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Abstract; Based on the zoning pattern and the deformation sieving of tectonic lithofacies, as well as the macroscopic
and microscopic studies of tectonic lithofacies, the superimposed mineralization systems and the Gejiu ore-concentrated
area in Yunnan has been studied. The relationship among the enrichment mechanism of strategic key minerals, the
superimposed mineralization, and the pattern of tectonic lithofacies has been uncovered. It was believed that the Triassic
arc-back rift basin at the pre-magmatic intrusive stage, the tectonic system of magmatic intrusion at the syn-magmatic
intrusive stage, and the karstic tectonic system at the post-magmatic intrusive stage, all of them are of syn-space
superimposing lithofacies and mineralizations within different time domains and syn-time lithofacies differentiation. All of
them had different controls on the Gejiu superimposed mineral system and Sn-Cu-W-Co-Cs-Rb mineralization. There are
9 vertical tectonic lithofacies zones (VIZs) in different patterns of VIZs around the Gejiu superimposed mineralization
system. Firstly, the light-colored granite (VIZ8) and crystal-nucleus lithofacies of magmatic pneumatolytic hydrotherm
(VTZ9) , being the tectonic lithofacies of syn-magmatic intrusive stage for the biotite granite (yK,a-b-c), was formed at
the top and on the edges of the granite intrusion. Secondly, skarn alteration lithofacies to skarmn lithofacies (VIZ7) in
the magma-contact metasomatic tectonic lithofacies zone is the tectonic lithofacies zone for coupling reaction by the strata
and the magmatic system at the syn-magmatic intrusion. Thirdly, on the one hand, cryptoexplosive brecciation of
magmatic pneumatolytic hydrotherm enriching in residual magma was forced into the Middle Triassic Gejiu Group,
resulted in the magmatic hydrothermal plume and lithofacies zones of tourmaline-hydrothermal cryptoexplosive breccias

(VTZ6). On the other hand, the upper part of the fault-fold-type carbonate layer (VIZ4), the marble lithofacies with
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cataclastic facies and the cataclastic tourmaline-marble lithofacies (VTZ5) , and stratiform-like Sn-bearing dolomite with
cataclastic facies (VIZ3) in the farthermost-end part, were formed by tectonic hydrothermal coupling derived in the syn-
magmatic intrusive stage from the underlying magmatic hydrothermal plume. Fourthly, the alkaline picritic rocks and
alkaline volcanicrocks, and their volcanic erupting structure in the Triassic arc-back rift basin were the tectonic
lithofacies at the pre-magmatic intrusive stage. Fifthly, the erosion-level in the Yungui plateau ( VIZ1) and the
supergene karstic tectonic system ( VIZ2) were formed in the post-magmatic intrusive stage; however, they (VTZI,
VTZ2) were superimposed on the tectonic system of the syn-magmatic intrusion (VIZ3, VTZ4, VIZ5, V176, VTZ7,
VTZ8, VTZ9). The above achievements are foundations of innovated theory for the deep-probe and the modeling
prediction for the buried tectonic lithofacies in the area.

Key words: superimposed mineralization system; zone of tectonic lithofacies; syn-magmatic intrusive stage;

alkaline magma; strategic key mineral; Cu-Sn-W-Co
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Fig. 1 Rock types and reconstructed protolith for meta-volcanic rocks in the Kafang-Laochang ore field in the Gejiu area. (a)

Petrochemical diagram for metavocanites. (b) Ne-Ol diagram for ultrabasic rocks ( the original diagram after Chi, 1988). (c¢) SiO,-

K,0+Na,O diagram for volcanic rocks ( the original diagram after IUGS, 1989).
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tephrite; U3-Tephritic phonolite; Ph—Phonolite; Ir—Irvine boundary, the above is alkalinity, the below is sub-alkalinity.

R, A TH K IR 2445 7 M 19) 1 2K 4 fif 2]
PR, TEAIH-EKPEIEER, T =84 Calised
T2 B2 YT 2 U AR 18] 70 A7 A2 R /K - PR i X
Tl DR A BRI R

(4) Za P [5] Az e 24207 10 23l oA LR IR 66 UL
RS R DTREAE = OIA O, fEmBE L -] -
R LI X %%@ﬁﬁkm%%%%¢
T RV g b ) ] 2 BB 2Ry 4 ], 3 28 ) A W 2R
B 5 TR ) A L M i e T Eﬁﬁkm
R EERCR BYTR AR L, e T =& i

JB& A LIS 7 SO ) 3 8 T, A T AT L e R A
PRI AGAE [F) AR B2 PO (] 2) , R =&t e
R E W 2GR IE, TR IHAREBN AT
B 2T L A B e R R BE K e AR, S T i e
FIBE K RRERCA MR . H oz BUBE K 5 [ A
BEKHA A, BBl R meksa . FENREE
BEAE A A A, BT K R e T A i
AR . B R A W RO, EBE K H &
AR A L A 5 R ) 4 Wﬂﬂ$mﬁou
2, SRR+ B8 5T A R A ] A 2R



562 WIR 554 http: //journal. geomech. ac. cn 2021

MR 35 R s g, = IR R A R
FREL, WRFRER A AT TR IR .

(5) DH-#K=E4 (P BB &
Bk, R T BRI - - S e it
FE =BT H0 R L 1 TR 1) b B
AR XA S A = PRI SO A AT
B 5T 1) KA R AR RO A7, K L) &R
AhEEE LS (25942 Ma, LA-ICP-MS #5471 U-
Pb #5) @ ik JE L b bk G 20 S e (o) 4 R A,
2019) , AEHLR =S AR B (T, 249.5~
245.5 Ma) HEMINL A BB BUARE S Sl 246+5.2 Ma
(LA-ICP-MS #5471 U-Pb ¥%), &7 T hARZ - HLH
(169.6+2.0 Ma) # I 1Az F F, (H 55 404
(261.9+2.2 Ma) —ZII (264.8+1.7 Ma) -5k
Kl (258.7+2.2 Ma), ¥ M —&it—R =5
MIERA = (XA, 2016) , IS5 4114k
& X S Ml - A KA (269. 9+
3.4 Ma, JyYEESE, 2013) HABYIMCHE, Y2
INT AN HIE R ) A B WA, 3 T
TR FEY) T HRE X AR S X, R
RSB B e A B, R L A A i 1)
S RGMGE—E RIS FAE . OFE KX S H
Wil 5 SR RE Z 0, TR T T K
YRR, BT AL A — KL RAKCA AN
G, kls A &t (BP,) IESLE| R
=SB (oT,), BKEEE AL R
LD A — A 0 3 =7 78 b F R PR A 1) B 8
TERUR=Y) (XA 2019), /MNT-AMH &4
I b ) A P DB SRl T i A b i A S T U s
W% B bR S HIE ; Q=i LA+ X
A PE A SR THIUS 248 2P il K
B bRk, XA AREREFEATER, B
T Sn-Cu-Li-Rb-Cs ¥t & £ 2T L2, @%
S IR 2 Ly L ) ) Al 55 A A s2 e, /)N
T P W24 e B TH T g I ) [ A W 47 35 3
BOAREL, th = hr TR KL i =S
AR s B K LA A e S IR AN TH PG DR oK
X, UL B 2 AR PG ) AN PG Y [ SR A R
OTEAHIL TG B AN [H AR FR R v, F 0 ) A
FERE A AR JeA AR 1) 1) [R) 2B 2y i G sl B
1.2 NMH=ZEBLMEREEH K N LBERITR-

BMBERT R4

WAL (VMS) HEVEER R AT T3

JE TGS N (Large, 1992; Franklin et
al. , 2005; Gally et al. , 2007; Groves and Bierlein,
2007) . MNMH=ZLLINE 248 2 HAT I SO B A
KR (VMS) AR R 561 (4 4,
2002; JFPAEERITESE, 2011), FEKAEAT,

(1) MEFsIrm, —&ai5 388 4
B[S W 3 g A 1 B IR AR E T T, B TR
PG [) BT AL 3ty 2 1L LA S R I A LA R
ARIMFR-Wr 2 32, A T8 U B 4t =
SIEEMBY . MH-EK =B 2805 244 451 17
FAAR T 6] S A 81 4 e e T A 4 X, 5 AR I
Bl — =& 20 I A [ AL ZR T 0] B 4 b HARE b
MR U)A ¢, TERSERIRZ FIE T =& 4
JR R, X TIE IR G IR+ 20 F
NMHASHEEA KL A B B A 2 SRR (&=
RERY R | 52 30 L 0 300 R R i I
BUETERREL, AR ANLHI DA S R XUR B R
Pl ER,

(2) K- 7 HE6E0 26 A8 5 4
(K2), BABNGEER KBTI —HoK
M LU AR LA™ —> ) 385 A3 — v ] A= ol 8 B — 5 9K
PRSI 454 . ONMHARBBIKH (T,g,')
HPIREICA MR R K e, e 1~5 JZmiE kil s,
BRI = Bl AR MR A M R E, R AR W 206 3
SN, VRIS S L s A T) A ok AR AR A K FAOK S iR
AR R IS 1L R - BOK DT L™ Fr A (]
2a), TR T WRAE TR b5 BOiC A i AR ok LU B 4 4
K, RBEBFRE (T,g,'—>T,g,°) HA UK ALY
WIZITA5HE, IR HORICE FRAR IS (Tag,®)
Fa7n T [A) A6 B 240 sh a2 OK—R K DT ER
¥, QFKFBB LI (T,g,'—T,g,°) [RIA:EE Kk
BB (E 2a) FIFEAERRE KA (K 2b) S RA:
W 2243 Sl AR - R KR TR . URRE
WA I R T, a7 s AR B a8 2
FEA TH AL S s B b [7) A W 30 M Bk 2E (TR A
B) F VA 3 48 7 ) A W o R W) AR 46 T
VERBO IR AL, AN AL R L 3415 m, TEif
FHALE AR IR, DARS e FATTC I A [ A4 b ¢ 18
BT 32, A A T2 MUE AR SOR A P 07 K
@4 = By = 5 RV B AL W 0 DR A7 A 22 Je A
TEAHBIE SO S Z N (K2), 5 THA AR B B
PEVRICE — 80X A — Bl K LU — BE K 0B TR



%4

JPHEE, . i AT S R BT R e R R R 563

WAREMR, St Ralgigme &
JEB RAFAEA IHAL R B3 Be, 522 e W Al <
DURR-PROK R A= 52 A AR A T VA e, > TH 2 fik

B RS BT 3 M) v 3 BOK DU A 7F
WU, EANH X RE T HOK IR & 5 5
T T A + R B R R ER AT

STl
D

Ty
":"ﬂ"m""
11/¢

Q

iy B L 7 2
R

5 F Jii T R

1000 m

B2 7 HARERKLERERES &Y xR E

SRRkl (| wer sz AR K L TR S SR AR o BRI 115 T L P
gggﬁzﬁﬁgﬁm AL LA RSB 5 b4 1 I A A R
N it s [0 2ep 2ot o (| AR A  FETRILRE SRR
E:!gggﬁgﬁﬁkm [:]ﬁﬂiﬂﬂﬁimﬁ EZZ]E&% D4 TRR R A B

Fig. 2 Relationship between the alkaline volcanic rock thickness and the mineralization in the Laochang ore-field

(3) Aot AR A B BB AR 0 R 5 6
A 2K 3 ] 52 10 R L o R [ A 4 o
FHENEEEHDE R T W, Bi Al Mo KA,
b, 2 AL (K2) . KA, S
TMISES B, AR e 2 AR TR RO
R EGAR, E0 7, e ME, W
WA 4 FOARTRIZE R AL . DR (A AT
TERRPE L J2= 5 R B MR K B0OR PR 2=
ZIa), W2k 5 AMEUEIREE, K 300~650 m, FE

100~300 m, J&0.5~5 m; QHIH IRIRAELEAS T PE
KU E Y, H 2 ] BETUR TR 1 22 0 ) 7 B bk
TR B, BRI ROk, IE ]
400 m, JEE 3~10 m, JEHMmOIE (>5%), 3
fE4 Cs. Rb, Au, Co, &40Lf1; QT KA TE
e KA R Z T REAZEN, B2OUZRM
EBUIR R A, K B2 100 ~300 m, $E 100
K, BRE1L.7~10 m, )Rk 34 m; @I
B A AT B AL, B AR R R I, 2R AR



564 WIR 554 http: //journal. geomech. ac. cn 2021

SRR, B R A B ERE, S
INER T W, Bi, Mo Fl Au B K, 755 4540 49 4
WMEEIREA S B RAMT, T8 A
W, WA 13-2-3 B KB 19 54K
B, RS TR AR KA, B S
hentHEAAMBNAOE DS, WaTY
DI A

(4) FU AR S A R RS
KPR AR (R R AEAE, B & T T kil A i
AR [ A TR FH A8 L #ROK [R) A 2 2 4 ok
IR DTRR - A A (B 3) o OWJE K LUK R
A, AR AMEAM, &8 (K
3a—3e) . BINABHE A, Zle A KE A LA,
HAAHEAG S, K0 -840 (Bl 3g) -
BATAH, BET - A (B 3f—3i) 4l
W, 15 F-B-Ti-Sn-Cu-Co-Au-Cr-Ni fL8 5% il
B R Y), MEE - BT R IR,
T 4 2 B B R ] B0 ) 2 2 OIR 4 G kT
IR PR A S sg gL AR g 0y, 1 )2 k—
RUZRB WA 5 58 = R B UIA ¢, JE oK
AR AR AR 5 (BRAE 9 5%, 2011), F-B-Ti-Sn-
Cu-Co-Au-Cr-Ni TLHR 55 731 75 1oh 28 B Pk 5 WA -
PAREE 2 L, AR R, F S >
2000x10°, &= EEHBR A B F & &7 5000 ~ >
20000% 10°° (&R TR H ), Cr &8> 500 %
107°, Ni & H#>400x107°, Co & HAE 100x107° ~>
200107 (FrEmTRHR), Au fETE 100107 ~
>1000x 107 (& E TAHR), Sn & & >200x
107, DARGHERD, SEH0 By hE, LR
A, BT RN T HROK AR AR & DL PR
MEEATPEBETEEFMBAY (&2at-B%
A-HHA%) SRR R AR IE, @R
Bz e Wt Kl A 2 b, ol 3ROk IR DA
WEIEA O, MEERBRAWREK A S50
KAHERASEEA S, P T K68 S R
JR T R A= fR R R0 ) AR O A Bk, B2 )2 kA
R A -HAA M R - - B W-
Sn-Bi-Mo-F-B fLF#R 5 55, 2 FARAL i A & s
brds, QUEESYT EBE -REVHN (ZF
X)) WAL A R AL YR ) AR ),
WG BRI TR 4R Co Bl Au, JR#E
AR, R KA T (B 4) W
Ko BRANG P ESE S, TEHAMRA (15%) B=

RS, 20 K O OK [F A AR E S TR 8 T H
B MR S A A E S, SO 8 4 4 R B IR
(E 3g) #ITEEMEMLEERHIR, DTERIK
A5 A B 2 fk s R A, DA ik s ARV F I B 3
AR REAEMH+BRAEAS R T RAMHEN
F, EURBGEE, EEE A BARA, Mo,
Bi. Ag. Pb fll Zn %, As FWIERIRGF, ME
WA AR AR, A B Esm, 2t
YERIZE WSS, RAENHEL & AAH+ 4
EEM+ R AR RO AAMHE (BWREMH),
DI E HAEFEA: Co, Au, Ti,

(5) MEHEMFERE] - REV HNE
LU, =B kI HU %R 55,
T I G 4 R B e A ML N R R R S Y
KR, JEEES T IRAMRIER, &
K LF, B4 MR A A0 SR8 T 40T
fiE, OB AP JC L A0 A L b s 4y 52
EA U r A o3 A R AE, W /NS T R 4
Sl e | ) 7 o 1 R = e S g | Y [
Wi BT S s, A2 T Uk, AN TH RS
UL ARV R A E S5 A N bR,
Qrfr =St 22 JE W L LR A B 2 A6 AR 18] 43 A A
RE-&T W 1A, FEIIR ) AT A ) R R R
PIBRIE KL AT X, QR R 50 B 1800 m
BN, BEIRME A B X+ O G s BE AR+ A
BRI A N A A+ BEIR B A4 KL AR A S A A A G
ROl ARG IE AR, BT R T s &
OLE I 2 Ll s ST AR T O
(E2), 23RS H KA ST BT i
Bt &l wHbdnn A R B, T L,
JULF AR 2578 S 0 2 5 2 — B Pk v A 25— o
LUK LIRS+ X A R XA, AR
SRR Z K LA BR + O WA (R
AV AT A+ O A B A R A (R AR A s+ 5
JBEER BT IR A= Bk E ) o TER B0 H R H AT B
1820 m "B 17 2k, P8 A [) A W 4 AOK B
WIEARAGE AR, MR AR, WA 50°~60°, L
JERE 60 m, [FlAMABR MR EL S . K A S
FBE IR BS54, R 1L Hi R TE B 1) I 7 8 45
FfE) R4, FATRR/INES~8 em, 0.2~0.3 em A
A5, AR ZEY) T R [ LKOL A AR, ) i
Ry At Rk R R JoT Bk K 5T W) AE fA ik e, T R Tk
PRERA R Z T o Ll = gt /) AR TOAR - [A] A 52



AW VA, . A B SR R RS S R R R 565

File Name RH4601-5-2 a

File Comment :5-2

Position Comment

AccV(kV) = 15.0, Beam Size(um) =1, B.C.(uA) = 0.10, S.C.(n4) = 85.29,

Scan Mode = Stage Scan, Step Size(um) X =4.000Y =4.000,

Data m) =1.02x1.02, SamplingTime(ms) = 10.00
. Hist. Aot

Area%¥ Hist.

-l b b
oMEFAOWNDODOOOOOO

.0
.0
.0
.0
.1
.1
.3
.0
.0
.9
.7
.7
.2
W1
.0

S
BEI 200 w Magni: x65
Max.:46848, Min.:42752, Ave.:45428

2182 Cs La 200 um Magni: x65
Max.:15, Min.:0, Ave.:3

Area¥ Hist.
0.0

Area¥ Hist.
155
143
132
121

-
=4
15

PNOOOOOE0Ee0 00
DLOBLWWWWWENOGMND

A

Rb La F—— 200 um Magni: x65 Ti Ka 200 um Magni: x65
Max.:12, Min.:0, Ave.:0 Max.:155, Min.:0, Ave.:4

L

a—& BRI B TS 8 (EBSD) #1 Cs, Rb Ml Ti &, b—&=bE, BIRAMBEEET AR (%20, W) ; —& bt
L ENRA (T EISEBR) ; d—& st Py SR gy B EE B4, KG-261B (x10; FOLEET); e—METES = BB
) 2 R RGBT ABTAR AT, KG-300-1 (x10, FOBBETN) s 8 SRESEE™ (RO) REMBUKEH, KG-27B (x10, i) ; g—
PLRREA RS, KG300-1 (x20, BOLEET ) h—80 5 IR A 232 8UREH, KG-300-1 (x5, FOLET); i—t#if G ohmi gk
532 8URIAR A, KG-260T (x5, RHEHET)

K3 Fp7 EmEEHEERESHE ERT X A
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Fig. 5 Tourmaline veinlet belt-type tin deposit and tourmaline-hydrothermal cryptoexplosive breccias in Gejiu

Potographs from a to g are from the open-pit in the Dadoushan mine district, and potographs from h to p are from the 2050m level at the

depth of the Aotoushan, Dadoushan, and Wanzijie mine districts.
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Fig. 6 Karstic tectonic geomorphology and laterite karst weathering crust in Gejiu
Pictures of karstic tectonic geomorphology from a to k are the units of the surface karstic landscapes in the Wanzijie, Huangmaoshan,

and Laochangdong areas. Pictures from m to t are the section sequence of the laterite karst weathering crust in the Laochangdong area
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