


KI5 % @RI
5% B

# A Rk ks
Richard W. Hutchinson
b R fRakie #

W K W ge 3
- & = o



W E®RE

KRN ERSNBA RS £ MR 5 A 6 R R B R R
RYATHERD 26. 5 5.0, 6 5. 6. 345, 10 fF. 7. 3 5 R0 3 . SO HEAN & MR Z £ 2 K
HifEs MR EEANER -E-H.

fEF R - o ME FRAT R M R 0 R R B R B R B R
FEME A PERE LA W R . & WS B H0 IR A HL M L BB BB TS 1) W - B YRR O i 4T T
ABREHBTIGE T EXW AT AERNER EEERTHEFREENFRT Y 7T oREH
R H T H . HRITE A ERE T H ONFEE. B2 A RTRWE. AFEE . BHEL. 20K
WIS - ERTEREREAN. A AR ERAUEMEERT VR BME NS — &
Sl @ B A ST KA R MA A LT AR EA Y RN SRR LAE L,

Tt EHF LERERKTE ARAIESARTRE Y4 R ERAEMA S BES —.
Ml # ¢ ERBHEEE AR F i BRI TRA R A FBEEAE G LWL A S %,

EHBEERE P e

AT E G WA T R R N b M R R 1997, 2
ISHN 7-116-02345-8

Lok L@ DUSRFE-£4RT K- NS FR-FE- 0 D85 £45 06 H
TR E - hE- T NV.PEIR. 40,2

HEAES B CIP SR G7 8 01436 8

b Jo L A R 4T
CI0N0E3 LN REE SRR e 5
W LA RS
FEMTHA G DB FENEREEE RS
A TETAT0RZ Voo EidE- 1475 EE: 10 FEM- BTN
1ERT 2 MEITE- B 1997 9 2 Bkl ke
EI#: 1--7o0 E e d 00 5

ISEN 7-114-n2148-8
P-airo



¢

LIS THAMFRR AABRKMERE THOREN. FiHRLSEE
A RTAIRM AT BER L ERF LR+ RN . PEmid EREXILE
9 R BCR R R R AR M R B P .

SRR B Y B A T 20 I R T 1 S BB SR M R OC AR B LE ST Bl RS BB
7l T P 7 20 19 MM B — AW E T AREOF L X TR A5 R AL R I M
BERTEARLT . REENERIBNEESRBRIRERP LA R STFIERE
REAWVOGHOHARFET EMNHEREES. MELEHENERER
BT i A - T O X U B R IR IR B LT P RS BRI OB ST R LB
I R R4S (B, 30 4 RO ] A 2 A 78 R O 4 5 | R A B
FR R B, B IEMRAF LSRR K. ENEARREN ARG
HE B MR A B B AR R R SR VR R 3 R B S A P B i
[/

ERREAYT KD BR—FHE LAY EFRCENAS. BRAH, MQ
I % 7 ) Neves Corvo BB, 8 IR S B 414 . Bl X FP AR M T —Fb T g
P R RER- 2 ERAAYT K. B R s . B R
RO FR 4 8 2 200 8 O 405 Bh BT JE IR Y . ZE BRI b 40 4 Juan de Fuca 3%
H LA RNE S RIAYT KFEE S &R I — 5 T X B
Rt MBCREAWT R . KRR -2 S BB T 5K 8Lk — 1 BiA
PRI SEA B A (B S AR 0 () 3 TE 40 08 55 1A R T BB 2E i KT
BT~ i BERT R BB AN BREGHMFREARS Y FERy
oo 128 FEEE MBI TH M. BB K 8- 2 BRI
PRI AR M 7T BERE AT T AR R ST T R T R RS A
R WS R E RS R . BRI LSS ET LR R A
AU A B AR DT A RO L B FUR B TR 47 TR B4 . 4 RiF
WK -2 & BEAHT K EER T H RSB0 T F R b 4y
MG — BOS BRI KN BE R 55 88 T 2 AR 8 T 2o
EEMNHBRRATAI Rt R R EMK 58S LR 458 5 o a0 3P o

ﬁaWEEFﬁﬂﬁTﬁﬁ&ﬁ%*u&&ﬁﬂﬁﬁﬁﬁﬁﬁﬁ%%ﬂﬂﬁ¢¢
1



AR S5 RO K R AT B B e ARG AT VORHE R, T i K B R IE
K HRIEEREF — KK ARIE Ba B YBUKK A T84 Ba [ 215 % “Sedex”
B RTRE ARG B BT RIS 2 4. (£ RD b BT HOFR A 8 2 ) B
BUISTE | He A7 R0 FE N 1A S0 8 LA 4 R AR B R X R 3% e TR A
518 B0 2 TR IRAY TS 4 M2 BT S AR . TR TF 4 B R AR %
B AR A 2R A B T L 0% T SR B TR
HEWIE b BEAE AR B B T RHVIETE 2 T B #K FE ) 284 F AR X
R I .

R4 B AR 0 9 B 6 14 44 18 A 190 5 0 28 DA FET 0 R . 4 TR 3
R BT 4 R 5 WA 2 B MR BB R AT . R e
WA OEAEE AR KT R RAE T B B T 5 58 B 10
o R RS S ED X B L E SR B RS A R e —
B XWRHEE S WEBRERAT HERE T EHOBSEA. fERY &
OB LR P R S I R S A B R B R AR 95 T &
0 OV S8 HE B WS . 005 45 SR ) DAL - o S 2 0T A O A AL T
257—163'C 2 [A), P48 3 (210 35) C , 5 41 IR B S5 B30 5 78 3 S5 S U5 A
0 HRARAE A TR A5 PR AR AR K T — 3K

B BRI b SRR 5 5 700 52 B 0 A o 08 A o] — o 380 LA v
EFER R S ER MBI ERE  EAINEA SR, K5 i R 2
TR . AT X EFLREATRLE D ERESOFRAR. Y LR SR
RO FR 2 7 OB . TE SO BRAR I B A 1) SRR 06 5 1 o 8 O TS L AR
EWIAG . LT TR 5 A 19 G IRT 1 AR L R A R 3 S B 2. R
FYHORG AT BRI F I — B, T LU 3 R0 X 4 M 3045 o o B2
AR R, KT R AR A 1 R 5 A 0 TR AT A 0 A 2
PR SRR P TEHD . 30 A 0 Y 4 085 AR 0 T 05 3 4 o
FH5E BRI S BAR LRI

o Hllclroirm

R W-m&K&
C«F« BREREHE
KERT D E T F B R R



Preface

It is important in science, when new understandings are developed and new data
become available, to consider their possible significance to prior interpretations. The
revisions to old interpretations and hypotheses that are thereby brought about consti-
tute scientific progress.

Epigenetic hypotheses for the origin of massive sulfide ores changed to synsedi-
mentary ones when their sea floor hydrothermal genesis was first indicated by field
relationships. and subsequently confirmed by direct observation of the generative sea
floor hydrothermal activity. It was also recognized that the textures and discordant
field relationships which were the basis for the older epigenetic interpretation result-
ed, instead, from later, superimposed mectamorphism. More recent results of fluid
inclusion and isotopic geochemical studies of these ores have again been interpreted as
indicating epigenetic processes, but these may also reflect the overprint of superim-
posed metamorphic fluids. The deposits, as they now exist, are therefore neither
syngenetic nor epigenetic, but rather polygenetic; products of early syndepositional
processes overprinted by later epigenetic metamorphic ones.

The recent recognition that tin is a common, usually minor, but, as at Neves
Corvo in Portugal, sometimes abundant component of massive sulfide ores raises the
possibility that some stratiform tin-polymetallic sulfide deposits, like those at
Dachang in Guangxi Province, may also have originated by syndepositional, hy-
drothermal activity on the Devonian sea floor. The discovery of tin in polymetallic
sulfide deposits forming on the present sea floor, as on the Juan de Fuca Ridge, fur-
ther strengthens this possibility. Like the massive sulfides, the stratiform tin-poly-
metallic sulfide deposits at Dachang have long.been interpreted as epigenetic replace-
ments, but later, superimposed Cretaceous granitic plutonism may have generated
the clearly late penetrative veins, and skarns of the district by remobilization {rom
earlier stratiform ores.

This possibility has been investigated by the writers during a comprehensive,
eight year research study that involved extensive underground mapping and sampling
of the stratiform orebodies at Dachang. The study has included numerous minor and
trace element analyses of both cassiterite and the host Devonian siliceous and carbon-



ate sedimentary rocks. Results show that the main host siliceous rocks are similar to
the exhalite-chert in some massive sulfide deposits, and that cassiterite from the
stratiform ores has a distinctly different suite of minor and trace elements from gran-
ite-affiliated lodes, both at Dachang and from other districts around the world. K-
feldspars are widespread in the siliceous host rocks, as well as in both the massive and
stratiform, bedded ores. Detailed optical, XRD and analytical data show that all
these K-feldspars are the low—témperature varieties adularia and hyalophane, contain-
ing the high Ba that is distinctive of many syn-sedimentary, stratiform, Zn-Ph-Ag
deposits of “sedex” type. Textures of pyrite such as zoned overgroths, cataclastic de-
formation, pressure shadows and pressure solution and dislocation pits are very com-
mon in the stratiform ores, indicating that these are pre tectonic in origin and have
undergone deformation and re-crystallization. The prominently zoned overgroths,
however, are relatively inclusion-free, etch-resistant, and equi-dimensional, suggest-
ing that they were formed under the earlier, pre-deformational hydrostatic conditions
in a relatively low-temperature environment , probably during burial diagenesis on the
Devonian sea floor.

The results of sulfur, oxygen, boron and lead isotopic studies are all consistent
with a syn-sedimentary origin in Devonian time for the stratiform deposits, allowing
for the affects of later overprinting during intrusion of the younger Cretaceous gran-
ites. Fluid inclusions in cassiterite from the stratiform ores are extensively necked and
collapsed , therefore unusable for determinations of formational temperatures , but ful -
ly consistent with extensive post - depositional deformation during Indosinian and
Yanshanian Orogeny which tightly folded the Devonian host rocks. Oxygen-isotopic
equilibration temperatures have been determined using the oxygen compositions from
co-existing quartz and tourmaline in tourmalinites interbedded with sulfides in the
stratiform ores. The results demonstrate that the formational temperatures for these
sulfide-tourmalinites range from 257 to 163 degrees C with a mean of 210+ 35 de-
grees C which are more consistent with sea {loor hydrothermal generation than with
epigenetic, granite-affiliated deposition.

No one of these relationships alone is definitive, but collectively they strongly in-
dicate that the stratiform orebodies at Dachang are syn-sedimentary. They do not
however, apply to the strongly discordant, penetrative veins, or to the skarns and
other contact metamorphic rocks and ores. As clearly shown in excellent earlier stud-
ies by Chen and his co-workers, these ores are epigenetic, formed during and related

to the intrusion of the Cretaceous granites. As in the case of massive sulfide deposits,
N



it is concluded that the Dachang ores, when considered all together, are neither syn-
sedimentary nor epigenetic. Instead they are polygenetic, formed by multiple process-
es that began in Devonian time with sea floor hydrothermal discharge and culminated

in Cretaceous time with granitic intrusive-related hydrothermal activity.

R. W. Hutchinson
Charles F. Fogarty Professor (Emeritus)
GE Dept. , Colorado School of Mines
Golden, Colorado
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