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Abstract

In the Dachang Changpo-Tongkeng deposit, there are two typical types of inclusions in the cassiterite: black
inclusions and gas-liquid two-phase fluid inclusions. Black inclusions were formed under overpressure condi-
tions. Research on the CAI of the conodonts and the residual structure on their surface shows that the paleotem-
perature of the ore-hosting rocks is 300~650°C. By researching on the gas-liquid two-phase inclusions, previous
studies have obtained a mineralization temperature of 240~540°C. The two sets of temperatures are very consis-
tent, indicating that the heating event of the ore-hosting rocks and the ore-forming process are homologous in
terms of thermal source; that is, the Yanshanian orogeny granite underlying the deposit. The primitive fluid inclu-
sions in the cassiterite of the layered main orebodies became black inclusions under the influence of the heat
source in this period. Evidently, the deposit has at least two stages of metallogenesis. The discovery of the black
inclusions provides reasonable evidence for understanding the cause of formation of the layered main orebodies
as ancient sea-floor hydrothermal exhalation-sedimentary deposits. Conversely, it is incorrect to interpret all possi-

ble metallogenic geological processes of the deposit using the existence of gas-liquid two-phase fluid inclusions.
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Fig.1 Geological section of the Changpo-Tongkeng deposit (after Geological Survey Department, Bureau of Mining Affairs of

Dachang, Guangxi, China Nonferrous Industry Corporation, 1985)

I—Interbeded limestone and shale; 2—Large lenticular limestone; 3—Small lenticular limestone; 4—Fine-banded siliceous rocks rich in calcium;

5—Thick-banded limestone; 6—Siliceous rocks; 7—Stratiform main orebody; 8—Stockwork orebody; 9—Large vein orebody; 10—Fault
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Fig. 2 Photomicrographs of inclusions in cassiterites (transmitted plainlight)

a. Photomicrograph of type 1 inclusions in cassiterite. The inclusions contain approximately 25% vapor by volume, L—Liquid; V—Vapor;

b. Photomicrograph of type 4 inclusions. Dark irregularly shaped “black inclusions” in cassiterite; ¢. Photomicrograph of fluid inclusions

in planar array along a microfracture; d. A large black inclusion with obscure outline of a bubble (in arrow direction) in cassiterite
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Fig. 3 Photomicrographs of fluid inclusions in samples re-equilibrated under the p,<p, conditions (after Sterner et al.,1989b)

a. Photomicrographs of inclusions from sample R8 re-equilibrated at 700°C for 7 days at 400 MPa, The most obvious characteristic common to
almost all of these inclusions is the presence of a “halo” of “satellite inclusions” surrounding a central inclusion; b. Photomicrographs of inclusions
from sample R6 re-equilibrated at 700°C for 7 days at 400 MPa exhibiting the collapse of each parent inclusion. Scale bar in each picture is 25 um;

¢, d. Photomicrographs of fluid inclusions in sample R9 before and after re-equilibration at 700°C and 400 MPa for 2 days: c- Photomicrographs
of original, pure H,O fluid inclusions trapped at 800°C and 135 MPa; d- Photomicrographs of the same inclusions shown in ¢ after re-equilibration.

Each photomicrograph of a given pair has been produced at the same magnification. In each case, after re-equilibration the original parent

inclusion is surrounded by a cluster of small secondary inclusions
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405-21-5; 11. 8 FHE A1 R E Fh Ligonodina sp. , AL ; £ 52 : 405-21-5
12~15: CAI 6.5
12. B3IV AT Palmatolepisgigas Miller et Youngquist, 1947, FUVRL; FE 247 : 505s-5 513, /N85 ST A7 R Bl Palmatodellasp. , VAL FE i J2
37 :5055-55 14. /NRFE A B AT A SEF Hindeodellasp. , AR ; FE & 2 : 405-22-3215.5 15, W B 8% F I A7 Palmatolepishassi Muller and Muller,
1957, LI #4202 : 5055-5
16~21: CAIf 7
16. I ¥ 85 F T2 A1 PalmatolepissuberectaMiller et Youngquist, 1947, 1A ; BE 5 247 : 405-22-305 17. 815 4 TE A1 AncyrodellanodosaUlrich et
Bassler, 1926, IR #2007 : 405-22-305 18. S8 A TE A K EFh Palmatodellasp. , FUA ;s FE i 247 : 405-22-335 19, /INIRFE A TE A A T
Hindeodella sp., AR ; FE &2 : 405-22-34520. 1 32 318 F I A7 i V- WA Palmatolepisdelicatus platys Ziegler et Sandberg, 1990, FT#,
SHAEAR s FE AL EAL 1 405-22-34;21. = fAIEEB T IE A4 Palmatolepistriangularis Sannemann, 1945/, 11 ; e EA 1 405-22-34
Fig.4 Conodont colour-variations by temperatures (CAI)
1~4,22~24: CAIL 5
1~3, 22, 23. Mesotaxisfalis ovalis Sandberg and Ziegler, 1989; 1. oral view, the plate-type; 22, 23. partly enlarged the blade and theplate-edge; sample:
level 455-17s-2 ; 2. lateral view, the blade-type, Ozakodina sp. sample: level 455-17s-8; 3. lateral view, the blade-type,
Synprionidina sp., sample: level 455-17s-8; 4, 24. Palmatolepis hassi Muller and Muller, 1957; 4. oral view, the plate-type;
24. partly enlarged the carina by plate; sample: level 455-17s-2
5~8: CAI 5.5
5. Palmatolepis hassi Muller and Muller, 1957; oral view, the plate-type; sample: level 405-21-1; 6. Ozakodina sp.; lateral view, the blade-type;
sample: level 405-21-1; 7. Ligonodina sp.; lateral view, the blade-type; sample: level 405-21-1; 8. Palmatolepis proversa Ziegler, 1958;
oral view, the plate-type; sample: level 405-21-1;
9~11: CAI 6
9. Palmatolepis proversa Ziegler, 1958; oral view, the plate-type; sample: level 405-21-5; 10. Hindeodella sp.; lateral view, the blade-type; sample:
level 405-21-5; 11. Ligonodina sp.; lateral view, the blade-type; sample: level 405-21-5
12~15: CAL 6.5
12. Palmatolepis gigas Miller et Youngquist, 1947; oral view, the plate-type; sample: level 505s-5; 13. Palmatodella sp.; oral view, the plate-type,
sample: level 505s-5; 14. Hindeodella sp.; lateral view, the blade-type; sample: level 405-22-32; 15. Palmatolepis hassi Muller and Muller, 1957;
oral view, the plate-type; sample: level 505s-5
16~21: CAL7
16. Palmatolepis suberecta Miller et Youngquist, 1947; oral view, the plate-type, sample: level 405-22-30; 17. Ancyrodella nodosa Ulrich et Bassler,
1926; oral view, the plate-type; sample: level 405-22-30; 18. Palmatodella sp.; oral view, the plate-type; sample: leve 405-22-33; 19. Hindeodella sp.;
lateral view, the blade-type; sample: level 405-22-34; 20. Palmatolepis delicatus platys Ziegler et Sandberg, 1990; a juvenile, oral view, sample:
level 405-22-34; 21. Palmatolepis triangularis Sannemann, 1945; oral view, the plate-type, sample: level 405-22-34.

(2) 9248 1A : (D 7 9245 (R vty A, 455-17-8
TR CATEUE Y 5, HAZ IR IE 29 300°C ;) 75 92#8

14 ) 405-22-30 5L CAL Jy 7, H: 32 $R Ky 490~
720°C ; @ 7E 91 E- W K Hh L TR A, 405-22-32 E-4F

A 7 5 FET B AT L 405-21-5 5 8E CAL K 6, Hi 3z #ul
J& R 360~550°C 5 B) #2855 92#1 1Al A% 24 7 (£ 50
m) AL ,405-21-1 58 CAI K 5.5, HZ R 4 300~
380°C;

(3) 91W1z|ﬂ“$)il£l%®iwl) 505 7K - Hh B r ity
55RE CALN 6.5, HAZ R E A 440~610°C ;

(4) 915474 D 915 (A IS Bl (B4 777

CAI N 6.5, H: 32 i & h 440~610°C ;B 91# 5 7 A
TR A A (f0 4% 7545 1K ) , 405-22-30 5 FE CAL M 7,
Hoz $E Bl 490~720°C

Ll L BT X AR LA R AR
PRI 32 21 015 T - BRSO S ) 338 3 51

300~650°C DX [8] N o Moty Ml i 0 25 (8] 0 A 1% I
924 IR ARl B 41 (D, If) B JEEJE H5e K ) 927 )2
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4~6  JTMTRIZL ARSI, CALN 6
4. VLI 4-9 (1 5 R RO , B A MM RVRL R R BRAE 05 5 BRI 2% 5 5. LI 4-10 B U3 )7 SRR, 28 AR 0 M RN S8 11 1 I D 1 (R 35

6. WLIZI 4-11 B4 7 JR o, 8 SR HT MR 2 1 1 AR50 167 A B0 5

7~9: BLLFNZLIRKR T, CALY 6.5
7. DL 4-12 (915 B JRFIOR , 4L M MU 4R A KIZMRIBEIR 5 8. WLIEI 4-15 Ik & R B, 44k s 1 4, A K2 TR R S0 m R
9. DLIE 4-14 (946 5 ) SRR 4Lk N2 D B 4 AR AR 2 AE 4l o IR ] &
10~12: B SERIETBRAR T, CAL N 7
10. UL 4-17 B1A £ HITA R RO, 0184 UM% 42 JRTIA TR 5 11 ULIRT 4-20 B3R (5 SR iR , B i P A 28 S Btk
12, VLI 4-19 BOAE A R SR BT , FTETATE M T AN AL D] , 2 0 SRR

Fig. 5 Remnent texture-structures on conodont surfaces(CAI)

1~3: Measles- pit surfaces, CAI 5~5.5

1. A part of enlarged blade of the Fig.4-3 and rash-like convexes densely occurring at the blade-base; 2. A part of enlarged platform of the Fig.4-8,

and rash-like convexes densely occurring at the carina-base; 3. A part of enlarged blade of the Fig.4-6, and rash-like convexes densely

occurring at the blade-base;
4~6: Pit-breach surfaces, CAI 6

4. A part of enlarged platform of the Fig.4-9; pits and breaches densely occurring at the plate-margin; 5. A part of enlarged blade of the Fig.4-10;

pits and breaches densely occurring at the blade-base; 6. A part of enlarged blade of the Fig.4-11; pits'and breaches densely occurring
at the blade-base;
7~9: Crack-breach surfaces, CAI 6.5

7. A part of enlarged platform of the Fig.4-12; Cracks and breaches densely occurring, with grow-layers broken; 8. A part of enlarged platform of the

Fig.4-15; Cracks and breaches densely occurring, with grow-layers at the carina-base broken clearly; 9. A part of enlarged blade of the Fig.4-14;

Cracks and breaches densely occurring, with grow-layers broken clearly;

10~12: Honeycomb-steplike surfaces, CAI 7

10. A part of enlarged anter-leaf platform of the Fig.4-17; honeycomb-like holls densely occurring, with tumours broken clearly; 11. A part

of enlarged platform of the Fig.4-20; grow-layers at the carina-base corroded in steplike structure form; 12. A part of enlarged blade

of the Fig.4-19; larger and irregular holls on the surface presenting honeycomb-like structure

AR (A e AV 22 AR B AIX, S 300°C 224 5 {0
JEAE D) T IR VR TG B 14 38 10 BT, b I G
PEm o I, AE 9240 A Pl AR A AT BT L L b R
ik 360~550°C , 1 £ L B IR I AR 4 A1 29 50 m Ak, Lty
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IR, AR A SR (5 T BRI PRTE Bl ) R PR
QU5 B AR JES 3 Bl 2 (035 7778 1A ), K JL T30 il
(BLFE 750 14 ) 32 0 BE 34 55 38 490~720°C . X HL
CER O 1#8 A T 76 /2 03 D) T REJ2: I 1 78 B 5 1A f=
AR5 | A ek OO () o7

4

4.1 FEARRRE HEEME TRE SR EREFSE
IR AT
XIHAEWETE R R FRBTH R A el B AR

BVOE T RIE U AT RE 7 Ff b BT PR I8 K AR SC I i

BLBRI B I RE T ) A6 4F (Liu, 1989) o BGEHT IR

WM Z G, 252 T A B[R B i - I 08, )

HR A0 463 A1 AR 11 AL A £ B A g 28 g A% AN T it

FE RIS AR AR, O 5 IR IR A A T
AF o B AR A AR DY A A R R T (excessive
pressure (overpressure) , I FK A He i &5 ) KT R
77, W AR 2L AR T8 R e R A )
Z AR 7 e 1) A2 DA 5 B 2 A PN ) R PR
FE (subcessive pressure (underpressure), T 5 il & 48
o), AR AR 2 TN LR B R . AR,
IR E BRI 2 T A B AR BT W B R . R
It 52 B 1 UL 58 0T 45 & K B 52 e i 55 45 2R (Bodnar
et al., 1984a; 1984b; 1989; Sterner et al.,1989a; 1989b;
Ernst, 1976; Fisher, 1976) , Liu(1989) &.45 tH #if |-
A EARTEOL (R 1) o TR R R , 72 Hxf 2%
1 11 6 PR RIS Y v i 440 2 14 RGBS R ) 2%
AR A AR A A 2t AR EAR AT AN

R PR AL IR AE S0°C AT 10 MPa 2% /4 F Bk
SHEIN

XA SRR T8 R E K %R 1000 m 1Y
TR K I T UTRUE Y . B 6 A U2 BT
AL A7 B, PRSP TR T, A SR A
E ENIDEENGALPE S NG AN I DA RN =C (IS
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BRI AR s B A' (I 6) , M4 B2 1R R 45 R4S
PREEARAS . SR, A B AL 1 25 (R 0 & A= T A48 4k, 75
P 6 A B T A i s PR B 2 ARSEI A
(E6), XA, BifiE HEAEE A AT , AL 22 AR 3
FIH BRI B 7o 4R R B 350°CHT, A SR A
G FE Y AR IR TR A &R AR, N R ik
3| 585 MPa, Ifij £ & 4 7 18 52 3] (1) Fil BR 15 A 245
MPa (&l 6) . N UL, £ 2 4k Py R 8 i [ R 3 340
MPa. UWHRH FREEGE F] 6 km, [A] B AT KO A
1R AL op, I LR AR AR R 150 MPa JE )R A
0L B AL BN, TR R AR R A S F e A 1A
R BN T SR sha 1T S (K 6) . ik 3
350°CHT , A ZE A P S A A IR e g 8 T LB e {3k
F]435 MPa, WNE 6 A’ 55 1 B2 B 1 2%
JE M 6: i AR A BLAARTE 350°C F1 100 MPa 514 T
DA BRI AR R A T RE R 51
B g A5 AR A G B TR PRI 3 0 R s b o 3
o TESCMMEDL T, O VR AR A AL A )
B I 218 ARV TR d6 T . 7 R 2 X Fh

%
3’ 420
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115
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(=W
= £
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= it
%
E Ji5#
2_
45
1_
1
100 200 300 400 500

K6 1E50°CHI 10 MPa 1 T FEl A i i AL ZE ¢
TEFE A THE e F i ik e
Fig.6 Hypothetical fluid inclusion path for conditions
of being trapped at 50°C and 10 MPa
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7)o MRHEFE 1 AP B A B PR BT K LT T HE B A
;A SE R FT 4G L, BT LAASH S R A LS A
T, R 1P AR R AR R AR 1 A5 1~4
N B A T AR A R AR AV IR DR - A AR
FEARIR 5 F T 3R 00 . WIS e MR R v, IR b
T BV I AA 2300 A f 2 1R 37 4 31) 350°C i,
PN R KT P o A AR B 2 R AR £ T 120~340
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Fig.7 Hypothetical fluid inclusion path for conditions
of being trapped at 350°C and 100 MPa
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Table 1 Summary of theoretical considerations for fluid inclusions formed under different trapping conditions

T 328 (ML — ik

AL B A AR A Al BE A LT R 8 JE ) 24 AL FE RS TE (1 T RETS O
fRALER)/ MPa

1.50°C .10 MPa IR ME TR AE DT MR = (Overpressure) 340~435 AT W

2.100°C .20 MPa Y HARTRR PN HE# 5 (Overpressure) 270~350 I

3.150°C .30 MPa FRLIDT R B B P HE#E 5 (Overpressure) 205~250 B AK—i5 T — PR
4.200°C .40 MPa WS 825 B B PN 8 155 (Overpressure) 120~145 WEZEMk— I — g
5.300°C .20 MPa VMS UG MR AR [ 5 (Underpressure) 200 R A BB T REASIE /N AR AE
6.350°C . 100 MPa BRI IR GR [ HoB = (Underpressure) 90 KAT B E A

7.300°C .50 MPa BRI AR BT 85 (Underpressure) 45 A BERLIY

TEN RIS AT, 8 a T iR Aok A
I 3kt G b 8 57 B A RE AL, B 2R R ) o (O
T ARG ) BB TR . HAR, BLARNS DL T
IR BRI p-t-V-X (BRI J7 R AR A 73400
1S AR ZE R RN JE AR A AE B h
B & (Bodnar et al., 1984a; 1984b; 1989; Sterner et
al.,1989a;1989b) ,

LU, WA AR A ARG = i (300°C) MK
(20 MPa) fH AL TR MY, 0% 1 5 s TR IR K
I R GG . BEE TR A X 2k
AN 2 Dy RS H R . WS, BT HIR TR
Py 118y M FE R SR P ol 3¢ 41 4R 40 22 4 P iy
FI) HAT) iy P Ak B I, G L BR s 734 51 200 MPa,
TR T AR TR S . MR ¥ Sterner 45 (1989a)
BB E 25 1, A TET KT 10 pm F IR AR 0 SR BE %
AR AZ A 200 MPa 8 157 B 1715 488 /) 19 44 £ 2
PR BRAE 2 52 T R I v L e o A5 Al T, S )
A1 I 0 W (B AT 524 19 100 fi 3
A AN T 10 pm (A 61 22 1A AT g 237K 32 200
MPa 1) 5 [, PR ESTE o SR, R T 25
B SR TR NP

o = ATRE R TE IR BB 5 3 AR AT 3 OCTE B
AR CIFE 16 7RSO, BN &0
T URFR ARV E o i A B AR A T BT e A G 11
FAR U P e 5 PRI BR R g 18] B R ) 2548 25
S ENTEFN ). FER) 0 KRR E R A
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ALt 200 MPa, R, 25 5 & ) — %€ /DT 200
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W N IE M . 1E 4 Sterner 25 (1989b) fIF 45 Hi 1Y,
TE p>p B pi<p A S5AF T R BT J5 (1) TE
BHEERAME . & F 2,008 5 R IE
A FNGERAH AR A K5 I 3 DB i DL TR A 3
&7 AR —Fh T FRAE R 254 (LRI 3) o L H:
&, B h O RN Z R AN DR AR R
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Friio

m bk, KT8 BB B AR TR AR K 25
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(IR 1~ D) o 18N T A SR
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WA R, XEWRE, K 8 A h x4 B ok
TR A IR, 15 18 2 T e R A
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