment and occurrence modes of minerals and trace ele-
ments[J].
110—-128.
WA, A, AT, 45, oh B IR LR A A B AR iR R L
FI[I1. v R % U, 2009, 21(6): 1-5.

XU Shuishi, WANG Tong, SUN Shenglin, et al. New architecture

International Journal of Coal Geology, 2014, 122:

of integrated coal resource exploration technology in China[J]. Coal
Geology of China, 2009, 21(6): 1-5.

TRIE, B, K%, S R P BHREE S PN FOR I AR
BN TP EHE, 2019, 28(1): 73-79.

NING Shuzheng, CAO Daiyong, ZHU Shifei, et al. Discussion on
comprehensive evaluation technical method of coal resources[J].
China Mining Magazine, 2019, 28(1): 73—79.

TR, B AR AT R X A A i 2T R EER (D). E
RHLST, 2014, 26(5): 14-17.

ZHANG Lusuo, CHANG Minghua. Joint Exploration of multiple
minerals in Hebei Plain coal exploration[J]. Coal Geology of China,
2014, 26(5): 14-17.

Berhgs, tRimi b, BUBR. IR D2 & A S IP M ROR Y 3R
AJEIN ], o B, 2015, 27(9): 1-4, 17.

DUAN Zhonghui, XU Gaozhong, HE Xiaolang, et al. On basic prin-
ciples in integrated coal exploration in company with uranium and
evaluation technology[J]. Coal Geology of China, 2015, 27(9):
1-4,17.

ylaA:, k. K B TS G R SRR AE S SRR
I [T]. B4R, 2018, 43(6): 1553—1564.

YI Tongsheng, GAO Wei. Reservoir formation characteristics as
well as co-exploration and co-mining orientation of Upper Permian

coalbearing gas in Liupanshui Coalfield[J]. Journal of China Coal


https://doi.org/10.3969/j.issn.1674-1803.2016.02.01
https://doi.org/10.3969/j.issn.1674-1803.2016.02.01
https://doi.org/10.3969/j.issn.1674-1803.2016.02.01
https://doi.org/10.3321/j.issn:0023-074X.2006.02.011
https://doi.org/10.3321/j.issn:0023-074X.2006.02.011
https://doi.org/10.3321/j.issn:0023-074X.2006.02.011
https://doi.org/10.3321/j.issn:0023-074X.2006.02.011
https://doi.org/10.1016/j.coal.2016.10.006
https://doi.org/10.1016/j.coal.2016.10.006
https://doi.org/10.1016/j.coal.2017.11.013
https://doi.org/10.3969/j.issn.1672-6561.2006.04.006
https://doi.org/10.3969/j.issn.1672-6561.2006.04.006
https://doi.org/10.3969/j.issn.1000-3657.2009.03.017
https://doi.org/10.3969/j.issn.1000-3657.2009.03.017
https://doi.org/10.3969/j.issn.1000-3657.2009.03.017
https://doi.org/10.3969/j.issn.1000-0658.2020.05.014
https://doi.org/10.3969/j.issn.1000-0658.2020.05.014
https://doi.org/10.1016/j.lithos.2016.08.037
https://doi.org/10.4028/www.scientific.net/AMR.868.370
https://doi.org/10.4028/www.scientific.net/AMR.868.370
https://doi.org/10.4028/www.scientific.net/AMR.868.370
https://doi.org/10.1016/j.coal.2013.12.016
https://doi.org/10.3969/j.issn.1674-1803.2009.06.001
https://doi.org/10.3969/j.issn.1674-1803.2009.06.001
https://doi.org/10.3969/j.issn.1674-1803.2009.06.001
https://doi.org/10.12075/j.issn.1004-4051.2019.01.028
https://doi.org/10.12075/j.issn.1004-4051.2019.01.028
https://doi.org/10.3969/j.issn.1674-1803.2014.05.03
https://doi.org/10.3969/j.issn.1674-1803.2014.05.03
https://doi.org/10.3969/j.issn.1674-1803.2014.05.03
https://doi.org/10.3969/j.issn.1674-1803.2015.09.01
https://doi.org/10.3969/j.issn.1674-1803.2015.09.01

494 # % F (4 2024 4E55 49 %
Society, 2018, 43(6): 1553—1564. [83] #JOA4, YEIEE, frHehe, 55, KR 3 A B & — U R )

[75] AR, BUEER, M), 45, B BT A S IEAT M. 2 iR TR AERAREER]. WIS IR, 2022, 46(3): 597-607.

FE R A, 2021. HUANG Xuzhao, FAN Zhengguo, HE Jingzi, et al. A collaborative

[76] fHRBE, TH, TAER]. ZRREIRT 7= 0y R B bR S e airborne, ground, and borehole exploration technology system for
PEER T B R FH[I]. P E LT, 2007, 34(3): 486—489. concealed magmatic copper-nickel deposits[J]. Geophysical and
WU Tianhong, WANG Yi, WANG Chuangang. Geophysical indic- Geochemical exploration, 2022, 46(3): 597—607.
ators of oil, natural gas, coals, sandstone uranium and their applica- [84] IIAS, FEZ [, XIJC, 5. P EIER SEES MBI ZBR S
tions in co-exploration of multiple energy minerals[J]. Geology in KRR P EHLT, 2023, 50(3): 730-742.

China, 2007, 34(3): 486—489. SUN Jie, CHENG Aiguo, LIU Kang. The current situation and de-

[77]1 #AER, 5, FALRI, 45, PR 2 Wi a2 Fh BB IR =43 A FRAE velopment trend of coordinated exploration and development of coal
SRR ] HF2dR, 2010, 84(4): 579-586. and coalbed methane in China[J]. Geology in China, 2023, 50(3):
YANG Weili, WANG Yi, WANG Chuangang, et al. Distribution 730-742.
and co-exploration of multiple energy minerals in Ordos Basin[J]. [85] A&, IMAS, VLU, 45 JH e A 25 b B i A S A 4R 5 R4 () R ).
Acta Geologica Sinica, 2010, 84(4): 579-586. PR, 2020, 45(1): 276-284.

[78] FEZ, iEA], AE, é% gﬁAﬁ‘iﬁﬁL}tlﬁ WAAFE RN () 74 WANG Tong, SUN Jie, JIANG Tao, et al. Basic configuration and

ERS AU EREPN SRR 22 357 4 b kg 491 [J]. HbU R A L 2014, scientific problems of coal eco-geological survey[J]. Journal of
88(5): 815-824. China Coal Society, 2020, 45(1): 276—284.
WANG Yi, YANG Weili, DENG Jun, et al. Accumulation system [86] WANG Tong, SUN lJie, LIN Zhongyue, et al. Coordinated explora-
of cohabitating multi-energy minerals and their comprehensive ex- tion model and its application to coal and coal-associated deposits in
ploration in sedimentary Basin-A case study of Ordos Basin, NW coal basins of China[J]. Acta Geologica Sinica (English Edition),
China[J]. Acta Geologica Sinica, 2014, 88(5): 815-824. 2021, 95(4): 1346—1356.

[79] Z=dihe, B4, EMUL, 55 Z R8I 7 U R M 2 2 SRR IR R [87] CAO Daiyong, LIN Zhongyue, WEI Yingchun, et al. Types and
T[], P E R R HLB, 2011, 23(4): 68—72. models of coal-deposit exploration in China[J]. Energy Exploration
LI Zengxue, WANG Tong, WANG Huaihong, et al. Theory and & Exploitation, 2011, 29(4)- 495-515.
technical system study on multiple energy mineral resources explor- [88] FHME, WACH, INFIG, 5. MR P RIRSE G A B
ation in coordination[J]. Coal Geology of China, 2011, 23(4): [Cl/Hh E M Bk HL 2 2. 1 i A E A 7= A K498 4R, 2021
68-72. 239-242.

[80] ZEM42%:, EARZR, BORM, 46, BER W7 28U K W [al A i o0 it e [89] e N RILANE E ZARME. 07 7= BEIRER A WA P-4 HLSE: GB/T
Wit 3t B~ — SO M & A MLE AL IR D], BEsR B2 4R, 2018, 25283—2023[S]. bxt: HPIEpRAEH AEE, 2023,

46(4): 164—176. [90] CHEN Tongjun, SONG Xiong. Are coal-hosted gallium-rich ores
LI Zengxue, WANG Dongdong, LU Dawei, et al. Study progress on elastically detectable: A rock-physics modeling perspective[J]. Min-
coal measure mineral type and coordinated exploration: discussion erals, 2022, 12: 1619.

on conception standardized issues of coal geology[J]. Coal Science [91] BAREE, WrFH, M. EUZ Db ihn R S AR R P v 5 = AL
and Technology, 2018, 46(4): 164—176, 201. FEFSE[T]. HBBETE, 2017, 63(S1): 55-56.

[81] St KOO, T3 . BELE R 5 X 20 R E A S CHEN Cong, YU Xiang, CHEN Tao. Study on the mechanism of
5&4\14&% BTt JR 0. v [ e s, 2020, 32(9): 150-154, magnetic Anomaly in the redox transitional zone of Bayan Ulaurani-
166. um deposit[J]. Geological Review, 2017, 63(S1): 55-56.

WANG Huaihong, ZHANG Xinbin, WANG Yongjun, et al. Pro- [92] KW 7R Tl SR F WY Ze 25, 77 % IR ol 2SR M.
gress in research on multi-mineral co-exploration theory and techno- dtat: HuT s ARAE, 2010.

logy system in mega thick overburden area to the north of Yellow [93] FhEM:, BAFR, B, 55 Bh Rt A 4R T R LR AR H
River[J]. Coal Geology of China, 2020, 32(9): 150—154,166. FEFRERIT[I]. IR 2E4R, 2014, 39(4): 744-748.

[82] HHRRICL, MRrhib, RIS, 55 vh—r A= AQ AT bl DI 5] B8 A % %of SUN Yuzhuang, ZHAO Cunliang, LI Yanheng. Minimum mining
FHLT]. B TE, 2022, 68(3): 945-954. grade of the selected trace elements in Chinese coal[J]. Journal of
HAN Xiaozhong, LIN Zhongxiang, WU Zhaojian, et al. Co-explora- China Coal Society, 2014, 39(4): 744-748.
tion of coal and uranium and related policy suggestions[J]. Geolo- [94] Hrde A RILANE E Z AR A Moo R & g BN 30

gical Review, 2022, 68(3): 945-954.

GB/T 41042—2021[S]. dt.5T: H EARAEH AL, 2021,


https://doi.org/10.3969/j.issn.1000-3657.2007.03.018
https://doi.org/10.3969/j.issn.1000-3657.2007.03.018
https://doi.org/10.3969/j.issn.1000-3657.2007.03.018
https://doi.org/10.3969/j.issn.1674-1803.2011.04.15
https://doi.org/10.3969/j.issn.1674-1803.2011.04.15
https://doi.org/10.3969/j.issn.1674-1803.2020.09.25
https://doi.org/10.3969/j.issn.1674-1803.2020.09.25
https://doi.org/10.1111/1755-6724.14495

	1 煤系战略性金属的基本特点
	1.1 煤系战略性金属元素的微量性
	1.2 赋存状态的复杂性
	1.3 组合类型的多样性
	1.4 富集层位的差异性
	1.5 空间分布的不均匀性
	1.6 由微量元素到金属矿产

	2 协同勘查概念的形成与发展
	2.1 演变历史
	2.2 对协同勘查的理解

	3 协同勘查理论与技术方法
	3.1 煤与煤系战略性金属协同勘查的原则
	3.2 协同勘查模型与协同勘查理论与技术方法框架

	4 协同勘查的核心问题
	4.1 协同勘查对象的确定
	4.2 协同勘查技术手段的选择
	4.3 勘查工程布置与控制程度
	4.4 资源量的科学估算

	5 结　　论
	参考文献

