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RETARESRERE, & 208 00m,

FAURERAERELE R, SLERASRADETR, KAy ESEM. BE
RERESHERRETLYSEAEHFE, HRERMNTL. TEARBET. RRFH
BETEER, BEEMRF—¥E 308 77m, HAKENEFHER 2. 7Tm, SRS
BRI e SoT =L

GREMH (T2)

SBFME—H, BRI, RREFE~FERTRERARDE. HEZFAGED
B ABORDE. ROAEDPERBRAERDEREREND RAESHRERMBR~
RERGERDE. THEHSERTELDHEEE. K 1009 5m,

ZALKERBRHELE, LHADREVELEER REANS RIFE. KENE
SR,

©REH (Tzh)

SWMF/MELY. AR, FREH. PEERBRER R SR RKEGHELED
H. BERARKDESREKEH~FERRAKDE, BK. KBARHREZRER
EEPAREE, KTRLEE, K5 TRBAEBABSHM, FELT 1551 04m,

@) KRGS R

KAKEMEE T 1+ 20 T 6 AR R B4 P B RO B Bt HHE T 52 Tran-
matocrinus of. hsti ISR AT T &4, R B R E AL TR R KRB 5 A
B, B, KIES. EEEFRFEEFTYSER ERAMBEREF T, KR
1998) MHNAMUHBRY , FELHALLER, #— SRS VAL ERBEAT, &
HIFEMT

O%—4 (Tip

EERAE. ROGERRCAHTRE. BRAR. SAAMESE. KANS, &5
XF 457.23m,

A5 PERECAERUEEE, HERDE. EERBYHRESRATE Y
UREHERED.

Q@B H (Ti)

%ﬁ%%%~%Hﬁémﬁﬁ%%.%Emﬂﬁﬁﬁﬁ\ﬁmﬁﬁﬁﬁ,mﬁ%iﬁ
WERRERMKEGROERE . FA_BHE. UEERKE. HEBAEERASER
FRRFERREMEAZA 2. WENEHFRAE. & 104. 86m,

EEE RS AE SRR, R, SO,

@F=A (T#)

BENKH. AEIREFMRI~MEXEE, FHARREERELSEHRE
&, BRYEREMRRABETKGCHEGWRABTR, B 173 77m. K5RKRE
bl N R

BASERBRGBMERKRDR, HIHRELE NS SEM,
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@OFWA (Ti)

RO, FTREN N REE~BRERBTERERRMDE. BRROBTEHETHE,
EWMERNK, KE, KAR-EZHTRAY. AEREABRIBEKTEREAEHNBR
KERBRBANAEL, BEE—RRAEERE, K 756, 28m,

AE5TREEAEEERTIE, RRBE-B. esEe,

OHERA (Ti)

BHEREK. REGRE~REBAREL (X M) FRAEE. KFYK—EKEN
~HEEREE. By SHTH, JE 388. 04m,

AUS LREAABFEIE, EROE K, yESSH.

®|AA (Tip)

THEEIRIEEER. REGOZTAREGH S, RBREZHKNE. BEER
ARAE. FRBERE, BROEAEZBERAAN-~FEABERRKGEERERY
RE; ERAUNREARTHESH - PEE PR A ERD S RE R RS RER
T/E. & 882 46m,

FHE EEES L ABRFEIERE,

@FLA (Ti)

BURK~FRCEFRPERBRKE (KBS FMOENE, TIAKAR
BRE, BRATBRKE. E83l.7Im,

@EAA (Tip)

THARIKECETBRE THE. FREAZBUSERERIBAZELY, LT
HR. KREATZRERGAE. FREAZBHTHAE. BRGRRKABREERE
K&K, W%, EEAT 1404, 72m,

Q) BRI

ERHERAMBREEYRER . KR TRBREBNRE SRS, HEY TR,
SERATUWARXHBEHEM, SRBLTUNK R K525,

Eh4sHERFATHEAHAREANY B4, IRE. REASLE. BAKE
B4, U4, SREFEREL. WELZREROREA.

ORE#H

H-ERBREHERLE, REARLSEE, BRHASHTETE4Y: TH
AREATHRTRAERS TEERBERE KBRS, STREL ZTRENERSEM,
Brazg; EHURETHEANELERDE. G238, BRBEAL S, KEHTH
SRR LA ER I, BRAS S EEREREL, TAR NN TR
W4,

a. A M)

BERIKE. BK. Mﬁﬁ%ﬁ#ﬁﬁﬂﬁan# W REER-AREEEEE, T
RIS THE, KL, BEXT 114 54m,

A5 LREERARBIECLSRENUR, SHRET, LFERBE—F, 8
il B

b =AM
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FEEEEREK. K. BREeABLDES. PRERDRARLE. HELRSRS
B EBRERE ABELAXRSBARBERERRURER B THREEIKE
F~ERABAZESKOED~FRARDENTHRPLEERDE BRUBEE,;
LREHIHREKG . KREBZAXTHE. SPREKREZTHE. GRTHE. &
ZRPFHERKEE. RECTHREAERADE. FRELSRARHE. DEESE
WMHEHRRADBEEHE. JE 490. 72m,

F45 LR EREEE AR B,

ORikg (Db)

BUHNRE. KB, BASRBAZRS . WORBZMERK T BEEREHSR
BE. AREHXEHDE. DEAL. PRAZERALRBBEBEEERE. HE
FEbE, TURBESR, B AT 1524. 11m,

SHRBE (The)

VEXREFZHREFRHG, SWHREI, BT R-KBERRTHREE LR
RECHERDE, “HZEY5~10: 1, BHRBE. SHTHEIE M, g
F 21.99m, FLRFRME0 0 IE ZHUAM,

2. BEHRHSERAR

1) R BT

[OLIEXAF 3833

FELRETHANEERAZ S8R LRNG. REma., SEL,

PHEREERWEENRRDE . ERBDE. BRRE. B-HERKES . %
B BREPREN BN ERYETRRERRT YRS DRBE RS, @
ABAERFNN: WRYESBRTI L DREREFDEAHT, DERBERE
SRPNERE, RECHTNES . SUHEHE. RETRBNESL, L Ha%
ML, BRVHRAAETNERE, TREESFRUTWEEAE N

HERLBRLS LR

QL EAHEH

BMMERA R, CRANKNATH EEALE, BEMEES REASARS
S, REMMREARRAES TR, SRETANEEEARNRE . BRRR
B.ORDE. FRNKREE. SRKE. HRAZENERNDE %, YLD EE
AERBRBREHDIRE, ROV E SRS TR HI, H8E mEmn
B, WAEMTHERL: BREABLRHE, ZRAREH. SREARE, SR80
EMRmas. SEERTONUATSHNRBENE, BRLFENKE, TREEE
REBRT B EAG R

HEE+RARE+ARBL LR

O #

EROHREF —ERSEFANKAEE, "8 SRERTHESH . FREURE
REHERTRET. EREDAUETHREH Y. WEEE. FRES. BERE. A
E%‘QﬁZﬂﬁ%gu&ﬁ&%ﬁm%¢&ﬂaiﬁwﬁﬁ%ﬁﬂﬁﬁﬁq%ﬁﬂ%%
RERGHY. ARWE, FEERTNIBAESR. BO~UREZE. HKE. B
E%sEﬁiﬁﬁﬁEﬁﬁﬁ%*%@&%mﬂﬁﬁﬁﬁﬁ&ﬁﬁiﬁ,m%kﬂﬁﬁﬁ
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EEEEMAA R, BRESSBME; KRS EL R SHMREH, BEHL
HREE, SEREFFAZHER. FERETRULRTYLEHAGH-
REILERL BRI BRE+HER
BEE+RRBEERLBRRE R L+ LR
B L+ BB EEE+ AR L+ FHERLME L
BE L ENE L MR BRE LKL
BEE+ARE+ BT LD
QEB+ARE+AKL+ LK
ORI
FRKEEERFZSZBOUBESATE/ \AUE LY. TREGENEEL -
ZHAS, A28 Y. AEBREAE. AZRAZERE. BEGEMKREE. -5
HRABERE. BE~FRAEE, THRERERDENE (D) 2B EETHES, I
IR Z B+ & G AT & R R BRI, B A BT U SR ARWERE: ERRY

HHATHRNES. B0 EARRNELR: KB BT EABEHABRR KA, FREB—RY 0.5~2mm, 3
RETHRUEETNAE N

Rzl bR kL o3
T =B BT L+ MK L+ L 2
REF+MKE+FTMOo+ AR
CkERa
FARBHEE S TRYEBE—ENE AR . SREGANIEVGREME S
BHE. HEGHE. DREZSTAEAHE. FRNERERHZRRE. BTRER
HOBB_ANE. SHRESRETEE, RENGTRA LS. AELANZBEEEL
BE. PHUERRRETREEENEANRE, B, DREFORENEE, Al
ﬁkﬁ»#uﬁﬁﬂﬁﬁﬁ%w‘ﬁﬁﬁﬁ%mﬂﬁﬁmﬁﬁﬁﬁaﬁﬁﬁﬁﬁﬂim&
EAEKER . 5 YRR 2~ 9mm, FREE PR 0E A N
HEBL+O 5B+ RRL+ L%
REBFrQEF+TMAL LR
BEWE+LERL+RE L+ B+ 053
) ZRERAN ST
O 5 H1 28 B
R PIBEIUE B R RO MRS R — A B R RS S M R R R, 2o
E%ET%@WEEﬁEEm&ﬁﬁ&ﬁ%%%ﬁ&ﬁvwﬁmzW$M%%Mﬂmmg
S0 EFES, REEMTIRE TS ST B R e %, BRI
BTy IR T,
m&@ﬁEE#W&%¢EE&W§W%&FMK&E.Eﬁ%ﬁﬁﬁéymﬁmﬁ
EEHABEG. éiﬁ?i#ﬁ%*&i%‘:‘%*’rﬂ&f%ﬁﬁ%ﬁﬂtmﬁ’%ﬁiﬁIZIE}J 0.1~
0-55GPa, B ABA T 200~250°C (I JIIHD XM 190405 553 A EAHMRIRHY
E%W%i&#mﬁam&azywdmﬁnEE%W%WT;Eﬁﬁ%ﬁ%ﬁ%mﬁﬁv
BERFY: P=0.25~0.55GPa, t=450~550°C.
KZ%E*WEE%@&E&&&E%%HE&%&<ﬂ%mﬁ#§ﬁ%mﬁﬁ,ﬁ
&ﬁi%le)ﬁ@ﬁ%ﬁﬁ&(ﬁﬁﬁﬁﬁﬁ&ﬁl%m.EwﬁﬁufmmWﬁ$
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KPR e, RAKLIR. BRFS 09 HENTESREMRSFiEE
A FE 10°C/km, WA KR HREFRE LY ERT .

DREIEILEIE

WIS R ENRRSN . KRERT OB FRRAREE SO Ema,
AR EERVINEZ S, KREHAKE, ERSEPREEREZ. EREDSER
5 Lol g 28 TR AR A 36 R MR A0 o T R AR R S TR 43 1

= KREE

BHIREHE I, FEFETHOLMNE, FENRESEAS, SHTREY
FUR, SR RAREREX LG, SHEREE N HINTHMEURERE; SIS
e BREHERERRAAMRAEAFUE, KPTH6ARN - RERELZ R
& e, K REM A A M- LM IR S . R R, IR A
ERREFRAGTE M.

L KLERAMRTSE

) Akl

FESWMTFRA QAN HE RS

RAOGATHAZRABRIONARE . KLATREKE. TRERNRZRSAHE
AR JE 355, 76m b BB DUk MR 44 AR 2 B LR I3 AR, I 1718, 321,
EHRARMULREER S . BREDREIHRLRE BT,

KRERRRWE ., R, BRME, RRALEN. THEIEHNKE. 87
4. BRA. GRE. FRGAER.

RRFERE . @ WABRRKE ., REREH ., XL ATEREN, SEUZR
& HEELNBNAL) . BHKENE, RIE 0. 4~2mm, PEKATF 2mm; BEY
HERE, BERERALBAEARS.

KRR ABE ZRUAE . KILATEH, ARUZRE. BRESYE, ki
B BREAREEARIIE. TP RERNER, BB (~180m, BEWHERER
(), RERRRE.

AERFARSEF ERABWEREMEL. ERRARSHIREBE WA
IR IEA, 1994)

BATRABAZRATHEHEIF GBSS), RAERABES AR XRE T4
B, RAMEAERES.,

(2) ¥k

SHTERGE LB, BERRURIES . WORES . FEREH R A2
AR, BRHRS RN,

RERRL S RIRE . ERTEAH, Rnih. HAREE. FREEAR, &
RINE . RS BRARKEREHAN, FEMTERESE. HEE.

MAREEZRREH . BRHE. BRINKE, ERAHKE. SREAR, 27
EEHE,

%Em%ﬁﬁ%%ﬁiﬁ%ﬁﬁﬁ%%ﬁ%F%(EmﬁﬁH%EﬁM'wmx
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2. BALBREFHRER .

ERBASIEERE ZESETHHRLRE 0D, ESER, REREHER
BT, SHEERFHELE 500~1000Ma 21, SHURTTHERM. SERAFRT
BT KRB, # NNW R RS R4, SEUR PR R, M3 A
i 4252

WEERIRMESE (NI, SF—RBEERERK/K) SRS, TERPTHRBRREN
HEAMERR (E) AR, DERE. BREMARE . SlEIEaRE bt
—RAH BB RETRETREER ., FERFRL 260420Ma.

T B B EN WA RS ANE . SR, EEEHENR SN TELRE,
—EEEERRMNE R UEEY. ERNARERGak, RIBNKEYSERCER
WRAERY (190.8~214. 7TMa) HEWT, KHR 15 2087 HED .

UM FUNNRASESE GUELIAEH) RAKALALE, U8
FRRFH IR &M R EREFE. EIOKH T BT L L R K LS (&), N
RHE. BHELNERELESS. RETEBRRESR, EAETARBRTHE
RARKRARITR . HRERIEDRARUMERERIEDN—H>, €6R, TERK
BHENFERERELT 70~132. 5Ma 1 54~92Ma Z B (NG KEMFE, 1991,

MEFh, KoK ¥ B R R R T SR R PR L B R I A N A 6
FWENERE, FEANDRPRETREECE, TEHTERE Bi. Au. As. Sb, Ag
%) SHAX (mIEWEI, 1993) .

. RERIFS R 1A

1. HEHNEWN L

FRBWER R EB LTS I E BB,

(1) B ELE R

HRELLAHBTFAREE~EAN ¥, FRERERETEN —BBREIE
B, MBETHBME. SEAMHNKEY. ARNEENEZNKE, EhNKERT
RERBRELE, WK EHNE K-Ar 8 % 1005Ma (1)) KB FEE, 199 . B5
R IAER , MW 55 F R R TR RS R R M =,

LRI HHB-ERR LR, SRXNTEIREGENILEEE, Ehw
R KK E B E B K-Ar £ 635Ma, HEMBNER . REBRTLREM, &
FRFRBREERERTCRAE W “S” RIS A, B0 SH T RRFRR R R
BIERHR. WRECHFK GEHEEMNRERMRSL, REEr U AFHREE FEX
BATLAMMELERRELREZ b, REHX—BILEAER .

@ RE~ZREEF-REY

B E f PR F SR R — . LR B RER A RS GRS, ki
SHEEE S TR, REREE D AN RS, AR~ BRI,
PRRE AW TR AR ~ VB AR T R SR AR B R L Rk LU By
FHE REME=A. REABSE) . BRARNMEAERXWR /AR~
E. SREN, ARENNE—SWN, FIHTRENEHOML. TN L8
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EE AR RERRER IR, EEBNAEE R A 3 BRI SRR
HRUER R, WHATEEELCH. URRZREIRROEEBASLRERE.
HEW-BEEERBA, RHLREFEEP AN, BAKBHETRENN, Ho8%E
HEMAE KRR ERO TN

EREEEY. AR, WHRANEAEEEE, FitRn T AR AR ERE
TMERE, £ =R, AR PRICKAHELFRRT LB RE N RS R
BB, RS REEREEE JOIE, TR S S T TR T L%
A HAR R RBE K UE RGN . R R S SR S R A
. BfEALE, WRBERSERRLAR. Fokighl s ERE SRR S unm
TEEE AR, TR R L 2R E AR . ERERT R, h=
BHA KKK MRS ARSI B R AR SR A, BSET Z8E
FRHELAMEHNENRR, RN, REEBRMMEE T BEBA TR, BR
TURSHAMERANRRGRDERWEEEIR, BEEL, RESHEE R
BT UEREASRROWET WA SHFRAER, TRREOEK. W ER T,

EREX. HTETHRINEONMASHE SRR SHTHARE, SHETR®
WH WM PR, AR BEALTRE AT K U A 9 AR T B R B

€3) A~ Hitk e

BEBHR, ATEANNSEWHRLEAS, CEELARELREHTEEEE
WHBBIUIER, SECAERBNE, Kostliiss AR un. RENNIHS
EnEBRFROKEHEEAZ L, ARET RS ARERER . 2 RERREAE
B REAVRETEE P—T—¢ % ()14 05 XA, 1990) RWMERHEHERL, A
R R

WA SDITHRRERN RS, BEERSHTHROEE. ZREAEAZILDNE,
TERACFT AR T FR P 5 A 0 T oA R T R % KT AR AL R .
RAEALTF +60°~ —00°2 6] iy R B IRARSE 0 7 339t - B2 B4 B W0 47774 J2 B30T 6 TR 4
#; SHER, b TGRSR, SEEIES A XK AR S
Rrh-H B FRBHEE N Z L. #2807 RRRHRRERED. SRUHEEBRE
BRI, B A RO A T AR i B TR R AR S
BIBEFEEH, X—ABREFE., PEPLD,

BHRBFUEOBE, FRIKGHEE S FREREE SR TSRS, ML
BREEBRGRTY, RABRAALIENE, SHEAN, RETFRELEN ST LK
TR AR B AR,

BRI A MR~ LT U . RS NS 60 T S A AT SR
L. R —H U EE S ERBUARNDRERETAR, BRERBAL K-Ar ARRER
¥129 92. 3~141Ma, B 5h, B4 H OE TRV S BURRRER A 8 URERBHREKE) &
# K-Ar §i#8 2% 83. 3Ma, B4 1 v 2 gy Bk

BELIR, ROV e BRI AR SR TR AR S PR . AR B
AR RN IR, B — ST R R s RN . REER S
Eﬁﬁiﬁﬁ&Wﬁﬁ.%mmﬁﬂm@&WEaﬁEﬁﬁwﬁmﬁﬁﬁﬁv%,@ﬁ%
ﬁ%WEﬁBRm%w;&az&mm§mm&ﬁ§¢fmdeMaa%§%£E
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ERE P AFB=CPHL.

RTAY . ARMAEFHEE. HENE OB EHEHERN+3. 8mm/a, BEHE
EEBEN (554200 X107 (UAIFS, 1990), BMBEFHEN, BV FBEREE
WM R B R E LR 9 5 3 ESR SR8 0. 16Ma, BARXMIENRE D
KL ®.

2. RV EASRXET ™

AR R R R R FRH BT RS S P RSERRHEE, #
WRAET, UBERTEANESAFSUFUENBEL, DEEEREENBET RN
AT SRR NG MR LA E LB, DRRART R YE, MARER
EABERTHALHYIPRSRTE, SLUIRIRTHEREES . FHRY
BHRA AL T 0 6 P R P Bt R Y B T A R4

Q) @il BwTa e e R

REBHBHAMKTRARRAR. CFARLENSR2E, ERTHERRANT.

OFLEYREEE~BELE, KENBERAT-RARASHFEANAGEA, B8
R, ASARS SHIE,

QBT HATTHEEE, VERENURA; KETHAFTEREBSRAYE
ety £, REMZREHE.

CFHRURE, S HRAFWRTE 0. 13%. &4 0.8% ~1%, TFe 54. 1% ~60%.
BITERERE, NHEERRTHEY, NETE,

ER—HFAB, MPEES-WRERNGHE R, LETFE, EFRE, REER.

BSh, AXBEHN L ERNEAESEE~BENNTY BBRUZEE) TXY
ST RRR BB H RIS ENET TRR I W BRI .

@) BlNBORTER

OB BT R & T 5 & BT IR

RAKWHE RBH SRR, TS E KNGS A ERELHILERR, ST S
SRAGVEBABEAGAE CETRE) . MBI HE N BT S W R 3t
SERRIE ATy NNE B . 50 0 R0 N 2 0 B 5 s PO, 5
B BN 90~170Ma,

SRR G

EXWUHBERT RIUNATEEMESE L. UEBEETR, BKWETE
MImEFETRIRR, R EEEENEE AR ERE AR RARACHET S, §
RN IR A B B M B R B B . ERE RS (1900 MENE (1993) B
. AXEUEREBARETHED . BHY . BOSENEEP, TENARERE
e, SFUTTRERLEIHE. BMIENERABRSR Y, AT HETEEN
EHEHILE . TR ARAF-EBAERT 5. RGBT FH, SRREmw
NIRRT %,

WEBER . FHRESRE 1A S KSR ER%, AR ENERRRK
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BAEHHAKRR, RV ERS KR HERRELR 2-2,

®22 ERMBEWEER

m BRI 4
T 2 g
I -
HIFIEEEE g
= (Ze|eE  [oE
2| 5e ;
" | EalgE
=| |¢ | ® 2 B T
g B % H
I A gl
& o
| |2 zs P
! (% iKY 3
IR sk =
@) gl e 2% %
E pa=3 ME w7, el JIxS
1T e PR &
. | s =
- Hamca 5
gt 5
& R uiw £
—r |
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e
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g |8 | % - T N
E| il © B
wosl S| ® wiE
» w,u.# wF| & 2
il ,& m. MW&
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W= RHR

—. HPHRE R

FKOKETEFRATF AR (Fh5E-B ) MWiEd R, RKREE R 2 EANANE
6 BT B S B R AC A 15 NNE 3T (1 3-1) . i~ B F =& RERE
NEE, RERFENT

) #F=agmunxas

) r=agwmas
LERBREBRES SREETE
[ ey Ve

B rmsrmn

Y weasxmamnms
EROGREL SBREHEE
TRAGARE LI
Jissinib i o e s PEC Tt )
MR RE 2

T+ wummns

HUPERR

(I N#e=sprzas

LB tETRS
Ewmmaanais

B 3-1 KRG o X R s I
GEREWE, 1994, MUz

O FREHNHR~ERKESMMEE RIS E, HERBES, TRY
&, ARMBEFAE, SREERBmeE Wby (8 s-2), BilE,
@ TEGHVEAN—BRARAE. AREGRAAE, RESPERDE, 5
19 —



e
YN
W R

R il

7

B 3-2 RAW~RTF B4 EHE
RN T BETHER . 1994

KWEEFE LB~ A, 70 0, WIEHER 1970 ERASHEREY
FRTRAHERHE . XAKEHTREFEEALEFZLH (& s-D,

() EFRBEMEHPH LI, W2 MIEREW. WEIEI, HoER
BEHBRER, KBEAR SR,

@ ESETHRIIHRER (B 3-2), XEWREFHTERIES. BUSAYEK
E BOMNESE. SEENERKETRENRI BN, PSS EE K &
HHERERT & (WERT-KETWENBRETNE F%.

= B EH

1. ERHE

EXRAATEREBHZRERFENELRE (H3-3), AESHESREEAH
FIRFRE BN AT EEEENELRY . F 30~50m, RELE 100 %, £FK
HERR. ESREAEMAKE, §—BAREEYE. B EARBEREN KIS, &
SEEHABHTAMENECHE, FETYIFRERBRELRNE LER. X
E%HM%ﬁ%tw%%Eﬁl*i10$*$ﬂ~ﬁ»W%ﬁﬁ%%ﬁﬁﬂa&TZ&&
REFEEFER, EEEESNART Y LR ERHAFINRER . SHL. 88
BAMAK. BB UHLKT . RET. KT . MAT. SUENMNKRE. HLLEE
HERNRBRRBZRE, BEGFEEEN | EXE T 2Ek, €0 R £ AL

2 BALE

ﬁ?&ﬁﬁﬁﬁmﬁﬁmmﬁﬁgvEﬂﬁk#ﬁﬁﬁ%ﬁuﬁ%ﬁ#%,u%ﬂﬁ
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»

Pl 3-3 K M wEE PR R P

AR TR, FEMRMTEEER R ERRR RO,

1 ETE

EZREQLEZIFTERAFTR 3-1, L SO, 48 45.36%~48.74%, Na,O+
K,O1. 77%~2. 65%, TiO:1. 69 % ~2. 48% . WRIHA IR —F 5. BB KR A
%, M4 FAM AR ERERE VM EARLK. £ SO0, (wt%) X No,O+K.0
(wt%) EFDR, K25 LBYTE Mivashiro (1978) BEHBIEZTRE LN, L HER
BEELRETRER.

31 REETUREBLCERS %)

Lk A S - 5 g ®
AEAE GF-3 GF-8 GF-23 GF-10 GF-25 | SD-019 SD>-56
Si0: 1663 15.36 16.09 45.90 46-45 18.74 45.38
TiO, 2.48 2.20 1.76 2.08 168 2.43 1.83
ALO; .28 15.78 14.74 15. 06 .53 12.93 14.98
Fe,0; 447 444 5.68 5.85 4.86 5.15 4.04
FeD 11.77 10.19 7.17 817 7.92 10.99 9.51
0 10-61 9.84 12.14 11.01 11.88 9.86 11.35
MgO 5. 66 5.78 7-07 5.45 5. 78 5.52 6. 95
MaO 0.25 0.23 0.20 0.22 .20 0.21 0.18
Na:0 1.50 2.49 1.86 258 248 1.59 .01
K0 9.27 016 | o.08 0.11 0.12 0-20 0.20
PoOs 0.25 0.26 0.18 0.25 0.16 0.20 0.12
CO: 0.32 0.32 065 0. 63 0. 63 0.20 1.06
O 1.26 2.02 1.80 2.00 1.74 0.77 0.58
LiO — 1.75 - 0.43 0.26 050 1.21
BA 100. 82 99.42 99.70 9970 99.29 98.38 99.39

W RORR BRNNER, ERICENT RBHTR NN, A W SO0 50 M L2 B
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2) HMBITE
HR TR R A BT TRETE SN, BRATR3 2P RKAHERRER
HECARHE, PNSE - R LHRER, T, SAsEtEik.

#3212 FRREBBARIIWLER X107

R Ti \ P L Ba l Co ‘ Cr Cu Ga ‘ Li Ni S | Th
GF 3 13160 | 1120 | 32.59 | 47.28 | 30.55 | 12.77 | 40.52 ) 10.10 | 37.53 [190.40| 319
GF 9 11750 1130 3179 ) 43,65 ‘ 39.84 | 28.54 | 36,02 | 12.94 41.85 | 277.00 | <23. 00
GF 23 BSGS | 806 | 7.81 | 4188 | 74.47 | 46.58 | 29.45 oot | snoo7 | 21660 | <300
GF-25 12210 1177 27.86 | 45.29 | 36.74 | 25.47 | 44,42 | 10,46 | 41.43 | 322.70 3. 44
GF-35 1701 733 64,14 | 29.53 | 96.99 ! 41,30 | 18.53 ' 14.59 | $8.95 | 212.50 | <I3. 00

RS v |z | ¥ S 7 | Te B | F c Bi | iV
GF-3 [ 410.10] &s-00 | 28,78 | 37.72 | 8L50 | 01 | 1.6 | 620 | 110 | <10 | 33
GF-8 374.8 95.00 ) 23.36 | 33.04 7254 J 0.1 f <1 ‘ 530 290 <10 3
GF-23 | 318.10] 75.00 | 18.28 | 36.34 | 6189 | 01 | <1 | 210 | 100 | <0 | 27
GF 25 385.00 | 94.00 2.99 34.93 | 74.44 ‘ 0.3 j <1 240 190 [‘ <10 31
GF-35 l?ﬁ&» 00 | 45. 000 14. 40 1 28. 20 46. 33 ‘ o1 I <1 360 70 i <10 29

SFRE, ERGERERMR L.

TEHRUEPTHECEERN TR, FFEH-04X10 "~14.59X107°, HBHTE
BRIRERE, RE—SBEERRTARERE IR TR L ELRRER.

5 IR TR N 0. 1X10 ~0.3%107%, HKEHN0.1X107°, XI5HE
(1976) & AT EE AN S, SHBRLFIEENETEETRE TS REL
g, AMFRERY, IUERETHHELALS FAC, 7B,

Wass (1988) #8 Ti/V LG KR LR BB R, HP 61 ~00 BABUAMIEE
RE. AT 0 BRTARBENAZRE, M 75 HREEHTR S, AR LRE
B Ti/V R 27~33 (R 3-2), MAKRBRSHREREERE.

@) WETH

KABELRENB LR L BT 70. 54X 10 ~121. 81X 107 2 6] (3 3-3), T
$93.34X107°, FARERUBZRAML, X5 F WM, BHREES (1000) 84, &
HAMZRENBLERN 1547310 °, REWE 1988) WREY. BFHGTHEMN
BB LZREHHLERAT 40107 ~ 113X 10 Z @l KKBEXREW La/Y
K 6.54~8.75, 8Eu {H % 0. 48~0. 65, AR LT RMBIRTE R ELEIE (B 3-0) hREL
R RAFA T RS, RHES [T Z RS RS (@35, BHEE
HER Fu T 5, BERNEL R GREH%, 1088,

=\ FHLRHIE

ERAKUWT R, BRI LAY 13 AP HUFTEXREEN, TET NE fas
PR M BKIEME AR S X B REETLERK (33, SFEMAN (1993) B
TSR I LRSS B A WL, (Ek R Tl k.
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£33 TERENWIARG LR

Lt GF 3 GF-9 GF 23 GF-35
La 18. 68 15- 60 11.38 .72
Ce 42.93 36.51 27.72 25.29
Pr 4.38 424 324 3.00
Nd 25.50 21.54 16.28 14.05
Sm *6.02 509 2.97 3.29
Eu 202 183 169 1.53
Gd 6.85 5.64 1.56 404
T 1.0z 0.82 0.64 0.56
Dy 6. 07 4.97 3.93 3.19
Ho 128 1.05 0.77 0.64
Ex 302 248, 1.93 1.51
Tox 0. 42 0.35 0.27 0.22
Yb 277 2.25 174 1.3¢
Lu 0.35 0.30 0.20 0.18
E-tl 121.81 102. 67 78.32 70.54
Y 29. 57 23.89 18.94 15.25
S 27.72 26.37 27.80 21.36

La/Yb 674 6.93 6.5¢ 8.74
3Eu 0.4 9-52 0.51 0.65

AHEL, BRARTRWRBRL,

HAERA

3

Ta Ce Nd Sm Eu Gd Dy Er Yo Lu

B34 RABTFEELXRER I TRRERGFELER
EHRARLE -2

WO BRAH AT HA, E@ELAR 5°~30°, HIEHEHE 275°~300°, {Hify 40°~65°, EE
THERMEASZE “A™ FROREVB (H3-6. B 3-3), FHEE 10~70cm,
FKAWT RRT TS HE0 R BB, B, R BRET B, B
oy —



s00r

HT /R
g

Sh
104 5
L Zel4
e
LaCe Nd SmEu Tb Yh Lu
E3-5 MNERELZRART TRRRBGRELETE EEaRs. 1980
I—TRRERY - PHELRE, 3 PHRMEE: —RERERS

l l hnl 2 ] sl l
hl s} h il -
l il a3, T il oo 0 1
ST I B 2
il A . | il = l a
140
)y iyl N
N i) ol
@
o 2m
—

B3-6 LBWE R ‘AR i
- EERE KB T HO PR

BrEREGy - RATHE. SRTNENTYRERERURFRTE 3-4.
BRET- WGV WE FRETET EASRT, Wl 13 £V K ER, BRK

REENHHATAGERNE. TEHSUBRET v, ASENFHEREATE

BB (1~5em), RETRBN TRRKTREFZH (B -0, EUEHRY FIOR

BRAE R M BB R R0 R A R RE (B -0, RETH B RS SARTFRE BT 5%
o4 —



#34 EFVHMRATHELE

L 213 [ 9 % 5™ 3 £ 5" B B e 5™ I B WRY-TEE (AR BB
HZE
BEEH
AWE
ERY
ER-ERY
BT
Hew
BORBE Y
HET
BREY
BHRT
BT
Lils
&
ARH
AHHET
L33
and
[:3:38
FEET
Rx®
i
BEF
ARE
BRE — —

iz

SUE
a%

MEE

FRA

L%t5
BE )

HEWE

SO ZE, FENRENURY. TELRTYNERIT Y. BREF -5 REKT -
BORIEBT ~HRT R B RE. BT MRS T 5 —REVER, RETURES, £
EROES. Bif. BRTRREG. BRKE. EREASAASE.

TR B . PAERSRET SE, HE yRWNEE, SAREET . R,
SR, BRS. AFRET, BRBREMREDY . REVARETS. KETOUAE
AHE, FHNRE. BEH. BERARSE, E10F KD, o, 12 S5 Re—5%
BPHEZ 88 BE 15%~20%, % 12 55 Hob L BBk e S5 8 R Bk i
Wik, RERSE 2~10cm, ZWERHH EERTHER, § 5AHH LR TKET W
REPH (EK 1-2). BRRBEEKTESEWTE RS0 SHT Y58 R
BRFAZARKASEZE MRRRASEHWTE CERETHRTES RS ).
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37 SR Y R E S R T
1ORHRE, WETES: R

EER L ERYT R EST RS ERNTHESRY - BRT AR K. WRREAR
-~ NBRFYE B — ORI, K SRR T N BRI R ST L bk
MEBEA (3-8, BTE—HERT FRENZEY, A8RT AR KD EHER%

W3-8 12 SRR XS hE
1-MRET RGOV E, 2 RV T 0. 3-RAEKGHZRY, - HXHZSRNER,
S—ARRWEMREE: s—RWERBEH

B, RoRERATIEARERTHRES K EAENBEHZERE, RETR
BT R I BT R BE KD KT U SR U A FE S I, T LRI R B R G B
&, XEEEEARK 105K, BEEKk, UFRIA.

TERRTE ST B B R M B i, TRBH SRS ERORRY. &
WA XM (B -3 MERT . BRI XREM. AMES T LRTKESERK
FIETHIKT RET 29, SHSMBHRTOLSEFET . EBEYFRTDRRE
EERTBHBRLRES,

BT -EWT B R, SO 5 T SR R A0 B 0 R R A R B
(M 3-9) WREEBT R AT b, BMBe LR, BRRS. FRSNERS

— 26 —



R EPERMEIX10~15
X10°¢, B ERFZEE &
PR ERT L, BREE
(1904) AR5 Br 42 B K 0. 04
K10 *~21.38X107°, B 0. 01 X
10 1~0.89X 107",

W, R EES G E

1. TRHE
B LURBERET AN E,
Eycin g3 B R MM, B
S A AECI R,
B30 & & e O KR TR I WEARERARAAREET
B R bkt 9T o)
WAL,

SR UHT R RES B RS, WRBRKET T, BEmesrsex
E. REBLBERRGTE G BOROBBET HE Te. Se. Av FTE. SRWHITH
TR LB BN TR R ST KSR &,

R AEE FERET T HRERKFEL S ARG ERRE KT HRy RREiLy
MR, ZRBAMLE “Bel” REMEK.

FAURRNE £ B R th B B R K AR R A ORA . TEBOIRER T R
LRSS, BAHTORETEHAOEE AR,

BREWEN R D ERRET AR RARERRFE HRBRRMEE. £
B EPERE.

2. T athn

TEEWERBE S hEREE, RGN, BERIREHERRTBRER. T
RMTEE (/B8 SREHASURT USSR FELEEL.

SREMLEN B RYE. T £ EHER (T3 3~5mm) A REAEEH (HIR
[-4), MARPRMERR. BEE. BETHLBRATRELTFEERA. £XK
FUEET LA~ ERRRGHE. HESNNTYET aRE. HEV. GENGRE
BT LSRR

ZAGEHR AR BERET (sumoite) TRBHHKT SXREH. EWRT TRY
ERRRREHOREHE. RETTRURET B RRSAREET HERE R,

E RSB AN RS T . ST PR ER. MR, R, st R
dBet . - BNET AR .

TSR BT TR LA ER (O F 5 EX) RET AR

4cm
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HEmBHRS . #E. FESRUANERLY. RLDPTERET.
T, T AKEMAS

1. URER

BEANSG . PEADEENRST-URKTTE GET R EwETTE
CHET ). RIRERTWER S L. HRT-UEKT T XTUS R EEHERT
MHBD . HERREMSHERR HETYEEIEEL): SHET T HLTL Sk
K ULFERALUESST S EOSETHAER) SRR, dESRBRRTERERLY
HETERI IR S SRR OHFETT, Bl THWEEs LR NEE LS
nZ L, BT E LA,

2. U hbER{b st

FIF SR SRR X HRTOHEA R AL % A BT A .
MERRT EEH#TT EFNS . BRTREBLTENKIF. FiEONRTASE
R R R A PO A

v Sl T EURMAENE, WRITUEKMNA, SEF KD ESHE
0-1025~0. 2255 (3% 3-5), BMEFE 1. 32%; W31 01%~42.12%, Biik 44.70% (B
3-5). REPHH Au (0. 08g/1~0. 24g/0) F Ag (0. 15g/t~dg/t) HINITEER, {EIHFiL
BT, H— RERE Zo, % Ph. Zn/ (Pb+Zn) RN 0. 75~0. 45, EHRRTH
B EEAS URAE. BRRTHM CO, & 8E 4. 259 ~42. 98%. Te (5. 4X 1075~ 445
X107%) A Se (1. 2X107*~34X107%) RHMP L, EILETH LA HEREH, A E
RMATRIRRY Te 55 Se ZMAFEMX KRR, SHI T ML, X0 EHME B
B, ik 6X107¢~20X107°,

x5 IRF B GEPNARTBENFREHSE (X109

RELR 1388 | 1288 | 1BEK | 108K | 9RK | 129K ! 129K | miH
A PeFo | Prbo | PyPo | Brbo | Byepo |REUW) sRE ]
R R 3 T 2 2 2 3 2 1
Zn 32 26 30 19 41 32 157 720
S 16 13 2.7 3.8 1.4 18 105 <10
Te 9 45 22 1 6 752 2812 (%)] 588
Pb <s 21z 12 <5 6 13.6 269 184
Bi 8.5 6.3 9.4 5.8 3.2 642 Mo 20 (%) 1100
Au .20 0.02 0.10 0.12 0.04 0.12 25.63 | 0.005
Ag .79 0.22 0.25 2.08 .45 124 204.3 1.70
B 15.2 14 13.5 5.8 6.4 <1 <1 8600
F 9 0023 | <0-01 | o.012 | o0.013 0.024 | 0.018 |25x10-5| 0.036
CL(%) <001 | <001 | <001 | <001 | <o.01 0.05 [65x107%| 0.15
LCu (%) | 028 | o1z 0.77 0. 10 0.22 123 [163X107%] 0.043
5 (%) 3648 | 34.88 | 4z.12 | 3ol 35.79 13.23 3.87 547
RT3 0.99 135 2.65 12.2 0.41 20.09 9.05 135
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GF-3

GF31-1

X
GF35-3

24/ BARE

Sc Ti Cr Mn Fe Co Ni Cu Za

B 3-10 FHEMELLMERTRRRRA RRILER
GF-3—HXRE: GP31- 1 BRETHEVEE,
GF35-3—MRlUE 5 F

TR T ERRKET RGN
EEFR, HANMY. Te0.2%~10%, B
BH 15%~25%, M® Pk 34,5855, ©LB
RBY GEALEWTWHRBi3%~10%,
B H 20%~32%6, B®ik 57.20%,
ARET AR Au, Ag. Se fll Cu G RET
A, H& B FI% 39. 63g/t, 204. 3g/t, 105
X107 3. 87% . B T EBET § 4 I H
W REREY . AT ENRSRTRE
VIR, HAXRREAT 0.9, FAMNEH
SR /NT 300X107°, KRRBRBHH
. ERFRT AR, CO, F/] 15%~
25%.

WHTETR . KIKAW D BRTE Tl e
B LA IR AL SRR
— . HRBHRETER, B Te G R
BRI (586X107%), XAMBEE %
BT —ROHT LS, ERATHI LY
HWHETIRR,

BRT AL ETRGRERE %
WRAE (3-10) RBREE B Y81
fRUPE, BAEE Cr #1 Ni 4IE, Co SR 4K
RMEZT, A ERHELRENRS
NIRAIE Ti. Zn AR Ni, S0 KRS
TR, Bk R RETEREE.
RMATEXE SHAES.

HFTEARTRE . BREKEE 0
LEEFARHRL,. REV-HKET 5
EYHBEEMLTH, La/Yb i 0.81,
SEuf 0. 49 HMMHETH, MV AAHE—&

BERDY Y, BRLERHNRE, La/Yb I{EY 7.6, Eu ¥ 4. 93, RTWHBEHN K,
PRV B3R 2402 REE B R+4E, 5502 1. 87X 1071 4. 18X10°*,
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FEWE  EAME

—, EEMERSH

ERKIHT KT, REFHFIEVHFARMNBARETXET. PARREL. &
o BESL, 928k, KL, RRAL. @FEL. B-BRETEANERBSEL.
TRRRGT-URET I, TREFET I RRBTE—EXRE/MK, FRILFEXR
AR, RABRSRBRENENELBERIAH,

RHT MRV HAENES TR ERERENFE, AT KaS TS
(Be4-D F: HRBEEEE G~20m B), UMAXARBEZENT, AIEERGHENIER
REK, BHVBUES . BIKA. RETANES,; EARECrBERWALEE. &
K 8~1omm WHRAMR AR, WP HEHRE . GTA. HKA. REHGRHBMFER,
AEUTPHUBT . BRESNLHEY, AABRZRRERELY, TEABRESE
SRERE. FRARMKE. O5B4, THURTHLRREY: GRERBME

AW, EMRAZAERRAK. BrE8RERAHR: GROMRESL REFLR
#).

a1 REFEEKTRAROEY BERE
IERST REVK o HRRRSE, - ARRAARATAEY,
I—MERAREBERLY: c—RROMEER

WY RARNES RTINS ESNES G R FE, AT RSN
(H4-2) F: ARFBEA=FEHE, BT IETHASBAF WA, EHEE, @5
GNEE ERTYHRETHFRS, TRATTRGE, DFREYE, THRH. 5
ERHRROY . FENDT YA ST FREEEREEH, RRREREEYE, 2
RAZHNHARE . TEATWERFGT R —RRET . BT, DS YRRERRE
&.

Ph PR 08 R AR R A ) L T S R B R R S

m?ﬁmﬁfkﬁﬁﬂﬁuﬁmmﬁmﬁé‘QM&&E&Q%M&&&%&%o%WE
— 30 —



B 4-2 W Bk W00 B 0L S A
WP —AREE IR, S-ERATIREY, —IRE
AERWAH: S—RREMERE

—BHIE 12 Sk RSV EBRET R ANMIES Y AEBAGN. BREEMSA
S, FELRHRE. FWEHRKE . XKARBEBERHRRERA, RZHFR
WEBEZM, WEARKHICDERRED. WIEHERMAREEERZ Y, X7
BAHELRERRE, BREFRRINXTRBZSINNBINEL Y, TEAREL
T 7 B B3R

s, E— R FI— A 2~ Sem WM HEF BT MO RRTER (HoH
BIRAMAE) AMLEEENERERS. TS ANARAAK, BERREEE, ®
FAEMHEEIREN, EEEKERE, HEGRAMK, Kik1~3m,

. EBREETY

FEHARMT R, BETW AL 20 EH, TERRBUBT Y, FKE. A58, BEE,
ANER. a5E. GENRTEE.

1. BRETH

BMET YR KPR EEN—HKE T, R —HLEE TN Ty, ME
BTFREAT T L R, FRATE 43 . XERMETHUASERE, BAHH
WA BHSRRET REET SBETOLE RN, AZERAN TH 1% ~ 0 %HBET
BT FEEE CCOHTFRT 00%. BHKE, EFRTAREESNBEZ LETRA
BHHRE. SRBELT WP MiCOA THRAT 1%.

2 $EE

HREEBHATFY RFANGRES T, SRUATI k. REANEKT TR
U HPRSHRE R RN, FENFREA, HAn 4T 25~20 2@, WK
MARESHFEEIE, RAKES. A0 T8 0~3. WEHKE LEHFE O 40F,
R SHRFARES 2 HENERRRESBPHEL,

3 BER

BARE—MBETHHET Y, SHUASIOEREL. AT HREN, BRE

g



CaC0x

(Ca,M3)CO,

FeCO, ~ MgCOy
M43 REAS o CaCO, —FeCO, —MgCO: R4 ER
RS RESHENK . BRENEAEN Ng—FRE, Nm=Np—RE®E. 20

BB T IR AT RO AR RER 7RI BRI EFLRF. K Fe/ Fet+Mg) WHEER
0.42~0.58 ZH), WPEM 2R BHZBHAMER,

0.7
2
3 A ><><><\)< 3
&b
0.5 Ag/a Tt
0. 3 1 1 1
-8 2.2

.
! 2.6 3.0

Fe/(Fe+Mg)

AlY

B 44 BTE AL Fe/ (FetMg) Biff
B2 —RE-GEREHY - REF-REFE. LEL 2y PN Pt

WY —ET RAMBEN R E RO REMTER, EH PRI Fe/ (Fet
— 33 —



Mg) WSS/, EATHAMFES, Al EZHHEE (H 40, EREFRES, AlY
£ T HRE S, Hik, ATRESMEREEE, 2o S RRMK, HURTKRS
R R TAEEE. SaRUNEE.

4 BEH

HBEBEXSYBTRTY—HRERATY, £ TR ERRE. azahy
BAE—RENETERATY. ERKVERRVTRY LARESZE, KBEAGRGEF
AR B AR B A BT SRTRE XMMEEE . B R R A, LS Mg
A Fe HPHIE. BEBFH K 8 Na® BB, 3 Na,O Bk 3.13%~4.29%, KO & ]
4.12%~4. 36% » No/K [LFHH 1. 07~0. 58, H T BLH 5 5k + H T8 Na.O &AL
0.71%~0. 87%, Na/K EFHAM0.11~0. 12, HEFTFHERETE TN B8,

YRR 10 BB EEM A B TS H P A, AT RIEE. OGP Fe i
Mg FFHE#HE, TASHHHBNERXER (B 4-5).

Fe BiF
°
@
2
8
x
o
L

0101 4

1 L
010 3,30 Gar 0.4
Mg BT
B 45 HZRE Mg RTB Fe KT HEAK

1~ - HREHE RN I-EREZBSREN: L-FREGASRAH;
S—RBEERELNE o RBETMRETKIAEH

5. ARA

HFEXRENRT ZEE, THEMERENREF NGRS RE., MERT
BEHATLE R T Leake (1978) IERNRASBETRE, HO7 KAENNG AREE
WH, ZRAETHNEGRERNG.

6. kR

ERKUHTE, SWAUR—HBHANT Y. KB Fet/ (Fe™ + Mgt +
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Mn'*) WS SURTH. APRRRES K B-E7THEHANOREST, #
Fett/ (Fet* + Mgt +Mn*") H{E W 0. 656~0. 663, Si [JFH W 2. 75~2.84; FHKPF
DR BB R B R R, B Fett/ (Fe*™ -+ Mg™ +Mn®) HAHN 0. 491~
0.523, Si [RFEH 2. 63~2. 67, P & FRES TR Si 4 Fe**: R EML (Foster,
1962) 8%, RUENL IR TFEERANEERRLEL.,

=, ARE IR

MRET RN T MM s, &8 5H 6 Na:O & R LAY 3.55%—~
2.34%—~+1-420%, KO &8 ¥ 1. 74%~0. 70%—+0.39%, FeO &R ¥ 8.33% 9. 729
12.00%, MgO &8 6.39% 7. 26% 8. 76 %, TIO, BAERBRE, B 1.58%~
L7622 . BRI, T3 AU B, Na A1 K A4 MR B K B 558, Fe Al Mg
FIAES. SRR ER TR S BIGE. R TR i L I 2 2 hy)

EEERELRT, HLTREFLRHFTRETRENST (846). MBEFIK
Eﬁﬂ%%@ﬁ.ﬁii%ggﬁ%.uh%%ﬁ&%ékaMTwnﬁaﬁﬁwws
E&KE%%E*.umkwﬁﬁﬁ(Eb6$LER%F%W%E&%¢Eﬁii¥ﬁ

HEE(E%@.uhm&Eﬁ&mgiﬁ&&@%Eﬁ%Fﬂ*ﬁiﬁ%Eﬂ&%ﬁ%
YA,

BE/BRRBE

Lz Ce Na Sm  Eu  Gd Dy

Er Yo Lu

A 4-6 i&@’ﬁi&@“ﬁ”ﬁi&ﬂﬂi&ﬂ#ﬂﬁifc!ﬁ}iﬁﬂﬁm
IHARZ S - WARRKARERE, STHARRRZBEREY, — SREHERE

uEﬁ%FVﬁh*@%m&ﬁ%%&ﬁ&k,EE%&FWK!W&QF%%&W
a4 —



BA /BREEE

La Ce Nd Sm Gd Dy Er Yo Lu

Bl 47 HHEVREABMESFNRLTRAFERE
I-AMEAZHE, P RRATHTRER S REARRREH +— REEHERR

ol #4 AT Rk 1 6. CO. & M 25. 28 %6 28K T 10. 26%,Ca0 & B 24. 61%754L5) 8. 75% ,
SO M 0. 69K HIE 42. 85% . T AN S ZBEEHFS, KO 8k 3.89%, MiE
KEEE 0. 68%, ATREE FIXRH I BME BABAL, &0+ oML TR AR
EERBTHAMER E 4D, ARLWTHASRET WHLARE, REE S 4BF
SRUBESRAES, BEAERARRE,
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BHT A REEWEOE R R E

HET REWRFWREN . 7 RE0 e RAEEERRH R ARy KRENEE
TR, KACERT R DD Tk R RPN A P EE BRI, XAV R EF
BT T RERS.

—, K-Ar 4

1. AL .

R B, R -R KT R N BANEWL RV R ERRAEHT KT REEY
RAET BB, R EHAT T K PE RSN ARG, XY SR
TE. ERNERD AR, 5% BRED T HRAERET T RENS A TAUERS
BREZSINEMERMERSF . AREBTERRFHBREBNAEEH K-Ar [
SRME, Bx LARBMHBRNET IR, EOKETENRSEDHE, LR TE sy
ZEHMEEAK. XHKUT 50 EABRGT 9 KT,

AERHTT 8 FERMT I K-Ar BAHECRMR, BRI WEEG ¢ 4, BAS
2ff, RE2H. HR-FRTRSL s BRENMRSIESA AR ERERR. o
5 HEEFHRRLAT I, BRAELRT HRRETFRN, o0 (A SL-09)
EREMBE TR, &ERENMRNEAMNEDAE SO R, KaFENR,

2. @RI

WRAER GR5-1D R0, BB RS REEY RV 0B Ry EAEET 1.7
~165. 1Ma Z [, AR F # il For 8. B B ORSRET R0 ED REEA AT 80.9
~149. 86Ma Z &, FARF-RIMH K 110. 86Ma, THRELFEERIFY. Bk T AXEA LEG
TEH BRRTER T ER L E RN T A—Jraey — AN, SR eRLEE Bk
HYRTEE.

51 KKAT R K-Ac AR N

e | weg | Wiy AT Xl AVHR
™ SD-19 MEHFRIE 177.741-6 WAV ERASRR
f D20 RERTARAS 1651415 KAV RRATHE
) D21 BEEFRE TR 80208 | WEMTATRB
1 SD 23 BEEPOEES 80.19:40. 74 RaTRINE
5 5.0 WERAZENTHAZE | 917120.83 T AT TR
5 cL1 R A iz B ERT AT A
7 1-1-2 } MEEREHER 149.8642.72 wwkT arnE
B V-1 ELRE 253. 07325, 90 THES




KT RS ER— T RE R ER) #1T K-Ar SR F G R B
i KO &K 0. 435, WK K 253. 025 0Ma, X—HIRW B ET=BL. 5=
SLEEUXRENR L AHEL. EHESE0EE, TRNEZRENEALERY
BTERSEGEUTRELZRAE. dTRAFNESRLMEELR “S84” XREE—
B ETRAR N T RE. BER 0990 YN SREAUBERT _RLTEZRE.
E—FREEOHR, TUE-SREIBREAOHABR., BEFEIREE A
Bitgr, EHPOREEY. MESAKEFEANRT BE =80T ERE,

. Ar-Ar RS

BT — 15 A K-Ar 352 RERH S M-, BN 5 AR L BB, B K-Ar Rl
MWAZFBHRE EER R AFEOF L, EEERLERERERRR. Hit, &%
RACAr/PAr TR AR 2 ok 3 TG AR R BT T B S .

1 RERRRE

EIROKART R, 2STRERIRETEAZE, BB SR 15%~20%, 8=
BEMREENL, URGEEATY, SHEE. FRE. BHET. GRSTYRL
EXRF. WA GF-36 %A 12 SH, EWSH DL 50m &,

CAr/TAr FEWE E A ER R AR AT RN . AEM. SERAFRES
HOZE MM-1200 BHRT R8T HASHERREE DT ZES (1986) Hl., WidER
FIF K s-2 fRTE 51 FE 52,

E52 “ArATRBHAIHER

BE oAm | BAm | FAm | 9'Ar | (PAD, [BAc (mob|  PAr | &M@

© | YRm | FAm | PA0 | PAc | o | omae |00 #m| oo =
400 3. 600 0. 00499 0.2126 2-138 59.37 90.27 0. 89 59. 48 2: 60
480 3.016 0.00139 000563 2.603 86- 32 179 34 2.66 72,18 .73
560 2.936 0-00118 0. 0033 2,581 87.94 464. 89 7.24 71.58 0.82
640 3.150 0.00105 0. 0000 2.835 90. 00 380. 92 10. 9% 78. 47 .89
720 3.713 0. 00049 0. 0000 3.563 95.97 2041. 00 31.10 98. 08 1.02
800 3.425 0.00017 0.0018 | 3.369 98. 38 2314. 67 54.01 52. 87 1.01
880 3.342 0. 00039 0. 0045 3.222 96. 39 1145. 60 65. 30 B88. 91 0.90
960 3. 446 0. 00625 0.0009 3.367 87.72 2199. 20 86. 97 2. 81 0.93
1050 3.640 0. 00035 €. 0414 3.531 97. 00 1129. 00 9%. 09 97. 22 1.18
1170 3,831 0.00121 0. 0000 3.467 90. 51 164.72 85.71 95. 50 1.09
1250 16.612 0-03278 0.0583 6.923 41. 67 18.30 99. 89 185. 91 25.00
1400 23.333 0.05238 0. 4506 7. 888 33.79 10.50 100. 00 210. 37 20. 68

R, B AR B R SR

2. BSRFATHE
BRI E 2 BTHERMR (H5 D KRTE, AHSKAET T REE
FRZFTHREY. WIRM 100CH 1400C IRFFRER B 898050k BETIER B
92-101. 06Ma., Xt 720'C 21 1170°C 1 B3 M AT B L A9 BR4) SR BEAT WIAR L 2548 94. 10
37—



300 h

200

H(Ma)

AEHE=94.1+1.0Ma

. . " L
20 40 60 80 100
BERE A(%) -

B 51 EEBCAT A THERE

20000 [~
18000 -
16000
14000 -
12000
10000
8600
6000 -
4000+
2000

“Ar/ YA

B A=399.024227.46
FERALE =03.7943.44Ma

L n L L " L n . L
0 600 1200 1800 2400 3000 3600 4200 4800 5400
¥Aar/ PAr

W52 [ Ar-Ar FebRE

1. 0Ma X85,

M 720°CE 1170 CHEE BT, Bl 8 Ar/SAr M Ar/CAr IERIE R —RES (H 5
2), 74 93.70+3. 44Ma HITER IR, HITROWE ("Ar/7Ar) ¥ 399.03, HHEH
ZHRETH — B RS EE AN TR, i TR SR SR T DU IE S g
BLA 93Ma FRskE A IRET BRI R BT,

LR K-Ar &R Ar-Ar R ENERY, KKEHTRRMIERVRRSHNEE
F 170Ma £H 03Ma £, ERR EFRAMN-RAAZBHAZEH, RiCHEENE
5%, WHAEHLTRYBRERAEOY.
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FARE ERTYFIEAREEE

FERKETHE K. TWAG AR, L5 REED 32 F GR3-0. X 32 #9 Yy
B, SRTWMETTWE 17, HFLUERE T, EWAT . BERRTHRET RIE
F. L#EFY, REEIRSBTUARENFE. LEARETYIHERZIEAT KR
RgHTEEMHE.

—. R

FERH T LA ARG RBCR B ERT R, RURTFHEEZAEBRRTAE.,

1. HENR

B ERRPTHFEERR, B2 1~6nm:; ERRKTATEEHRLARS,
KL 0. 3~2mm, $RE, FEYH, ERAE, TF 0001) BRFEE, BMEEEHNMT-
3 R0 TR R E , HAEY 20~80kg/mmn?, H02 THEICHERE 1~2, SEABAKSER
Bk, ENFLRTRE, %R 7.15~7 28/em’, BEK,

ERET R ENHAHNE, HREVAK. ENSARE, FHRERER. KK
EREBWME.

BPRAMPV-1 RBROGRBE, RERNE 61, BEHICERME, THE o=
563~571nm, MBEL (p) H0.0274~0.0330 (%6-2), HELHEETFEREENE.

61 BREVHEHESRG (R

Yk (om) 405 136 480 526 546 589 644 655

R 56.90 57.20 59.00 59.80 §0.20 66.10 60. 00 60. 00

Re 48, 50 48. 20 49,60 51.30 51. 60 §2.00 52.10 52.10

Wil MRV =B RGRT AN AN,

%62 WRBYOEERN

e
Lt BARHE %&_ LW e (am) | MRS GEED o
Y

B 59. 5880 0.3346 0.3397 563 0.0274

R, $1. 1877 0.3383 0.3420 571 0. 0330
W WY ARG R ST B,

2. feah
FURALRE 0TI 3RO T RS BT W BRATR 6-3. AR 63 7
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PR, 10 SR MRS AR, BRRTE SR SRR AR B
FHRATERNEES. HEBES RN 57 65%~58.68%, B 35. 20% ~36- 4034,
B 4. 59% ~5. 36 % » WHIK K 4 SR BT B TARER R 9", BT LU AR A
4% (Shannon, 1925; Watanabe, 1933; Webb, 1935; Sarkar et al. , 1969; FMEZ %,
1089) #ATH M. B4h, AKUERET SHRENE. 4. B, BTE &, il
THULRASEARBEETHBRT . SNETREETEY THETSR, F5E 14~
10. 7g/t ¥ 2300~~3400g/t (6-3),

63 BRWVAEINER D

FAREE BokeE BRRBRKRTH BRRTE

HRRS TB1 | TB2 | TB:3 | TB4 | TB5 | TB6 { TB7 | TB-8 | TB-9 | TB10
Bi 58.42 | 58.29 | 58.55 | 58.66 | 57.65 | 58.40 | 58.31 | 58.46 | 58.24 | 58.68
Te 35.20 | 36.00 | 36.00 | 35.90 | 35.90 | 36.00 | 36.00 | 36.00 | 36.40 | 36.4
s 4.867 4.67 4.78 4.70 5.36 4.59 4.77 4.75 4.76 4.76
Fe 0.28 | 0.46 | 0.055 | 0.040 | .92 | 0.16 | 0.056 | 0.031 | 0.14 | 0.036
Pb 0.026 | 0.028 | 0.030 | 0,032 [ 0.030 | 0.026 | 0.03¢ | 0.638 | 0.030 | 0.033
Ag 0.023 [ 0.026 | 0.024 | 0.034 | 0.034 | 0.023 | 0.033 | 0.030 | 0.031 | 0.032
Se 0.016 | 0.020 | 0.020 | 0.020 | 0.026 | 0.020 | 0.019 | 0.021 | 0.017 | 0.019
Sb 0,025 | 0.025 | 0.016 | 0.014 | 0.015 | 0.028 | 0.018 | 0.015 | 0.014 | 0.010

<(pg/®)

Cu 49 23 45 59 80 3 132 52 56 53
As 11 5 2 3 <1 8 <1 | <1 2 14
Au 14 | 32 26 | 26 | 34 | 107 | 30 | 30 | 32 3.1

WRAL . EEMRLRMRD L FHFE: LAX.

3. X SR

EHER AR ER D R R AL T X SRR HMT. ZRAH. #HE, &
FE 45kV, B 450mA,

5 {FEEE, (AT 2 BATORD RN 3 AR EBBERTE) M X HRRSERRER
B, HNESEAREEHET T2usd (e,

R X AR RUGERLT AT HE HERSEF TR 4. RRTEHE
B a=4. 252~4. 253, c=20.608~29.612; WRRT BT 15 a=14. 241~
4.246, ¢=29.501~29.536, BI—HHLE—H a8 c B ic, BAURRERBR,

4 RELX

AT MR A RERBRH S B REBMRE, A —0.5%F 2. 1%, &
RFHIEN 0. 58%. Bl G2k 84 A B A WREM WP, RALEHAHETLRYE 2
it RRIAY S — bt . i b T A A W B & R B R R B T R 5 B MR S
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100 200 300 40.0 50.0 60.0 70.0
8

B 61 B (TB-1) X HEHatiss

X4 BAUGTARPHA

e FERN M (1079 | cH (107 ofa A HE (V)
TB1 RREE 4-252 29,612 £ 965 463.76
82 KRV E 4.258 29. 608 6.962 163. 65
TB-S BRRTEH . 4.243 29. 501 6-952 460.01
TB? WRRTE 424 20.529 5.963 1459.91
TB-9 BRRYE 4,246 29. 536 6.957 461.08

WA RRE PR R TR KW,

BEXRREER MR,

5 WitHgn

ST RN Y, 8 1851 £R 3 (Whitehall, 1851) LIS, £RE. &7
BB, BAE. SER-PESE - SHEMPTR. Paling (1975 METHEKEH. £R
H, ERFHELZUNALERTE MEE%, 1985, UNEHFUBTE (Ren,
1986) MMITEALZ SR K Gh—IL%, 1986) RBAHERET . WH-LE LY KPee
WP fE — MR R, BTHE-RHHTE. SXHEEHNmET 58 -HKE
HAEET VT FEBPILDI R, &9 RABT R, TAKNT RS, EHLVEIEE
BTy, AmtkERRAEAAA REGHELR FEREL.

RERA T R R BT RN H S, E T AR SN RER R
EREARGE. &, #, CAFRANATE, SHREBRTREMNE. HEELNE
SEWHD PN, STRFBMMZE, UBTRARBMHSHNE.

EHRT MMEALRN S —LRER, BEEMHT 8 S=0%RHE, U5k HRE
REEREFHX.
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. Ewew

1. — B

BREMBEHDLISL, JOK AT RN EERILY TR ERH LT, AR HEN 1%~
595, f£ BB TREBN BT S5 T 6k 0 SRRV RaE L, FE2TMN
AR, BRBCREE AL . EMETHEHET GO SnREn s eiE,
RApemt, MEE: FRENATRILERET SERET ELLN, 5888, 8
T ET YL HPSRAT N E BT BR T B  EE N HE.

T ST VU I S A R U S O SR BRI S0 36- 2, 43.5, 44. 8 W 47.3. B
WENEEEY 192, ZANEHME—HX TSI R SRR S8 E A R Y,

SRR, REFFEE DA A9 54RO BT RO Sk 0T RS 0L TR

2. BAREE

T EEHED WETRE O RIE 65 R, TP —IF8 T ILAE 0T e
WY SWHT (hedleyite) B—fRTWFIFIE, LA LF.

®6-5 TR B-Te FMETRUTRMILER OO

HERE | W& | Te Bi S Fe | Ca | As | Ni | Zn | Au | Ag | BRR| f2st Wik

37.54|62.02| 0.01 | 0.03 | 0.04 | 0.00 | 0.02 | 0. 06 | 0.03 | G, 04 [99.73| BiTeo oo

1
2 36586200 0.71|0.09} 0.05| 0.05 | 0.09 | 0.10 | 0.03 | 6.00 |99. 70| BiTess, | T FH MM
3 |36-57(62:20| 0.110.09]0.05]0.05 0.08 { 0.11 [ 0.03 | 0.00 [99.30| BiTes a6 b
o2 4 |36.18(86 BiTx AR
+18/61-56] 0.87 [ 0.11 | 0.2310.150.07 ] 0.06 | 0.01 | 0.06 [95.30 BiTes,
“ ) e
5 |35.58/61.61}0.73[0.11| 0.14 0.04 | 0.14 [ 0.07 { 0.00 | 0.00 |98-51| BiTeo. 59 Herm

6 [36.87(61.63| 0.64 | 0.09]0.14{0.04 | 0.14 | 0.07 [0.00 | 0.09 [95. 71| BiTeoss

BRF | B rellusobismuthite, —RAFER Y BuTe, (TSR Sb RS0, AFRHE. BIKER
—BNE | . 5 2t RAUINE LR 5

=

HHEY | XEMBEY, —BAFARE BT BEATAR. LERXTHBTe. AFRE, 5
—RHE | BEUT BT HEBEFY, SRRAT5HE BiTe P HBURF

L3 3

© BWST | 2 wehrlite 3% pilscnite, —BEFAR Y BiTe, AHBR, RHE5HET HHEL, FH>
TRER | NELT, B RRET AL, BMRT SR BrTe £ BHRBRH

BHE. BHRBERBETH Q8.

HR6SOALURE, KKNTEEHETHAERILIEE, Te &1 35.58% ~
37.54%, BER 1.96%, FHI% 36. 5% 5 Bi S 1K 61. 569 ~62. 20% , | EH 0. 64%, T
B 61.84%. AMMTRHNERE BT HLELS RN 97.19% L E, RERETER
B 2.81% . RMHBTREIES, Fe, Cu, As, Ni, Zn. Au. Ag %, B MTREBEX

g —



I TR BT R R BT R .

3. itig

REFRY (sumoired,  WHKITFHT, RO WE Y, b Shimazaki (1978) #EH
AERER, WEFAESF 1987 EHREERAERHERRLYT KD ERD TR,
HFRR LA “EEARB K", R AB RS 5 FIERE 755 Sm R 472m H15 0
T WES TR S, FHESTTHEET s 098 PHI LT 10 R RN, B
7 15em, RRERETELRRETERAE, EHRENR. SHETEEEE. 1B
BESRATEE, HUERTME 6-6 R,

XA 6-5 5% 6-6 LB L, T WA BT hE M ERE, SNEREAT
RHBEFHAT . WHTE . AKETEHERLTRES S, Ni. Av, Ag. Zn, As, Cu.
Bi, Ti# Fe, Te, Pb. Sb,

® 66 SRRURHRT EPRROTEH S LR 00

- 21 Te | Bi | S |Fe|Ni[Sb|Pb R LER LR

EZus—s |37.52(61.05(0.00/0-55/0.00{0.14/0.74|  (Bis.sess Fewssose Phaauss SbesemdromTe | BiTepp

HUHE (1990 BB, Wi HRMEAFHF AL,

ERERNE, DUARRNLYT RERETHRAR . SERREREF, KXo
BEERLEHT K IRERE, ERERESRAT R A OR LT BT S,

=, By

FEREY RTERTFRET-BRET R, BO04HBR T ERETHE, £
REMESHEET . HEERTREGESEBYLE,

EF RS RN DS LR RE TR, HLRAREY =4,

1. PPRRIE

KABYERET SENLGMR smm) REH C1omm) BRBET LETH
#, REFHEEENHESERRAFFRELEP . AEEEARTRFTUARR RS
1E 10em HEES BB RE B 1-2), 4010 FHhR¥E RIRFE2F0TE A+ 5 ik
ER#&r . 545 FEBRBR SR BK BT A R T R 8080 B AR HifEERE
E SR R BT B 9,

XEREFEE YRR BFNEAT @S (2100 WEET (45 5% L), (3
PSRAERE (111} BEET FESKUT), KR (100) BERTHEH®T

TEABEDE—HEAXRETHRAT UNBAREARET . —BREY 0.3~
1-0cm 2], BATE 1 20m 24 ERERET LW VREZFNTHERL NI, X
SVRRKTHRAR.

PR SR AT R R BB 4 5 0% 6-7 & 6-8 FAR.
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x67 WRESTHRHER

R (am) -
e 470 546 ! 589 650

17.0 53-8 54.0 54.0 Wik

i 46-0 58.6 55,0 55.9 235

34.1 37.0 38.3 401 Wit

BHET Rw=30.9. Re=36.2|Rw=30.4, Re=39.2]Rw=35.8, Re=40.7|Rw=38.6; Re=42.5| HEH

. DM & EHBREPN 405K OMREEE . M Leic MPV-3 RROLER QR ERBENERT
BREEB RS (1978),

68 BHTHERNEATREE

4 kg/mm?

THEH Hos Huso Hos o | How | F34 #5411

wEw i 1077.927| 1002 813~20563 4. 1295

R 254 244 274 254 256.5 230~390; T 277
- N 37 33.75
w2 | 389 37.1 38.0 37~47. ¥ 38

3 66.3 45.3 55. 80
KT 192 192

E: OWiR#H: WERAFHY AT HM: OWAKH, B Leits ORTHO PLAN BRENN; @ W HERK
HERT ARG R (1978),

PERARKHRFORKIT NS, THLOBBRREED . RERRE BT £ T8E
BERETEORBT . RGN, BRFTKT R, MRN8 ETRRES

7.

2. i HARE
FRERAFREETHRESYRTR 6-9.

H69 BRRRUKTWANEY 0 X HRRMITHYEEN

YRS LS 3 @ (07'm) [da (107#m)| o (10~ (207 %m*)

1 | SL-os VENEEOHEERT 541392 | 0-00050 | 1586850 | 0.0443

2 | SL-10 TRIMEMPBERERE R 5. 41727 0- 00031 158- 9799 00276
3 | sha7 M2 SEREVRF - 41355 0- 00075 158. 6523 0. 0661
4 | SD23 4 3H 541633 | 0-00046 | 158.8972 | 0. 0409
EX) s 5H 541274 | 0.00091 | 158.5813 | 0.0799
6 | sD-4t 15N 541823 | 0.00018 | 159.0637 | 0.0162
ERES ABESHEERT FAORERT 541428 | 0.00072 | 158.7167 | 0.0632
8 | SD-ss 10 5 Hk 541830 | 0.00023 | 159.0706 | 0.0200
T 5.41558 | 0.00051 | 1588308 | 0.0448

HEA FHEE 3 ICPDS6-0T10) 54175 158. 95585

Tl &k, CuKa 4T, AUFE 40KV, e1d 50mA. SN 6DEC/MIN, #%. DSt RS0.15SS1, AN, 11
AEE: AT R0 FULE EAHIE: HF Rigaku D/Max-rCX SEIHL; (H: 2 Aoy Ao b
ERE
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di sk RTRUE . 6 SR8 SFMERSH M 2. ¢, 8 THRNARKTRGTEHA
U RS TEEM.6 SR8 SHABANARERTHET A RFERFE X As
UERRRMBABFARET T STHEARSEER. it £45 Ag. NI FRETE
HEARKTREAR,

B % . UEMEXYHARBE, EAH+-ERRETESER A, HRBRM As %
BRI ERET .

FRERGTREEHERDSE A HX, BAHTRERTRRERETARSY
KAEHE—BER.

3. FRES

RET NS BERCEENRERT TN ARTE. Bk, ERFTHKPRD
BB R ETIREST, HRATR 610,

Re1w RETHLFRSBE (X107

#ae Co Ni Cu v Ti Te Bi Au Ag 1S (%) Fe (%) Co/Ni |Au/Ag

KD3-8 | 5800 | 8.9 J21000| <3 | 42 17 30 | 34 | 6.4 |50.51[47.86651.7 | 0.53
KD1-3 S400 | 8.4 | 3700 | 19 3z 27 14 3.7 13 | 51.36 | 48.55 642.9( 0.28

GF-26 91z | a9 48 38 31 1 7.7 | 2.5 | 6.0 |52.49)48.24186.1 0.42

GF31-1 | 1400 | 25 132 46 209 | <5 | <0.5] 4.1 5.2 |52.57 [48.29] S6 | 0.79

WRR: BRBEERMA 0

KA T IR B FH & Fe 48.24%, $51.73% . S S RARMETF R &7 038
BT WEKT VAR NI (49~25) X167 FIE Co (912~5800) X 10~ H454E, Co/Ni HAZ
79 56~651. 7, Hehb, KoK TR BT EH Te (5~27) X10°°, Au 2. 5~4.1) X
107°A1 Ag (5.2~13) X 107", Au/Ag HEW 0. 28~0.79. FE#4 BED"E sy i 0 348
B, B, CoREER 2 12X (6100, HAMHSE Co (48~3700) X10-°,

4. it

HRETE-HEANSRT Y. TUETRAREFRE g, HW, Ry e
TR RS T 189 B,

FREMEME (1985). TS (1987, 1989) BroTkW, Hep 8o 87 TR mk
AR, R, (100} SBRE&D HIREMMAE, BFUBHE, LR LES
VREPRBEEREREESORERET; (1200 SBHRET U RREEE LW 4
JRFFHE . Endo (1978) 4R4E H & 34 i & AAG AT R BT BIBAIPREN, ETRE
BRLFERWBRMT I (1000 BEET; RERBEE R EREET N — B Ee
FHBG (100} BhE, B, EEKRD KAk, @ (210) EHHR, Sunagawa
A957) REFFAT HAFEXERKD RHOEMNE, RBHRLLED. DSEE. 3]
RHNRZYRER, HHF (210} 1 011 BEERETH BN, AR KA R,
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WRENRE, W (100} SWREF T, BEFEEARALAFY. {100} — {100} +
(210} — {210} — {210} + {131} — {111} (Ebytskova et al. » 1980), FEMBILFEF.
L PRI R e, BUARIRE A L (111} &R, THRE (100} &% Sunagawa
(1957) MPEFZEBYANPFRBL, HTRH (100} BHET HELY MERHNE
(210} B {111) SHRY. EHHEREEH (100}, KAEZE (1089 EMRAMKEF
FRARETHTRFLIFL T RO, AN UHERER. BRERET ARETHE As
B, AEASEH (111) RBEEY .

WHRATUES, FREKFERTREES. BEBELLD EBAH). FgEX
RYBOREFEL &G T . Mo REF S EE . FMIERFE T AT As HIERHER
. 7 KSR AR X A Py H B M TR TR . RER AR, Rk
RERRRERRERERSOBERGT. WERRFA—IE. FETH™9.

RERT BB W Fe 46.55% . S 5845045, KA HEFRBFUNHABHER
THERKY. SHARIHSE—ERELERT SV NS EREMER. B4
(1993) BEMHRET R+ RETHHEFIRMEE, MR, 58 REHEXHMETKF
PP LR T AR HEE . BRBF 09 Co/Ni M {38 % I T4 R BT #F 5% (Davisoin, 1962; Dick
etal. s 1979). RFFEH (1986) WL P EF L KA EF 8 Co/Ni LEAF 1. BF
HHER PR PRI Co/Ni i 1. 1~23.5, S5H¥H L BORT R 1
Co/Ni H A 1 2~32. KAKWH T K H KT # Co/Ni fY A Yy 56~651. 7, LEBRT K
B 2 .

M. BEST

BREKT EAKET KU RSB AL, ERERA. EHRESEKER (&
BET-3). MRS REF M S SAURPRA ST F, MRS TS TFRETREE
FRTNE. LOBURTERETHR. EXFEHAT, LRSI REKTHRE
£, ERH, BERETREHTEIL BRGNS B L-O, HRRERBRR KT .

1. BB R

KAWTEHEET W ENR 6T TR L RTURY, SHAFSREEY R
ST, PR EE R BRI LR Z A 9 KRBT 1 BRER (R 6-8) SAT
A RREML, BEHERE, NREREHEZT.

TERKIBT IR, %2 HIURREMBENER . 2A6C. 2A5C, 2A2B4C F ALIC, X
AHEFBRFERERT BT T X BRNBBILIH, FRIITRC1, GR 611 TLES,
EURENRESVREE, AR EEFRE, HEASHEMHC. VEFEENEER,
AR SRE K R H & Fe RFERH X,

2. {LRRS

AR B L2 R BB T, R ST 7 2 1 O R R IR b Lot
TTREML, FRIFR 612,
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*611

BRET (FexS) BHEHBR b X HA8 RAHEERD

e #ES| BEAE |PAR | AESA L ww[ qotmb aote  SA%EM
Yl s 6.892842 | 63.152200 | 2598. 461
| sp1s [n-1 msreaix 5.894245 | 63.142920 | 2599.133 |  JCPDS 28~726
FeuS, ~
* lapze | rsEvR s P g sorzn | 63, 158030 | 2602056 | o 898310 0m
0. ity
flepa | amek (0. 090 6.895152 | 63.180740 | 2601.375 | c,= 63. 222X 10~ 'm
5 8065 1B 5P 6.896841 | 63. 147930 | 2601.298 | y=2604.4 X 10~ ¥m®
¥ 6.895275 | 6.156380 | 2600.464
T JCPDS 29~-724
FesSio =<6, 888X 10" *m
- - 7 % | 6.887891 | 28.684720 | 1178.566
6 [SD2z3] 14BFE | IRHRE| 68 o 28, 670X 10
v=1178.0 X 10~ %m
JCPDS 29~725
FenSu | X 3 ,=6.8982X 10~ 'm
7 18bn S | RIRE 6. 895814 | 34. 489890 | 1420. 344
{xx0.08) 6C Co=34. 519X 107 °m
U=1422.5X107%m?

B SfF: CuKa SRS, SEEE 40KV, RLIK 50mA . B8 . DS1 RS 0.15 S5 1, H## A 6DEG/MIN, Br# 0. 02DEG,
AN 19,
AE. EREEHIBAA AL REL, WANE. B Rigake D/Max-CX AR

612 WRETLESFRIE (X107

BEWRT KD3-3 GF31-1 GF-26 GF-24 GF26-3 KD1-9 | KD4-9-1 | KD1-2 | KD4-15
Co s 57 386 174 324 207 242 274 86
Ni 294 804 133 248 138 226 371 244 222
Cu 200 4600 8800 2400 3800 3000 694 3200 2000
v 54 57 20 56 1 50 50 47 56
Ti 81 101 73 33 48 34 202 48 95
Te 39 9.8 6.0 6.3 7.3 8.0 16 9.5 3900
B £0 15 1.9 2.1 1.2 1.6 22 z.4 6100
Au a3 [ 39 3.4 44 1.6 32 41 3.4
Ag 3.2 2.4 2.2 21 7.0 5.2 18 12 95

S (%) 38.36 97.24 33.72 37.48 6. 67 38.47 | 3866 | 36.54 | 36,41
Fe (%) 62.08 $0. 31 58.28 6261 57.96 61.06 | 60.74 §0.68 | 59.03
Co/Ni 1-51 0.07 2.90 0.70 2.35 0.92 0.65 1.1z 0.39
AufAg 1.03 1.8 177 016 0.63 .88 017 0.34 0.04

AFRE. EFREZRMRHL,

REERRY, BRHKT ] Fe 57.05%~62.61%, S 33.

72%~38.47%. Te ¥ Bi
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EASHUERETHAPHEER (6.3~168) X107 (1.2~2.4) 10X, WH, Te s
Bi Z MR . RE Te TETR LB, HIKREZH R FFIE, BEFRMR
4. {EAEX LB B . # KD3-8 # KD4-15 a4 Te # Bi & #4381 % 39X 107 441 60
*107%, 3800X107°F} 6100107,

EHRET B, Au B H (3. 23107 ~4 67X 107°), T3 3. 9x10°°, kbl
BV WNS . RESFI L&, @A SEALKRE, A 2.2~95) X107, FH 184X
10 % Au/Ag WAEBHREI BN 0. 04~1. 88 BA KB R R BB BT LIS Ag B Au Wy
.

BEBLEK R Co 7 N TR & BB T, HIEEA 1Y (37~445) X107°, Ty 241
* 10740 (133~804) X 10 *, F-3 293X 107°, Co/Ni HAHH 0. 07~2. 90. IR HIRES: 5.
BRFS Co/Ni HEXTF 1. BHEBR, BRKKIUIED Co 8 Ni HE K, NiATHT
CoEH. -

STRRBRTPH RSN RRRET, Bl @SRRI, LEMY 0.060% ~
0.68%, T3 0.34%, WRREM. RRERATRARRSEREVEURATT.

3. itig

RKHIRER BB R (R JBURE BB S fh . MBI B B T S bbb, JL
FEBHWHEKD, RERTHRETWHA, RBARE TR %,

ERBRUFETD, Au 5 Ag W THBHBT . BRED B Av/Ag HIERM
HRTFIRGHBHEIIRR, RARETRRRT RSN ETRRFT 4, HREST
TR HBALZILT X0 RARER . il FHHE N 00T B8R, MRET BHR
BT RIYRKBTHRE. KTESEWP R 5 RIF 5 851 8y BORT B
(BRI, 1993), BT E P X RO YR Co fI Ni TR . B4 HUETF 20%

107°R 60X 107" SHEARR Ak BB BA R4 Co A1 Ni (LR W1 W R 5408
R

FORE a7 B N )

REESRAOTFEN, TR (B XE, HOMTARATHA
Qasr-wmEws (1)
DBEKRT (1) -F#% (1) -&% (1)
CRALY-Rr-B G268
WA 7B 4 55 BT
OL YL Ty
@FHY (1) -ARE-EX (1), HEF-KE»

EHLTERY, TOMCER NIRRT RIETH. RREOTW, KRTREEEN
< 378
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D4BiTe (B) +Te, (R) =2BiTe; (&)

[ 2 20 L
@2Bi;Te; () +5; (R) =2Bi;Te,S (A) +Te: (L)
L2 Ry

BRT AR BEFHET AR, JLEAH RN ET R REH; ERETEXAR
£, HPARRETHERISRBAGH, WUV YhEMY. £BSHEY 1k E
R, EREANERNBRATENRKT QSRR ERERTERD Corys
tallineblast) «

@2FeS (B) +S; (L) =2FeS; (B)
LS ¥ xRy

LR EEHFTYRAERRTE B-Te-S HERMRAE (B 6-2), TERMBT—A (B
TeSy) MAWHA T —B (BiTe,S), HHHH (Bi,Te,S). WHHHFT (Bi,TeS) MBLIEH &
¥ (Bi.Te,S) UREWHT (BiTe). Bb5" (BiTe). HHEF (Bi,Te) fEHT (B
So). IRBRET (BiS). ZETUMTERMBETER, XASSHRELEiHRE., BT
FE@QR, #MHRELE OFFHRT) A4 TFRRky G HaEERE fs/fro &
EEPERTTER. RER, FTRTWATIHERY fo e BT Wy EBUTFE RS ¥
7, BEVEIHET UL, THERTERR FERRITRBMSE.

B 6-2 BiTeS AV WL XRER
Bis—ISHE ) Tra—30HRT | Hed—BWMT ) PI—DHBSY ) Td—@R7 s Te—SWRE, J-A—
BT A J-B-WHRY By Do RS, Ci—WHRET ) Sul— BB g~ HRERE
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HLE R REERE

XRKEHT REF T P RURFRA IR, #7 T H7 KQFSIMREE. &
SHEFT N- NI AR HiE. KB SN, REASEN. HE SR W
BET S EAE, BERE, HIERETSEEXASHAENRS TR BRHT
TR B R B SRR AR (LA OE » B A R e R R T SR RE. P R
TEREAALRBRLEFRMEENT WOREARLEFRRE

THORERERY AN, ETHERERIER, AFP. V. T. X $EAR
RURETARE RTWRAK, T REBHIEATY R YRR, HiERTERE
BAESREERE E. AR, WS 20, TUSREREER, KBRS
WEEEWHE CHNAS, BRT Q8. Bt FaBET YR RN R E
FRERBMLURR., CHETYEEEOAR. ANESET YR TEX RN —BHR
TR, L. RIMZASHTY OEHET . HEEI% hemauery (FxR.
FWA. ARER PHRESEE. MRS R ER GRS RR, BHT RS
ERERERI LS R,

HRMTRBPFEG G AR, ARELAH 30 R, BT mERLE
. ERMETHTREME. #d. BR CRE. oRE LETY -RNRaBk
REMGRENRRE: BRSHTHTHXRQHE, HTORKATH. WL
s WEOTRT T RN A . IR R, B — BT IOK T R SR
B, RERARRE. #ERLAFASTHRLEERRRLSREHHEE.

—. RAERET

KEie P EBEESRT YD REGERFEN, TERLE, HHFLHTR. BUa
HEFENSL. ERESS, BEAEOST. GTFTYRaRE—RET4 800, &
T W R HHAREHF I ERIBERN TR,

RFRABHTRIG B AHE. %6, EETFRENLANR GBENBR, X
¢‘ﬁﬁ;%ﬂ%£%%<W=ﬁﬁﬂ:ﬁ£%?:@ﬂ%%%ﬁﬂ@&ﬁ%%ﬁﬁ.%
XM EROBEMFENRERE, LE. MA. TR 38 R UERMEREEEY
Kby SHLBEME. 530, FMUSE. BRI R OR G AT RIS,

A SN R OB E R OB GRASIEVR, PITH 71 24, HEBRET
FHSHEHERERDN QBRI IEORT . BEFRREY, KHEARKY. v, v,

BHLE, SERQRTEIRNTORENENTY FE. FREASEE) TR
BEERADMERE, RUGEATRETHAREELT, TSR THAEBRY
AR BRI . HME AW RTS8 F RN RE TS RER RS,
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1. SREHER

FAREFEH, FHREAFHR, RGN . R0l RET0ER&TE
KA, MEXTHORERERFOER, STERAATE, EETHCH, BXUB
RS EREE-6; V-2, 5, 7%); FREFHEEELEEER (HRI-1, 5%): 5E
C(EBE V-6, 13; V-10, 11, 12%); KHFH (EREN-6, V-10, 11, 12%); HEEHE
. BB, KA EEF (EEN-8; V-8, 9%), RHMBREHEH. WEENQE
EARBEMGER ERI-4, 12); PREMESEFHERGEER (RT3, v-11, 13
%); RBEHRGBRE (EKEV-2, 6. 7, 13); BERTEME FRESEEA (EREY 1
%), FHREQRE, BROQET -BHH5E @RV,

EEWHT K ERN—HORE, ETWERERS. B FEAkARDAHER, &
BRECHEIKT, HEEEN. BR “FHET @Bk CEEN-10), HOEQEERE
BB RASR G A MR . B R R AR B (ER N -9), A BB e
H, EREEAKIBRTAARANNE, QBAMASERTBRER ‘AR HEE
B (ERE-10, 12; EENVASE), “KET" M “BRA” Shitk, Y@EX0H
W SR B S ST IRBR T “EiRan,

2. BREKIXAN

BT PR EE G B A N, —RTE 20~8pm W (EME I-4, 6, 105 N-1, 2,
5.8 11; V-1, 4, 8%, ROKHTIFQEME 0pm (FEREE-5; V-7%); IEEHTH
GRERE—WH OB, JH 5~1pm (EHKEX-10, 12; ERN-11, 13; EEY-9, 10,
1299, B Leo M FHBEE, EXNEFSSTTHORSHE CRENE, ARk
FAHLBE BN V-10). TRQEEY X 9EBS% (36~1pm, LEKN-10; V-
8, 13; Vv-10, 11, 13 %),

3. ARGHES

—ROBEEZEREER (EE -2, 6, 8; N-2, 3; V-1, 2, 13485), H—#s
BREHREEZHEKE (MR L-3, 7, 12; V-3, 9; V-1, 8. 9, 11 &), BH—HS
HMERELKBE BB 1-2, 5, 11; ¥-9, 11; V-3, 10, 11 ), B4+ HERHT.
HEAGREE CO, fl CH, 87, A KT Ko Bkt T4 CO, SSROUBANBEEY
BERKERE,

4. BREEFRRELT

FERET NS GRELEHALH, HEMR (6 RALKEWR. SHILTLL
RBRT RS & B EAH BREMRS. KR ROBEAN TR MG ER, —&
T 30%~10% (BMRN-7, 8 V-2, 5, 11; V-3, 6, 9, 13%); /AEE10%HT (EEK
B-1, 3,9, 10; V-3, 113 V-1, 2, 5, 134), KESEESTRLEK, —RE 50%~
7026 (EIEE-4, 5, 6, 11; N-1, 6, 8; V-8, 10%), KMAT 0% SHEEEEE
BT R, HUNRAE (ER -1 V-7, V-4, 10, 115, EERH §HIE 100% 8
SR, R BMHIR S U (V=09 898 — AT B (M 1-10, 11: N-12.

13 V-12, 13%) 5L <10% TN aBALE (BKE-9, 13, V-2, 13, v-12
),
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5. GRS ESR

BREESTAEE. R¥FER, HELRE LRN. RE EEV-13). 2§ ERREY-
11, 12, 13%). BT (AR V-8 546, GRENFRSEBRERBRREXEY, HE
BEERKLY. BAT. AESSE: KESRANSTHN. MARKRKETGL. Het
KHCPATHRBRET AR (B X -13 %) TR A RN S S 4 RR>H (B -1,
N-12; V-12 %), B ERET RS QEETUSANERMTER . HELMLR,

ER T, FREREES AL, 5 R SRR A A B S R T A
FHCHNAKEE L. FTHRASHOBEKAFEHSRIHE.

KRB FEQRETTEE, ROSH (EHN-S. 13%), HRBRE. RiTH
REKEBRFKZELDNNT (EHT-13%), BRESBESET. KM= H, Tk
PREYITAR DY MEATRRA ] A B RBRAYER (ERE E-115 N-12; V- 12 4), SRR
ARk, FHE—AAN. AMRAXX, SENESAN ENTETARRER. W
REREER.

BAFOKEHT RESEREENIER, A0 HiE, SHLAESHSRRIGE, *
FRELHT M. MRKY . REFS, ANFCBERERS. XUBER, LEER
MER, EREG; MERWHTOORESEEDRRD, MT, SWLEE, X
HRBEME R, FEXARAT SR — AR . KEERNE. ENGEN
LWER, TUHRR TR RONAIFE. b, TR R 858
HBRMERRZENRE.

BN 7 Sk 4% B

A 0 BEPRAROE T LA JR B A7 Y 6 DRI R B 4038 b2 2 PR AR B 0 R L 2 3R
B AR BHE T IR NS QR AETE T WS LSS TR AT IHE. W
REBRARES, TN ORENKHIKE, FLILEIOKARTER ASBEENRE
REEY.

T8, SHERE. FEEEROTHES 5 SAR 0L THRRBE. EXE TR
DB AR AT RRA SN THL—MRY 0% ~10%. THEE
EREESHTWRAENEI (FER -6, 12; V-2, 9; V-13%), 5 (M E-1, V-
13; V-1, 12%) HAZRE (EM -3, 13; V-3, 4; V-2, 50 9%) 2. SHERHK
RRAMTET R BRI R,

DR, SRRBE. HEERS SRR soy U Ly ERK. SHEEEToERS
P, RPRIR. XROREY (ERE-6; V-7 5), SEHRRAE (EIKV-6, §
) HHENKOHEE ERL-4 V-4, 10, 11%5); EHZEBEERANSESR
ey, ERERESHETARMG EEV-100 AHEE (EE 155, T8
WM R PR ERI LW, WS AR CO, 7 CH B, RIHLEHRKE~E
GHRARE (BREV-11; V-10, 11%),

AHURBERT ERY FHNEE. FREAGZEPEE. SRMNTCS55TVY
HIAE Loo, 8 F A LBIASETF,
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DA, & Lo, ZHERME, BS54, BHREEHZEMNESCO, (Lo,) ZHAR.
H Lo MESHENEH AR, ~F2F.CEBIFR (BB N-65 V-3%); BHSAE Lo,
M2 IR REFTE.

VA, TR EHaEE. B WENEN (T8 AR, RTTUNE
AR,

B-1 8, & NaCl TH LM E84%. FREURELE (NaC) ¥ HALEK (EHEN-5),
EFR (WRET-7, 9; V-75). 2ERAEHAMRKES, REET I REUREES,
EXWAETAHEE, FREERESHFTHITROE. PHHR, §& NaClH-KCF
TS B RN S OBk,

V-2 Bl & NaCl+KCl FH M SHE S THYWHRT SANAEAHE (NaCD.
WERET 2 KO T8 (MR8, 9; V-6, 8%, i (KCD EHmERGKFE. ¥
FOCERRE -8 V-84, WAHSHAR (HMEED 9; v 6 %), Wik, TEEYW, sk
SHBERAHIG, RERT NEE, EXRARIEE, XRCREETHTRTR, &
MWHE. 51, 0. V1 Bk,

VEL BB, BRSO U R A A, AR R MR
HOEFHARL, MALKENE, EOENM. MRMEERE. RTMF ST
(AR T -11, 13 %), WAHMAT. RESH (DRI-9, 10; V-8; V-12%), KKBEHE
FHERME M AT AERE (110, V135, BRES5SBEAN, £
ESHGREEIEE (EER-10; V-84,

ERERAR: SEAKERT RBELTEY, BHRMET ORI MR (1), 257
RAGEEE, TRATQEASSHE (V%) HERKORRCRENT (BKE-11, 12
N-5: V-4, 8. 94, EEREEEE (1 8) 5% NaCl. NeCl-HKC o £ H QR K
(VA A% Leo, ZHGEE (18D DRARSHEL (VY% MRECER (R tE
CREREE-9; V-6, 115 V-6, 10, 11 %), IR R BB AR ER T, SHER—
2 MBI P RA RSN — A R (R~ B AR B2 AR B SRR (Roed-
der, 1979), 3R I8 G 06 B 77 R R AL T S TR P ALH L 0RO B 00 BLHBESE . AR TR DT BRI
ERENE (v WP B SR kB R, 15 NE 8RR IR, 45505
HOHBRLHEY. TUANTRETOANASSORERNEE, THLRLERAE
BORAETH T HE {0 YD1 B oK IR 0 S HE W0 T Y 0~8m, HA R B M H
4R, YD4 B 6 N -9 BBkt AT LM B M R R S T R R R 2
EYIEE,

EHROEEGRBARHN Y, JOKRT R RN RET S EEGRE. Kk
BREENBKEEERE,

REGEKEHTERIBY, RERNNLRE (BKE-1,3, 4, 5,6, 7, 0; N-
Te 2.3, 5.6, 75 V-1, 2, 3, 4, 6, 7, 8, 10, 1155), BAGEESEETT NS
SRR AT —SHRMER, FEaRENENRRT BNRERT YR, To
%&%E%ﬁﬁﬁ?ﬁmﬁﬁ.Eﬁﬂ%%ﬁi@%%ﬁﬁﬁﬁ\ﬁE\EEmHWEhﬁ
B E R AR S IR A1,

WEBRERETORAE ., RT R AMER . SR, BEEEAT HAAY
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BT, WA BTG R R, BT Elk (RIREX-13; N-4; V-12, 13
%),

BRAERNEET AR LRGT R aNE, ©RB RN RRAER R b
HEGEEARENE, BREQBELE TR 9BE MCNRRE R SHRRE
h(EBE N2, 13; N-12, 13; V-12 55, ERERKESERN —BEMSESYE, T
UL F AR SR . EXOKART R R R, B e R
A, REEH, BRRITURE S8 EERRRE, SER LR RRR, X
BRAEAEETNS REEBESRATRS.

=, AR

EEET, ENEURRTNEMHQEEK, TEHTHORAMSR. RTTQBEESE
WRORE. BUSIHAKEERSERE RN, 5%, HEEEAN TR, Sk
AGRERRE, REEREWHL, BRTRINAEHFLAY, EERTIRSHEkES
EA R BB T RN TR ARG, KREFARACRE, 20K SHEERR T
BHHE, SR IAR T, R SRR B R K, TR A B b B ket
ZMHESRE. RIEERTFNESSEBROHTREHY , NBEESERENBRE
waL, FEns, TURE. MBELA, SEBENSHE. BROBRRAL LS
SREBEFANEL, UREAZE—H, FRERQEE, HHER Re 4
A EREE N~ MEN SR, XTI T —, H—HANERE. A —RE., &
—BERRTENTHEREEN TR (Ypma, 1963; Smith, 1963),

H B (L, DIPTRI L (Leitz) -1350 SHIN & F0vh B AT 4 7= 00 S -5
(Chaixmeca) # # & HISAGE 2 . BRI REAT(XBR0Y MAERI 5 B I BOAMPALSBEE I (L
FIREARIT 0T ~600C K/ AREIRE . 451350 B RMIREREE 1C~5CT,; HE
FEEAREERRIMBRE 1CLK,

WEIER, RAREBTHEROEERTNBAS. BV ENE (1), RSy
(Po) BT (Py) -FEX (Q); HEIWE (1) ERHET (Tev). BT . HAET
-BRED Py) BH (Q -FEE €O -HEH Doy BINE (1), HET (Py) -
HET Cp) -BE (@ HHBE CO) -HEF Ool). ELERPHES, FAH—%
SR, WRTENE.,

AR, AR I & R 5B 4 AT B T8 — N AR B 1 —
BEE, ZAERTRBNRSR, SO REAKGE. RS AHEFRENRT WL,
HT 5B BB B AT - B R, RIS, BRI AR B — R
EAE DLEWHTHRET W &80 5B SR -SSR, MR —
BE. RERHROMEEE, S5 —RWS%E, 51T -2,

1 BRET-REFRTHR (1) H—A%

FENESHEHT RET SEURENERG Y — EXAS BRI RES
MR E AR, BMiERE, SRR - MR R TE (1) Bk —
BEETE(E7-D B 7R KoKW R R i R &£ 400C, EHEEH T
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160 200 240 280 320 360 460 1(T)

Bl BEEE-RETRENE (1) WBRKS--BRAFE
N, RESK. TR

B> 360 C-»>320'C C—+280 C—240 C—~ 160 C L2 h o 45 R M AT AUBH K7 Bk . 1B %
160 C. EBRF T 360 C~200 CHE N . HRBEENBE L, XTSHHART LY
B 360'C—~260 CH 260°C ~160 C.. 1£ 280°C ~240°C Z J8l $ BATR BV $HR BT A A8
R HEABREFN R, MBS, LR R R, Wl KRR 2R, 3
R P ARBIESINE, EEESBRKESMH R, LRRT HET S ANY MRy

BB TR B 280°C ~240°C Z ()7 [THT » EMLE R, MTREBM A B RIERE
B, R BRI R £,

2. MEWTRTBER (V) H—EAE

HEE BB, R AEE 3801C~140C, 7E 280C~260 CH W (B 7-2). mE 7
2 B, BRET Y TMBP R (1), BENEI R IR R ERBREE40C
~280°Cs WeRt EX R BERREE 260 C~160'C 2, H¥ B BREHAMERXTIE, (8 260C~
160°CHIX FRE ALY T B, FUBIEE T 2SR, MMBRTHE (380 C~300C) 7
REAZABOAEEX, AMBLEARERNER. EHNXIEPRELR. KERTH
BBk IET. SSHTHRHEY. AT EYENEE, TRE. AZEA9
Tz, TH, BRELER 2T L ER NS —R B 7% (30 KD3-2; KD3-5; KD4-
3 HHE) REIEWLT , REGRKNEEL, Mk, BERAKLY, EEAEKULE,

3. REV-REATHRIPER (1) H—EBF

BB ELEREST . AR 0, ERTNEGAFRZ 1. T EROEE, K%

IRIBBEAE 300 C~B0CZIF, ENEE 1 MRAKR, dNESS s ER,
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L
160200 240 280 320 63 ((T)

W72 R R IE (1) fEAH-BEENN

B ANESRT . LEREFRFYAS, XTRSAFEPERE. AHRRHAR
HE. ERVHEB (1) BEE (BIKD1-9; KD3-5; KD4-3 %), Frisg—8E, £
¥OEGT. FAFIRBRYT-RETATHE (1) gEES—EEEFE (7.

L L L s L 1
30 120 WD 200 240 280 320 f(C)

‘ W73 BEV-KETHE () QBkyBEENR

B/ 7-3 F i, fk LR 320CBME T 80C, TRIARPEALME, B, 300°~
‘ 200CHI 180C~80C, B 7-3 FFREBRAY: MKl (180°~80C) WA TLHBEEX KR,
TR (300°~200C) HE MEERHUMER. KANEEGAARTRENERN, X

‘ ERF B BETEER.
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4. EFFH (NaCl. NaCl+KC) SREGNE Lo, SRBREHH—AE

T Leo M HHGRBRBE —RERERPHE. B CO, HRAWREN 31.1C, £
AELSAENEES —56.6C. BT ME Lo, @B, HEMBHE CO, f SR HE.
WEET A RE . TR, TR ERG2 —HREE. KA E Lo, %
MR, KA — RS 27C~20 CTEME, H—BAE 180 C~220C KA, FhnfN
B, Lo MGSHRK. MBRENEEATR. REHX. BRAY—FIXHOMER. B8
. FIFRT-3.

FOARETT TG Lo, ZHUBFET R THEER. SHSRENE T UEH
BREKMARE . WEAT D . SN BRFEETMBT L (HH KD 9; KD2-6.,; GF35-3.,
B, WERE CO, WUk, RTERME FEEH Leo, S0SZ HIM FFAERIZA E05 B G545
G TR BRI S R .

73 AKARYT RS Lo, SHEBESY—RE

HHEE | #HERH BHH-BE (T Leo)d ;Yg <8 (O &
H¥E oo ! 200 B
KD2-2 5.5 20 Leco, WIS 55 H RERIIR [T
i . Tos HE IR, AT B —
KD3-5-,
27.5 205
HBE 28.8 wo |
KD1-7 28.0 210
7.5 200
KD2-6-, EF 3 28.0 180

& F T4 (NaCl, NaCl+ KCD £ 48  # # 39 — B B4 7 NaCl T 495 NaCl+KCl
FUOBEATATENSR, REEFLMO—WHR., XFTFFUEAHRSEETY
HRER B DRI KK B RE NaCl F9 9 % 18 G B4k 8 35— B 75 355 C ~245CH
B, WRER -7, TS NeClH-KCL T 0 £ M OB EM A —~BE B 305 C~245C, 82
HENLCI FIMEBCERRRER Lk 7-8),

. FELRE

MEER, H-REREATREL TR, S8 aSROMErE—Ra, &
BEEH R WRNBETTRBRT BN LR,

FWPR SRR, E AR QRN RS, TIENT Y. 5. F8E.
HEE%. WTMAREED Y. R, HERT S, EHE NS st 6
ERAM. ARRER OO ERNT . SENE, BERFE STICERSE —ERARR

#yR0E, BIGR I o RIBHEMEE (N 7-4 ME 77, Wik STSCIEARIT, MkRE
— g0 —



RO HE G, AT 573 C I (LR R IE AT BRI R 1 MR LR AR BT T 2
HHE.

XA K TR ATIR MR 00 ¥ T PR L ET. BEE, FRRITR SR
60~80 H#. SWHRLE--AEY 0. 22, FERME 080 k.,

BARENREFENY, UEESE—8. SREAEREOES (B NEETER
B, AWIE 13RS, BB RN TR 74,

#74 AkAGTEOEFSRIR-RE
ARTHBRRREE (O

BS| WHET | TRER BT [:5:3
3 1 I

; 1SR RAONE, «f

ol ke | EE | L e fraa 102 1) mo |

1 BT HR FE T
0| KD | TRE | ey R MR WG R T I

VERYR. CML XTH ERGE
03| KDA-LL | BT | o oo e SRR T 127 2123 313

% NBHETIK. BYBK 20m 4bERFE op

04 KD4-16 BERT-ER AR 86 (116) 208 280 (414) 573

h ¥ ERMOHART B L8 A AR En

05 | SL-06 | HEF ?%ﬂiﬁfﬁ.ﬂiukﬁlﬂk?’ﬂﬁﬁ 207

w | s | ewr | CESEBRECETRARESTE | |,

a7 | SD-11 BK 1, RFHA, PRERT KNS KK 174 399
08 | SD-27 X | 4BTHY, FREHEX 100

] SD-67 ax THEKE. EREWRAVIHE 78

1 | sD62 | AEF | I ST HY. REEAEER 155

1 | 5D65-1 | HEFE | STHPHEEANER 168 250 452

N PR
12 [ sD70 | ARE | BEEKAEE. AORRST . Hke 150
v

FETH
13 8D-69 FRE AR 248

B EEEEE R RE SR,
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E'H

127 (189
1o i
06 200 300 400 366 &0 «T) 1000 200 300 400 S06 &0 ALY

B 7-4 KRN KERH (KDZ-6) QR H 75 KKAMTHRLABET (KD3-3)
RAEE dAEE A R R R dh S

H#E 74 HESIFRN. SR TR RERESNREE, A LELA R L—MER
A, MER—-RuEEEL L, MEAREE, SEEHARRK, ZREFSRNEG
BEXRRR, SRNARSRERHGS, TRE-H. —NEATEE, Big——
EFTFHRB.

ALK R R R R RE il
#igm, RTE -4, B7-5. B7-6. W77,
BRI 5 % 7-4 FRGE Y
KO RZMENRBEHZEM. TRRE
M, KERBREHERF. ZHERT e, T
HE@Re R b B R E T EM RS
e BB AREE TR FRTAES, 250
w HEEFEFTRARE RS 2 BRAMER . T
H. £R9HMaE, RNRESERMTRY
H-BERE 20C~50CER, mit, dik—
HEMMT T Kk B RZHAES &
0000300 A0 0060 (O) w2 B e PO SO o A BRI LB BE
Bl 7-6 FORMBWE K IBES (KD BEIE, TR, SEHRT L . ARy
1 AR B B o 2R PR A, BRRR. BHCR, FRKEETE.
HEBHREN SR BAGHSQRE
R i L0 AR N AR BY B A iR b AR
B, RGHEATRRE AT L, P ie. oREEHT K ILRERTENT Y,
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EHRENBREE, TREKRTERSIR. B, TUASRKERTRERT L
BAHRZHANES, BREELRTD. RRB. hPREMNHEES. SHREER
B YR XA R R R R A SRR A RS F B R R

I 1 I 1
100 200 300 400 500 600‘ «C)

B 77 KAKMWE R RS (KDi-16)
AL BRI P Ay R ]

REAFHE B 7-4 ME 7-0), RHGEMBSEREET AR, TR TRH
L EET MRS, ROKNRT RN SRR Rk, SHREWNE. 8. &.
WY R RBRD e RIS s BRI, T LLANGX R A K AR BRI R & RIS
A,

T SRR

KAWHTEARME. REATK. FAMK. FARPHROSEHaBk, Fg
HAR R MERAT AR, RO KRR 2, ERT RN R Rk
Aah=kEK.

1-NaCl-H,0 B35 ik

ERERKHE, AROEEGWEHE. BHETEWREERE, 5 HRENTS
B, ZRBEASY., SHERERE, AREHTENARSRCEENSE SRR
RE-HHaRE. TSR OREENER, FENXE, WRETRT-REZ 2k,

2.CO,-NaCl-H,0 ¥ t6

RaBkeRdmn—-REgEn, BNEs, EENPERAER, BRETRER
RESMAE. XBAREN SHASHOEERE, REHt —REXRCO, FHES
HCH, %, HSMF. KEHH CO FEBAL HO. § Lo BHERKR Lo I SAH R
“RRE” REBEERTHAN. ARGENER, SRAERERHLRS, ENE
B SR BRI /MR RS R B M R . Bl SO ikehay CO, FIARAS M, T
BB CO, K&4 (CO; - 5. 75H,00,
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3. §FF 4 (NaCl, NaCl+KC1) H] NaCl-KCI-H;O ®ik Btk

FAROBEEMRYRERENEKRE. BETRE, Ak NaCD REH (KCD
ARHEKERPERNE, BRETVONSHERE. LHCBATG, KBNS
TP YRR LA R T AHA L%

3-1, & NaCl FH 48 NeCl-HO B4 : BRBETEHQEARBHAGEEY
Hik. AR, RFEHEE (NaCD) T8, WHF KD3-5; KD3-8; KD1-7; KD4-3 S
BH.

3-2, & NaCl+KCl T84 NaCl-KCI-H,O Bb k. 7o B o ool WEI R
W EFLTHROEE (NaCD FREARAFEENEFE . KT R @I KC) F
THHE, FRRORORREL HBRIRARENETE. RAMSRR. ERk
TR EELE LR, ETREKNEREREGS, RO HE SRR RE
.

BT LASRHRT REEN R TFEOYIASMEIRERR, s SR80 ik
HEEENTIEEHTE.

(1) NaCl-H,O i #BE i ¢4 2935 10 ) =

RERHEE. RENGRER. HANEG AR, ETRAES. 23 BMENR
THWR, DERRQEERRERL . EREARA B L (00, REEFRE, Bk
AR, SRS UNKR R ZENO TR R, W ARk SR,

AR EE PR IR (Chaixmeca, —180C~+600C) BHH & 4 I #ES
EATRERR, EMRZN, B LSRR CO, ARk (SHH—56.6C) SHF
WEERE. LGMER B ESIRE TR, hRMEREYL1C,

KRIKHETE RS R SR NaCl-H,O LR W IR B RETF Te. Bi, Cu, AuMiF™
&R, RHGERGTORERAEMNRR. FAGOIRERESLE -2,

HTEWRAN, ET T REHT T 5 BRI Fk & REWER . WAy i
Bl BERTHBEALN, FH0E SR Y R RELEEE k75,

®7-5 KKGHY R ERERFBEE

BREEHELEEE BRI W
BRI WE THREAGHT " iR
(Wianen %) Cwtauan %
1 Po-Py-Q 101~2. 4 8.0~3.8 35
1 TBiS(BmSJP Q-CC-Dol
erBitS| o reg) TV CC 15.0~1.0 14.6~8.0 31
X Cp-Py-Ac (Te ") -Q-CC-Dol 5.8~0.7 3.3~1.5 27

€2) CO,-NaCHHLO Wk BI 3 B ) 52

CONaCLHO BT CO; M7, BBHIFLBF, SERBL CO, £H H,O0 &
64—



fER, BRKEMEM. £/ CO, KEH (CO; - 5. 75H,0), CO, K& % SBEFHR/ M
EREDRY, XEHET WA REATRK, FR TR0 R R RS W R R
IR, BHEANS RN AR E, RENSRE, BOE W RTIRY
REES, A RR A N R G RN E BN, CO,-NaCl-H,0 B .3 & & 3 CO,
KREPIBRERA, HHMNAHEREE (Collins, 1979) FHE CO,-NaCl-HO Hiik4H
HIEERE,

FABHD IR CO.-NoCl-H,O BB R, TEM & SH I B i S BB ok ay L v 1
MR BUE A 8D B R SN ERY, £REN, &SRBRE CO, kS
AFERWE, Bl 0CH OCUAEA BRI K, HHD' CO, KWW RBBEE+7.5C~+
9-5°C» 7 Collins fy NaCLIR EESFUK &7 CO, KA YN BRE X R DR ABHEN LR,
£ 0. 6~4. 6Witone, /10 M.

W%&W*C@Nx}&O&@%W%WﬁﬁqEﬁﬁﬂ—ﬁ&%'ﬁ&ﬁﬁMﬁﬁ.
¥ Tk 7-6,

®7-6 AKAHY K C0,-NaCl-H:0 H WS LW%

HRUR | THER |CO, KEBMHREE () HE (wionar %) H-EE (O | #E g/md
+8.6 2.8 150 0.898

KDI-7 IBE +8.4 0.6 200 0. 870
+9.5 0.6 210 0.858
+8.9 1.9 150 0.921

KD3-5.¢ HBESG +7.5 4.6 170 0.932
+7.9 3.8 220 0.372
+7.6 45 210

KD2-6a %
+8.3 3.0 250 0.826
+8.0 4.1 240

KD4-3, af
+8.6 2.3 280 0774

(3) NaCl-H,0 w4k B 44 ) 20 1 0 2

REREQREENERT, HEEHFEERE FE R NaCD) F9, & TR
BRI S & NaCl b3 MUAIEH B TRERS , NaCl AW ci 25 8L 136 o 20 BT 8
BEIE (B . SFFOESEN S BRE S SR WA AR e A,

* NaCl-H,O MR E H EM R S R IEWE 5. MARHRE 2 ERES. A58
B, BB HFERNELTREMMA, HEW%, BT HEQOEE, By AR AR Ry
B BN NeCl-HaO R Eb WA E- 36 R, TR RLE W 1A 0 & S0P #
RAK TS B NaCl-H.O Bsh I S BHK IR E R, 7 28 Owtonay ¥~ 33. Swionon %X
B, HEdhi, H—BESuLeRTiE 77,
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X 77 KKEWT R NaCI-H.0 BB EERERL R HE

HRGE FHEH  NaCl FHFOHAEE (O HE (wiouen %) H—HE (C)| HE (g/cm®)
131 T e 275 17030
KD1-11 A% 143 295 290 1.023
206 32,2 205 1.908
138 25,8 360 X
KD3-2 X 151 2.7 295 1022
232 335 300 1.004
116 28.3 260 1,036
KD3 5., HRE 130 2.8 260
142 293 245 1.058
115 s 315 102
KD4-3; HWE 150 29.5 285 1.02
182 309 300 1.026
KD2z:6, FoE s 126 28. 0 3:30 ©. 961
202 32.0 355 0.952

(4) NaCl-KCH-H,O i3k B it i by £ 55 0l 2

SWA T BHRYUSEFORERA, HLTEROET (NaCh; FBH—
PR ERAEREOFE. KEBHHL KC) EREE.

NaCL-KC-H,O B A fik e &8 ERE 7. BRARRENTERSS, MESHIN
B (NaCD FIgFEE (KCD BARIEEL, LT I BEsE R # 4, 5T NaCl
1 KCL 79" 4 1 ked B9 BE(E . 435 2 NaCL-KCI-H,O & 7 AR , R ) 503 BB I ok i o B
FieNi:

¥R K EHEF K NaCL-KCL-H,0 BB T R AR BT RA gk (NaCl), 4k (KCD & 5 B
MR AE,. W RE NoClKCILH,O R =ZMAEFEHEHEE (NaC), S
(KCh) ZEBESREHE, HFFE7-8.

F7-8 KRB & NaCI-KCI-H.0 BT REL LR

FEHERAE (C) BEREHRE (wtowan %)
5 P
RAGE ) THER Tk (NaCD | (KCh Tk (NaCD wE x|
190 90 22.5 19
KD1-7 AR 240 80 27.0 16
300 70 33 12
220 20 0
KD1-18 HEE 3 °
250 60 25 12.5
170 75 24 15
KD2-6.; HRE 180 30 26.5 11
230 65 27 13.5
150 15 26.5 9.5
KD3-5
aR 200 40 26 13
250 .
KDi-3 % 45 305 10.5
270 100 25.5 16.5

RT-8 KU KKBHI K& NaCl f1 KCLiy, BiehBER ik, HP KCIwER
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19- Owtaven %6~ 9- 5wienon %4 5 T NaCl 9% % F KCLEY, 75 33- Owtoucn 14~ 22- 5Wtency 4
M.

7S AR AT

B R T A MR TR F AR AKFARE . M G SRR RS
T, RRESERSSILRERERSAHHFERERER. BHEER. HUMMSRH
WA T LU R DR RN A SRR R RS, BRSNS
. BEOEEBR . B SRR TR S B IR TR
AW KK TR TR B AR R AR e XU R B B AR WA A
SHEGET TR AAMEE, BRI,

1. B uURENBERS SR

SERE MR IO B R SRR AA HT R, EEILESF . Fam
G SR 2y ol DS E

FREFLSWTWENENER. FRG. HEES0W. B RN QB KRR
BARGURSIIRE, WASREDME T UERREANRYE, R LRETH—%m
B VR AW L RO RS

BB G BAE RY AR AT I 0 BDITIEBE R B SO R B T L 2 L9
¥

HEREE, THREQERNLEIN R, #RE&RESILEIR LN XRT
T RS MR, BR-EARIT SR RENE. RETES, 4 HIMRS
.

Y. MBNAR. FRESLTY. FESTHROEEEE, UASSTYRTS
BT FEEE, LHELMRBRCHEE RN, RITEH 60~80 H. HF WER
WRe, R YRR L >08Y,

WELH R RO R Y. REMRSEE TAMBRERSK. LR ERME
TOREGB TR, EAR A, AR RANEE. CUSE R
SREERTANEASH By b, BTN, £ 0CU FRBARRT.

HEITH QR I RRR R . AR A KT R 5 . RRRE R B
BT REE, HERRABAERY SRS, BEBIUS, KIKEABLEN, BEE
CHE. REBD, BREK, HRMGSREYL, —OHIHE. BETH; B0
ZEMEER, FRIBMEBEEE, 0S8R0 — AR 1 AR T
o ARFRA I E ST RS K* | Nam. Ca* . Mg SRHB T, HETEHN
ST FT. CIT L SOi™ SRR T

B P 7 BT 9 (X 88 % ) Dionex 2488 21201 B FEUBHL, X Tl LBEAR
FRSHET, RAEREE. B2 A, WS WE T RT A ER Ml
FWE RS REEROT %, TREST 0 SHEIE. METH 60 SHEHE,
HFHA BRI,

FRAR G & 58 QAT IR P A M A S A, DR R B, 62 pe/k.
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KRBT RERET AR Y. FRARTHBRATRRT RENRS, FiwkaE
TEE AR, SEHT T QBEBERSN R, BRI, XERRET T
WiEegE, FTHT-9.

£ 19 RKEWY RREQRBERRL IR
HARE & />
Nat | Kt |Catt [Mgtt| C- | B [SOf

BB B3 THER WL B B R

2HGE, O, 3 BB

0l KDz-§ % BAD-REY- TR 31.581 4. 52 0 | 0.15]54. 66| .10 |12. 76

02 | kD33 | wmm | SUE U BERARSNFEL.

P i i 8.68 | 3.59 | 0.44 |13.07/21. 55| 0.41 |10. 00
B AMGE. 1 S8, B CM, BT-HY5m -
03 | KD4-2 TWE | ey RGBT RE 33.03| 9.78 |51.06{ 3.68 |92. 71} 0.35 | 3. 65

4 5E, CM, 14 %4t
04 | KD4-11 | H®E | BMétwd- /MO HZ 6 H%-H# [20.43] 3.78 [97.83] 2.44 |29.66) 0.22 | 3.73
¥

05 | KD4-11 azha |[HE 4.06 | 4.49 {32.05) 2.30 |11.88) 0.20 | 4. 68
4 VUE, HBK 20m 4, B

06 | KD4-16 BE | pow ey E;E 55.65] 5.79 | 1.13 | 0.33 150. 03 0.03 | 4. 96
4 VU Filf 12m

o7 | KD417 | FME mmr HRA- HnE R | 7.29 | 2.28 [32,08] 2. 84 [22.03| 0.40 | 3.33

o8 GF-7 B 1-1°HE 12m 4. 5%3—‘

R KBV 11.20|1.26 | o |o.05[18.64] 0.08 3. 27
1-1HE. 328

09 | GF-32 | H¥WA ﬂtl’k‘ik%‘&!ﬂk 12.93| 142 {34. 24| 0. 89 [39.66| 0.31 | 4. 35
WA

10| sD11 H% g%z::?zf;u 22.90/8.20 | 1.80 | 1.14 | 8.01 | 1.19 | 43.8

n| spes | a% E&%’%ﬁ'& 15.10] 6.56 | 1.50 | 0.98 | 4.68 | 1.10 [ 28.5

12 SD-27 A% |AE 11.45-4511.20 | 0.33 | 2.21 [0- 924} 49,5

13| S | wAmE (AL DL /W 7-8114.92(1.80 2,45 151 [ 1.41 ] 32.6

4| sLos | ARE ggﬁ“ 2921218 / | / |4.020.385(50.7

15 SD-49 HME gzgit’;gigﬁ 2.4a)2.46] / /| 4.84(0.616) 147

SEE . IR RN,

ARHATRA AT i IR BB, R 7-9 RASR A — TR BE AR 28 (AT BB |
BFNEE. EEMNER: S-SRI ERY R ERETAERNE R
mol S IEMHH IR, FITFH 710,

2. BB QRENTEES S5

BEEREN RS T, 2RRETFOEE. ASHCBEN NS EEY
HERFETE, BRTEFTRAREEE, SESHIERRT. WRES, 2ER, T
FLG B0l 52 410 S 4k @ B3k 47
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Wi Al B 3 4 B % B Varian 24 @ i VISTAsoco /6500 B S AR 8 38 L R B =
VARIAN - 34008 S AT 5 3 Y (7 B VISTARD . Sid ok, 78 L (X3 R in— SR m ik

F U ARGHTHHEQREVERS T

v SHASAFER (X107 ¢mal/g)
Y BY | o BR8P R

H,O CO: CH, co N 1, CoHe

ZRIERT, 139
KDz-6 | A% | ¥ . H&T-HM | 23.904 [ 7.082 | 0.403 | 0010 | 0177 / /
T-EX

IRE1L BT HK
KD3-3 | i@H i‘;?”f;vg / 23.872 | 0.097 | 0.421 | 0.037 7 /
E-IRE

4558, 1 ST B,
¥E CM, & 5m b,

°

o

03 | KD4-2 | T4 BEET N 2.877 | 6.263 0.029 0.022 0. 152 / /
BE-HRE
4 Huill CM: 49 14m

04 |KD4-11 | A g—gfgzﬁg 7-987 | 11.636 | 0.051 0. 038 0. 660 / /
=il

05 |KDd-11 | HEH | [WE 0.780 | 3.210 | 0.017 | 0.046 | 0.037 / /
4 5058 0 Bk 20m

06 |KIM-16| HX g‘a&r—ﬁﬁw’—ﬁ 22.907 | 1.951 0.203 | 0.012 0.034 / /
*®

4 HUEETH 12m
O7 1 KD4-1T | HEE | 4b. HEHRT- SR | R 1.305 | 0.052 | 0.047 | o0.222
B-ARA-BE

1-1'5 @, 6 %
o8| GF-7 | BX i%&kv—i&wﬂ 19.861 | 2.566 | 0.137 | 0.014 | 0.020 / /
G

1-1'HE, 32§

ALK B ’
03 | GF-32 | H#EE | gy s me | 0099 | 0-396 | 0.008 | 0.028 | 0.000 / /
B

TR M.
10| 8D-11 | B (MEOBESE-E | 13.662 | 4.546 | 0.060 |0.000036| ©.196 | 0.060 |0.000033
K

1| spes | % ;};’W”"&@E 20.333 | 5.364 | 0.73

0.000036( 0.0714 | 0.053 |0. 000033

12|sp-27 | B& | HL 8.333 | 3.636 0.625 |0.000036| 0.0643 | 0.009 |0.000033

13| SL11 | MR gf (DAL 6500 | 7778 | 0250 | 0.00036 | 0.048¢ | 0.075 |o. 000033

9 | FIZE | EFMAC, WAFBK | 11.667 | 3.727 | 0.163 |0.000036] 0.0286 | 1.320 |0.000033
15| SD-44 | B%H | 1-3 8. W% | 35.889 | 18.818 | 0.125 [0.000036] 0.643 | 2.670 0. 000033
16| SD-59 | HZF | 1-10 S8k, A | 0. 000 |18. 818 | 0. 213 . 00003 0. 143 | 1. 550 k. 000033

WHO. ERER R
17| 8D 49 | 7T#EE SORKTRE 1.833 | 0.655 | 0.213 |0.000036| 0.464 | 1.055 |0. 000033

AHEH: HTMEERTREN FRBRERFMEL. EHx,
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B, GG FTIEREREAT A0, RARE, FHBRSE. WRSE, FPRBRATH
HFREHTHEFINRRK. S8 BWIEM ALK, —RATUERIE, FEHE O
(Gas), COzv COL Hey O, N £ CH. LR RAS, HEW. SRATEER, AHT
REBEET b AR TS AR RSB SR . XIS R 0. 05<107°
mol/g.

FREEE R RTU R RS T M RS, R SRT S5 HE L
BB HEAT T UM 50T . MR T BERLE . B F B RMT B RN E TS, A
Bl T — 2 5 B A AT b RO SR IR A B I o o PR AR A B

RS AR TS B ) BT B I T BB (o8B B9
FISE. FRAE, BEN 60~80 HWRER, SR, B, R0 2¢ WER, MESK
AREMBBREA N, FHTERRS, F R RAR . IR A G S 5
ors SR ERSRET R, BRMR, AR UHR SRS, diE
ERHOY-BENENEENAREREY.,

HA R E A SRR EER 711 B, B P, AT SRS SR,
BEREER L RATD BT ST S AR mol %+ LA R KB FF 5 BUF i 45 1
—REAHSE TUEY mol b, Hp CO,+CH+CO/CO;» BREEZEZEEKERERNEEY
TRRY (Hyd. T AR MR RS 0 /AR AR 8. W BRI & 7-12,

B IR VARET PRALAT I P BR Ak

RO EREGEENERYUEAY. SRFHERSRE L RT PV-T-X 5586
BACA K, B, T BB A RS A T B R BRI . BRI
ez, B, SR T SR R R T S — a8 s L, TR R,
BEHNE A SRERBHEREWERES, BT SET N2 MG EAEE YR,
HEGHEREES EREMEMIIAMRS, CRTFHIES, SUEENKRERE, &
BOFEHA, ik, Tk @B AW AR R, CO, R M2, BN R
TRATYRAS . EFEMFEYN “EiRE.

I WY ROET RESHE

HIE . RAOFHRBHH—BEMBRALSTREXT ROWERES, RBOERY
BAREZ TR, BHRESTREZ LR, &N S0aE0aEBRaTL. g
SRR BCH S AL 2 — R B B LR, DL R B R I —
T R B R NI B 200 ~50C, ROANBBEEUMER/L (<
10C).

B HUENRE (D REARY FERORE. BTy W8T EAES 8K
8. ARERRE P-T-V-X SR 2ZBAMBN, B ROLLEE, FUE—BE
HIL - BE R BERRRE ISR A8 ER. TE A EAENE SRS,
PRETIEGE AT LU 4 Y 4 3 — BB BB B By R

DR & RO B LR £ B HRAR S0 — R AR R SR (BT A 41
EUHBRENET A MEE RS R, THERER, §5. W, AT
TEFGEFE. RUTHTERIGE ., B0 BRI S R0 TR BN RERE,
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KK R ET 5 R

BB, REBTERE-FHEKTHTBL: 360C~160TC
B—WR B, 360C~260C; BIH B 260°C~180C

EENER. WD M 340C~160C

BT E: 340C~280C GREMI THED
BB 260C~160C (EEMERHET FWHT W RND

| Qi
#—FERrE: 3000C~200C

D -HEAD B 300C~80C

BEOFHE. 180C~80C (BEF HE, HEPHRD
B R A B B B E S B R B E A E R, AR R

TBEHEWM TN

COL+CO,(H)
+COK A%
+NaCl ¥ #

H,0-CO,
=NaCl35HF &
104
W+NaC] i3

204 H,O-NaCIHT &1

== H0-NaCl

—— H,0-CO,~NaCl

~304 L i
0 20

=i 4 Wiinacn / 1072

06 46

B 7-8 KAHHEF B CO,-NaCl-H,0
WAL R 5 R

1. AB"§ B BB B T AP e B, B
. BB BURE R R R R T R
B 44 ARA BT LB B, Te. B, Cu,
Au RERRHRDRT .

2. WP ER RN P B ERT
FEREY. AEHFETEY. A5 L0 RS
TP R GF SR RN S - R B
BB EAHSEE:E 1 MBHE LB
SH I HENE_EHBLF2RER.,

3. SALE B BLEY R TR BL, R
& AR A TS A A R B SR K BB
RMBEHBE, ARG BILWT IR
WAE CBER” BMEHHTR.

4 ERT B BREEERET . WS
RET SNEREEE. DRREER, 13
WO Y. RS REEREN.

S I T ACOK ¥ IR W B T R B
SR T AR S TORE R A R
BEREH TS MOE MBI, RER 7w
PR WHE — 20 S B AR 1 0 TR 64 T LI R
A BCBLE R0 — IR ST ARG R

KK Fiy k&

ST DR AL I Ok A B R R AR

R Pk e A E 858 KK RS RS i NaCl-H,0; CO;-NaCl-H, 05 Na-
CLKCI-H,O % LFKA, Hr NaC-H,0 # 8. EEEREZ 5, &ERRT K. B
REHREEEAR, HEE 7-8: AR EHIHE CO,-NaCl-H,O kb Sl A E; & 7-9,
KK B NaCl-H,O 8 £k I AR B 55 2 RS R A 710 KA BB NaCL-KCL
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1T

800}

P 7-9 XAKHRIF K NaCl-H,O %k B i ¢k

— 74 —

40 60 Woacn / 1072
" NaCl

RESHEXRH

HO =R, EXET KA S1RRESEN
#5475 NaCl-H,O &30 B i ¢4 £ 4k, BT
£ (chaixmeca) B# &, M—TEBERE
MEH—-BENSHRE. RS +CSBRRE
LR R IR . B e d T aRERRE
o JE E FHR B UK S A AR UR R ER
B, B8 RBIH— B A 55 AT B8R . B ER
FEABEY I — B 5 RO (AT 7246, 7
HUEHERBESEENXE (E 1D,

M 7-11 53R 7-2 FRABHT HFY—BIE,
A, EERY.

1. KEFeE L2RE LA EHATRE
R ERY 1R IR ERAEE. W1
RS ENBRTR .,

2. A 1BV BERTFS, EHAY
WEEHRZ . IHBRMERHFES, E -0
Bm: VH BB REE 320C~240 CRAERME
Bk OHAa R ER K LSwtnal~
8. OWtouen %o 3XJRAZK YO IR SR HF 69 45 B 45
fE, HEPIS W, Sn. Au. Ag. Sb, Bi S#HHT
KREFER.

B 7-10 KoKMW F B NaCl-KCI-H.0 = A ®



BE Wiuey/ 107

T
280
BE Th(T)

Bl 7-11 RAKHH KRB S X% R E
T BB GRS ) T - L I BE (RWies);
TR I BB GA&T)

3. 1 BB, £ 5 H NaCl-H,0 %k B A fl NaCl-KCI-H,0 & CO,-NaCl-
H,O B3t a: B kB, AT I BrRAT fiik, S83RP WY Nat, KT SLI R
EmAERYRBFTSH, RABERE, KRS Rk LR Em R R ke K&
BRER, FRAKAMLEY REMAE.

2. BESER

D #BE

MY EBP P-D-T-X EXBNHERR, TART KLV EE D) BRERRE
ML SR 2. WP RSN RT RKHEENRE, BREEHBRT RS R
(NaCl-HzO 5 CO;-NaCl-H;O %) ¥R, 4RFAHXHLX, BR, LIRNFHL.

KA U NaCl-H,O B E MR IEREF BF 15 A KRS, ZH Hass 1 Potter
(1976) % A By NaCHLO Sk R R B -30 ¥ - H X EEK . BIR Walther (1984) HH X
# P-D-X-T #30, TLARGET KR FIRBE. 0.91~0.86~0. 77~0. 7lg/en®, H
o CO,-NaCl-H,O BB MAF S &R, SRH K. 0.93~0.87~0. 79g/cm’s #EA L NaCl-
HO BIA RS 8 MY . bl B s vk i 8 B2k LRI 7R th B A R R
& EH BT B 4% . T1& NaCl-HO 1 NaCl-KCL-H,O B ik, AESHLESSHE
BORFAE , BRI RK 1. 06g/em®, —fREE 1. 02~0. 95 /em’ J [, XA MV FIKERT 1
WE, FHEMAR LR GER2T ST BE, XAREERTRENTFERKYE
U RATIR LAY IR, WTLLBLATE S A BRI R MR R

[



EBFENR, EXWD KHEE Te, Bi G B (1), H—HHE¥F NaC-H,O
WA AR, RS, 7 0. 76~0. 58¢/cm’WERN, XA KT FEBEEXSE
& NaCl-H,O #i NaCI-KCI-H.O @R R #E (1. 02~0. 95g/em®) WBKILET., ARHF
ETRMA TR LR, RN, MRRIERIE, W, BB RES
HABAERTNER, EARAKER. SIENTFENLE, 38T, STFHATH
* SRR REENRT RN, RED RAHBARER, TAKSHD KSHER, E
RHTETRGAERERE, B8 Te. Bl FomAdiEd, BEKN. 2BREMSE
B Bt ek T FITHA Dk 0 SR B . BWiL AT R E.

BEEFRKART RE RV T RETRENEEY

WD BB (1), 0.91~0.76~0. 71g/em’

PR EE (1) HZHO 91~0. 87~0. 79g/cm™; 1. 02~0. 95g/cm?;

0. 76~0. 58g/cm®

WERT BB (E): 0.92~0. 86~0. Blg/em®

HRERGR, 1 NEARETEMREESRARS HKkLE, AT B aBE
RS BT BT R TRIE, TTRAMEH & Te HEWHAAS B Te SHAWRONE.
ULIETIE S TAED". B A, M SMER, BAT ARBERM AR RNE
iy BB AL

2) &h

RO ESME . ®EAERT R RAS, BREESWH, Poter (1978)
TR RS EIE KI5 10 30 NaCl-H,O WL B2 0 — B 3 S 2 P A
ﬁﬁ,ﬁuﬂ%@ﬁ%*ﬁ?ﬁmﬂ%&?mﬁmﬁzuF%@%Wﬁﬁ%ﬁ&ﬁ%ﬁﬁ
BRI SR B R R R (D) A%, MO S B A AT
B SRMEE (1) FX.

FAETHE R LB FRL COrHO R I EF, TR NaCl-H,0 (K& 5, B
%.ﬁumﬁﬂ@ﬁ@&ﬁ%mﬁwﬁx\ﬁﬁﬁﬁﬁﬂﬁ.ﬁm*%ﬁ@-w%&mw
EAE. RRUME K AN KD E /%, 79~56~33MPa HH, K&RTHE
HREELN

I BrBt: 79~60~36MPa

0 BirBt: 75~55~36MPa

K BYBt: 56~33MPa

FOK B RETRATTHE, R5 KRMFTERE, R L% Sk
WHERBERAE N GEEM%, 1990, BB, EERE 2L SN MR E YT,
HERMEEEAE S HTH NNE fI NNW HANN (BRTS, 1995), KAGQAN
B E LU NNE A1 NNW BB R F, 3T msas s ik, wHER=P AR
R RHRETFORREF . 2%, SRECESMERESBASTURRR. LR
EﬁM7%ﬂaﬁﬁTﬁ£6&4%ﬂa%ﬁEﬁ&*%&#W%U\ﬁwmv\ﬁﬁwﬁw

TLRER. HERBYENRBHR. BB ERE KK, RERKMBEEN
e —



(79MPa) , BEHFARMICI . o FANBEEF R K, b T E AR, SRR Mk b
B ORRTEERE. ERBHRSTHMREORESRERANES, FTXMRYGHE
TR BERT ) A SR AR RIE Ry FERD B (1 8D, HRBaBkE
WA (ERT-9; N-6; V-10, 11 %) RATHER BRI, BB OBEEIIREH
gt i RS EF1 Sk 5~15MPa,

3. fOr foo; RIEREH

RABHAEREDPSERS VO CERE, AOTHMEESSHE. A&
HEMER, THE (0 foo, TRBUEELULEER, (EARGRT HWEILSE %8
FAEHHEIE .

B RK I T T SRR AR LA ST R IF A (R 7-10) 0T PR BY ML T 14
ig)
HEERBAMA B PR EELCO, .COCH AL BCH B AT €0 L
0. COM CO BAFFA, EAMI HMNSME ., CHRF AP ERTE ke
BR:

2H,+0,=2H,0
2C0+0,=2C0,
CH+20,=C0,+2H,0

ERWHET . MRS ST NET. MR LR SR NKE TSR, BART
EURARFR SM 4T ) B R TR AU KR, FI R BT AR AR, 3H3 CO,. CO 71 H,0 %4 Lg 4.
BERXHEE, KRBT EERNY fo,. foo, SWRUL2 S,

) $BE (for)

FAKEHT KAV REORRE Fo.) BRESRENSHRS SR, 240
RORTRE, EAOSRAEFTHN, ERAEARETH Lefo,T AL REET K
Lgfo., HE—HHHMNOEREE,

RN ERT B, A EORRERE, ST RSHT TR KRB
HIFRA. BEAHYUREHETN,

LB B f0,=10717~ 10712~ 10710% (345 10710%)
TH B f0,=1072 %~ 107 % g 1l (g 1055
BB . f0,=107171~1071% (Fhy 107 143)

PERERBESKNERREFOLETHRER : fo,—1070%,

BB R RSN RE . QR BENEAAS ST RE S, 1
R

JO, =107 11078 oS5 g gan (S 107008

BRELTHEAFIRREEALE. N LRI ERREEEIE, GE
BE BN BRAEA TREY, RRIAGTES. Narss e fo,=1072)

(@) ZBRATERE (feor)

SHABRIE (foon) BIRE . BER fo bRk, KIBSERSDC. H. 0 =gy
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HETHRER, HARERGET CO.. HO, CHM H.8 Lg BHH, & Lgfeo, TH
dr kM h, REZEARRREE.

KA RERT RBRR LS REETH ZRMAM Feo) BEMER

BB T B foo,=10"10~10""~10"" (P 104%)

BE VBB fe0,=10"~102 °~10%1 (F-# 104°)

BE LR feo,=104%~10%" (4] 104%)
ERHEERK: fco,=10"%

WY BFMEEN . foo, =104 ~10"8~10" 2 (T4 103)

VRS & W B BRI F IR S WS 1 69 Soo. FHEME, HRF &£, PRENZ
FLBR RS EF, RARPEE, BROMRE, FRFOKDEREY . R
HFHELSHB. TRBERT LM, foo. B E TH (F 10%) . B, R HEE R Bk
ERAN ZEARBERG 107, ZH K.

3) TRBH Hy)

EHEREMIEH N GRENRS . FHNRTERSBESRET RARRSF
%, MRRFEGHETRERTHOELTR L. RETFE (1083) SR4AEE
o B RS RSB S R R R R R RS R R AT R R, 3
EXRERBH Hy).

BFREHE (CH+H+CO) /COER, RKNRT HREL KGR THRS 4
TR & ERIRB S, RATE 7-10 71 7-11, RREHE, S48 12 0. 0074~0. 06~0. 19
~0.40 WH, &ATHAHT RS RELEHERSH Hy),

B LB B Hy=0.0074~0.059~0. 008 (£ 0. 024)

BE UB B Hy=0.071~0.019~0. 0076 (T8 0. 0244)

B EBE: Hy=0.161~0.058 (3 0.1095)

WG ML RY . Hy=0.042~0.17~0.15~0. 026 (FH 0. 0578)

FrkE RS HESNTF 1. SERTHNTHTELROM L, MF 5. RO, £
FRBTRE, TORPBRNE, FETFEREAE, L SD-10 FRAERRE TS O0RE
EHREE, HENTESHEY 1. 92,

4. pH{A. Eh {4

(1) pH {8

BRI MR ERBR R . 5 BB AR KK T B 9 B BB R TRAL W, BN
P E HATHCO, 8 8. 3H9H pH (SR SRRtk (5 E AT RS BKIT T 0 B ke
Tk W RS RGP HCO, %5 B iR a9, 20 ok B 5 810 22 9% (11, 38 RE 347
BOGREOEERSRGWL0, U RIEEUMN SHREGEREE. EHRK
AL S SER, VR pH PR SRR B R T WA BRI (oH ),

LW KAHEED R WS R B, H pH=6.53~6.42~6.07,

HERT BBy pH E.
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By EBB (1) pH=6.53~6. 42

B HEB (1) pH=6.42~6.07

AP BHEB (E): pH=6.44~6. 10

REBHENBE FEE pH R E TR, HUEWHET . Ry ST ERT RS
BB RT, IHBREINRREEE/LFHY,

() Eh {4

Eb {8, MR HHHEL-ERB . TRANE Eh HARHE, ITHERETR
BEEH AL P A s TR UK . 0 T HRIR (R S B A 3 437 R CO, . CHL S
Tt KRS,

FOK R R T K Eh H. SWMANER, £-1.31~—0.81 KFEIK, THY K
BIRIEEATHE — 1. 54~ —0. 61, ERZMIEMNEALTRAEMEEER, SRVH
BEL—ERA M, Eh Y-

AP RBB (1), —1.31~—1.13~—0.81 (P#—1.02)
B PHE (1) —1.23~~1.13~—0.77 (FH—1.04)
BUBRBE (1), —1.28~—-1.06 CEH—1.17)

BT . RHET S ERTHE SR RN Er EHERT 8 WHREBL

H. &P NEHRTHEABELRTR R Eh SERMEH &,

AL RAEET RS Fk ER 2

EBEE YRS TYaREITEEOTRS R ik, EATURRERER
PEBNLE RS R, ERT AR, § - SRR — T LA MR
R RTEATH R . SEFRMRRBOBEORETHRS . WK . R Wk
HEREHAMGBASFESIH, REEARTRORN BT KR R ey, %
BRHEERE,

1. B R apa sy

BB R E SRR SHT R8P A R HA SR A Na™ K+, Ca®* . Mg .Cl-,
Fr . 80i"# H,O. CO,. CH,. CO. N,. H,. CH, % 14 W4 GEWFE 7-9, 10, 11).

BT, Na™ @& BN 55, 65~2. 44pg/gs K* Y B8 RAR Na* BB M AH 22 B
B, 9. 78~1. 26pg/g TE, Ca® B HFRANSHIN, SRIEMEINRBH. 97 83~
Opg/g, T Mg 7€ 13- 07~0. 15ne/g,

PR F AL LA CLo RIS HE, HA Y 92.71~1.51ug/g: F- & BEN, 1. 10~
0. 20pg/gs SOI™TE 147~3. 27ug/e. —MRGALH BRHI BHE QA L5 247, SO BB 2
BEEh BTG, BEAAT A AR, T AU AR KV BB e SOZ £ S I A Wl 7T
ZHE,

LR, RAFHITERT RN A CEES B B &M, UBRERKNT, &
B TYIRMARE, FMEMEASR, 1995 FEBEANERAENFBTH.
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1996 £F 4 A {43 E Renishaw 24 7 RFXMEF MR BAEER, FTRARAAGNE
AT GRS &4, RAVES T 10 tHRF AR B 5™ IR E R B B ey R dh
LRI LR Z 0 SR E R A R KT SRR TR T e,
OEAPERKNES N EEEENE, Hik. ARG B B B R
Z4k.

HAABEKTHRSHERRSE, L HO M CO, HE, CO. N,. H BB KER
TR CH. SRWL, MIREEBS AR FIQME . SRR ERUK T L
8 mol 5 HIHEH, H,O B & B, 7 90. 88~30. 28mol%; CO, TRHAMWH M. £ 78. 88
~11.35mol % (F 7-11 ; KD3-3 J KD4-17 i1 F H,O 5M47 M, §5 COmol % & &t
B, CH S BEEEH, £ 4.93~0. 20mol % s COFIN, EBHHRE, TREFSHS
#, CO&B/IE 1. 73~0. 001mol% ; N; 7E 1. 63~0. 09mol%; H, & 9 ¥R R KN BB
MR, A& 8 & H A®AME, 24 97~0.032mol%; CH, MR, £ HRE
&2 0. 01~0. 001mol % .

2. Y R ARTMBR IR MR

WT R GRS, WAL L& s fE TR EE, E—RBEER
T BT FARERIERE, AT AT AR SR REE R RE e,

1) Na*/K* W8

B T-9 48R . FORWRP R Na* /K LB, 9- 61 (KD4-16) ~8. 96 (GF-7) ~
6.99 (KD2-6); —f#I Na* B F K*3.50~2. 42 %, BB T AT RPHBFH. 4, %
B BRI 5 B SR R i R Na* /K SRARBR  5 BRI VA B BE R oF Na* /K
AT 1 (SD-49 #5), BF Ftkth Nat /K {H(E, 3 Roedder (1972) M¥EH . %
R Na* /K AR A, 5B T KO 35 B Na* /K WA, %
EHEAEHT Na* /K- HRE 17) RELTREEET (BRIBT ) Nat/K* 5 —
F s 88K D LGS Na* /KHEEB, % 0.19~1, 2, X565 FEH B 5 % 3B 2,

(2) Na*/Ca®* W{H

AW ERRTFAH Nat/Ca® 2 A B, DRRT N B Bs KD4-17 B
®3k 49,25 %, FLKRME 1 BHBM Na*/Ca™* ~:19. 73, J& T 075" Ik 35 20 o 1 20 S 4
Na* /Ca** ~212. 72~10. 07 o M4 70 ; TR T MR 425" S 2 5BV BLC U BB , 3 Na* /Ca*
EHAR, (7 0.23~0 11 W, FRTWESMTFHRIRG . HESET Y SRR K
(KD4-11, KD4-17), Na EBF Ca®*, kA, Na* iy B ¥ AHRE, RELERHRT
AT HRANEEER.

(3) Ca®* /Mg oA

Ca®* il Mg ERT WA T BENRIERET, Ca" + Mg HERIR RIS
BHRNEERE. SRR IE Ca® /Mgt 7E 40. 10~13. 88~3. 42~0. 03, K5 ¥
HBMEERE Cot* /Mg™ # 3. 64~0.73 Z[H], Ca™ 5§ Mg™ 7 WA BT KB4t
HBK, EET LT R Cat* /M X B R, H Cal* /Mgt =4~8, Ca¥* /Mg* It
EERK T RAEME, HIRAEGRAEBEFREEY, & NaCl-H,O &k R4,
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Mg (A Ca** R ME A MR A SANRR BT HE T Ca /Mg tERN
R, MK XA FTRE (CaCO) & Ca BITMIFEM, LR ST %5 = BhE AR B
(D), ANAESHENSZANTBOHAERET . EHAT SHtEAG2Z .

(4) Na*/ (Ca®~+Mgt™) Wit

ELILTCER M L, BREEWTIRE Na*/ (Ca*™+Mg™) W, KEBEXRT
B.oA, BeBrBEAN Nat/ (Ca'™* +Mg™) 42 0. 64~0. 21 HF, MU BB —F WENE
Bl 3812, i KD2-6 —P#H BB TRASHTHE Cat~, H Na*/ (Ca®* +Mg'™) HIXHH, X
R, R — P BT . B MO R Na*/ (Co? + Mg ) WABE 7. 79
~1. 84 M. WHEEMIMEFE N7/ (Ca”+Mg™) 5 Na* /KT HEEE, 1EHRHIR
TR B TR, MEEER - REREENERE RS ST R, RS8P wi
AT FEARKF KD Nav /K™ =0.16~1.5; Na™/ (Ca’* +Mg™) =0.28~3.15 (f
B, 1983).

() CI" . F~ R CI/F Wil

CrRMF #BFEFHRTHERZ T, THRTFLEEEEEORT. REREC . 2R
BE BT EEMABT, TURAIETRUEE, THAREENILETE, 5 Na
FBR NaCl, #% NaCl -HO EBBRT BHE R, LURH A EEH CO,-NaCl-HO K&, ¥
FEEHWRIMEMER (Roedder, 1972; Barnes, 1974 %) $54. C ERATSELE
BB RBEESY, BRACT, Cu**, Te'*, B SRE T, EREEH RS,
TRE SRR, HFRIGLEBEN, OB AT Sl mEET K. B8, TRE
EMEATHERTENE AYIE.

AREHFK R KR EMEF &L RS . O SRR R , ©RL B
PR TR B (T F-MSOI), ME &S b, O &R0 BT WIEF, SIEXET Na*
BYOE, RERSY, CUATRS Na* (Y, BEZIT Nat 4R, k794,
THRBT R, B BB Cl & B 150- 03~54. 66~18. 64ug/g BN HTHKS
A Cl & RA REMR. 7 8. 01~4.68~1. 51pg/g K1,

FrEER T B BF AA G R LR - WA CI St FREIER Te. Bi ST TEH
fER. AR ERTERDF TRE. 150 41~0. 22~0. 03ug/g M. THPHKZMH
R P & BB FORT AT, 7€ 1 4~0. 91ug/g 2 ], LRIER, F- ERBPET
RIMIEM T, Roedder (1972) #iH, F MEH LBEE. SEAERTHFH.

I /P B ART BT B B R B 98 CI e e ) i B e . 2 79 L
M CURF BARTERT&, R 1 BN WE I EY 546. 60~ 233. 00~
52. 56, WD EERT BB (1) N 134 82~55. 28 W B X3S CI- /F- I F IR E 6. 73
~4-26~1.07, REVHEERTES T WK Cl-/F {4 H 296.00~65.60 (B,
1988); PRI ALBHBR F~/Cl=1. 38 Odigklr . 1985, BN /ASEHT R FLIH CI- /F (5%
55. 87~20.20~3. 91 (KK, 1990),

(6) SO & (CI"+F") /SO W iE

WY RPSOURTERNARTH, CEEFE, ERATORT M LE S BRE,

P



SOl G RERTERRAP CUMER, & 7-9 P SO (UURUHE —UHFLET R HH
2z, SOUSRESREAEANSTRA, PEERYRTIBRPSRESMET I —HHE
. EURFET A AR HE B PR R B SOT R BT A — BB R B
SO M= B~ HES, R ART W B SO 38/ 12 76~4. 68~3. 2Tug/g; WA & 507"
PRk 49- 532 bug/g, BRMHTHRF LB, CIFHEM K ABEAT SO, HiH®RE
M (CI7+F7) /SO 1 SO % (30. 25~8.01~2. 20 4%) , #HM M RIS i+
F7) /8O & (L2 0-21~0.09~0. 06 ), BT, CI° GFH F ) EMAFT TR P
BMEERE.

) HO. €O HO0/CO, kil

ERNET ERR, 7 RE—BH4 10, CO,, MHHO BT CO. 5 &, FUAH
5138 H.0/CO, 87 11. 74~7. 74~3. 37 WHH R B BARY COET H,
O F B, HHO/COMN 0. 24~0. 46, B LR, F—HHH. WRE TRPFHEEA
#1 BT WAk NaCl-H.O 4 % #1 CO,-NaCl- Hzo KE, BIENRT IR, BEESEAN
#H% NaC-KCI-H,O & .

MR, BRI RS WA R, RR 2B, HO-NCl R rfe
F» HO/COMAE 3. 79~2. 29~2. 073 > #ih X CO,-NaCl-H,O K ZE L6, 10 SD-17
B E HO/COMAL K 0. 84,

MERFENABRBET ROFRIER . & CO-HO HRBERETRMWRE BE
— CO/H,0 {HRTUAR & & # B4R A . S X KM LB —%, FESLT K. &
RWEEETF UM, H &P COM HO0 HH 0.13 HE 0. 63, BARER CO./HO @
HEEHTHXRREL, MEKKAH Meiutyre Holliuger 85 CO,/H,0=0. 9~14. 65 Bt
ST Sigma PARE S MAI<0. 03X 10" W F 0, 5X 1078 , CO/H,O HMM A 0. 42
= 23.95 (Guha, 1989) PENUKHH B LT Hh L5 BE-HAH-& 5%, % CO/HO &
H1 0.12 4% 0. 81 (Huan-Zhang. Lu, 1989),

(8) CH.4 C,H,

FERBTEFREAS  CHAE—~ R ERRET IR KPR E L S 7, WEAKY
WY R T RR AR ORE RS F . APHIE LSRN CH, (8 9 MERB TSR
BRI . ST HIL AP 0FLE, HEET KN RS AT MRRKY
B o AN RN & S MRS BT S WA R Rocdder (1072) 258, -
BRI P IR SRR W0 B LTI YL B, At B PP R IR B
EEBURPREMWRIE  KAWHT RAA TS CHA CHe, 2RKEHTER 8
B BRSPS ARE BN, ., TERLY .

(9> (CH+CO;+-H,) /00 WAE

RRHEAE AT FRGRILIRBEN S, WEAR, TER 198 RARK
R&8 ¢y,

€10) H;. N, 5 H,/N, v

H A N DR 8 2, 1 — 5 th T b & R REBSMERNZ
— gy —




BRI, TTRSIHE, NSRBI, AR REGRTRETE N, A
BEBEE, HHHHRTBBIE 0. 65~0. 22~0. 034, B H{L 0.017 (X10 *mol/g).

HAERHEAREH, 8F 2.67~1.55~1.06; —R7E0.075~0C.06; BEXFR
0.009 (X107 *mol/g). H.ASFHET UHRYWHARE, BHPEEE (KepaxakaBun %) Bh%
BHEY, GEAD HLARMFERYREETH TREMITERESE. Hit, BT RikpE
BH H,. BA%H 8RS, RRTDRETFHFERNER 2 BERE,

Ho/NAH . AW SRS EES B, B 46.20~10.85; —MFE 2.27~1. 62~
0.74, BALH 0.31,

3. BLW AR

HAERWTREHRTFRESD, FEWET—E00REN—EHRFE THRT R
&, AR ET R BT RE T 2 ER. 7y alk, Y —ReSammy
FRHAR, BAFATRER, REFANEETD, BRT KKURTREE. 28, &
RETHEARE,

B RS AR SR MR EETHEN, KT ERDFEEY Nar.
K™, Ca™". Mg*', Cl'. SOf . H.0, CO.f H,$H 5}, T4 R NaCl-KCI-H,0,
NaCl-H,0 &5 CO,-NaCl-H,O ik ¥ R #0369 B EBAL . B0 2807 Te, Bi 25 FIF Ry 1%
¥, BB, THB. UE Te. BWFETR. 0T RREEHF Y.

Nat

5y

5 Ca' Mg

W71z KK AW RET RxERFAS=AE
T BB G TR IR ERERT) . ST IRR (V)
B, SR B

— 83 —



B, BB EREERS FHHR, MEMERH K Na*, Ca™ . Mg b E 5T,
23435, B8 Na*-KY-Cal~+Mg™ =18 (H 7-12), Na* K*fi Ca™* +Mg™ HIHEF
W B Z AT, AT 13 FEEGR . IR E AR BRI, BT R FHE
%k, ®HFZAELE URRZEWHT ERT 28 Nat . K*, Ca*” +Mg™ & BT,

I8 7-12 A% WERRMTE RS Na® M Ca¥~ + Mg R 2T, RERTEHE 1)
HITRO ERT R (1) iS5, FHE N e G tMg " EERBHAE, X558
BETH . B OEERT M RO EEENTETH NC T, U RESERST L
EHTRE. BZEPUE R T NaCl FPEEGH SIS, X MmEFRT . W
TR E R BT W R NS Nat 8 K RE ik, U ZAE LRSI R, d. B
B By & #6 Gf 0GP K T L USRI Na™-Cat* +Mg® ', X R WIHEEH . AT B 48, A0
FRGEH &5 KT8 Na“ I8 Cat* + Mg 7 b e, XM SIEm 89 36 Em e
R IRE P EH KR NaCl F 4 NaCl+KCl 774 0 .84, AR RAH WM& KC F
THARBHENBINYE, 55 AL ABUNAEEEE S, WETS Na® B{HR
oA TFTTFAIRER, W 4 Nat i) Car + Mgt kR, ERBENE, =5
EARRGAERTBEAGESHEL, BL0TH Na Bl C70%) Ky, &—FEi
B+ TGS R T SRR IR R 4R, Na™ SUA 750 A0, 22 BHBEAY BB 4 5 305 t LB 209
S, SEBRERS BRI, B, UF LR R A R, 4Bt
HHIE.

B 713 RAABTELTRERRFAS=AE
IFRIBE G, 2 TR NB ERET), TR AR EEV
R, SR ()
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BT REFHEETLUC - E, RRESO,, WF EFELTERERTE, B8
R, AL CLl L F-#1 SO H=Hot. # XKW RRTRERETFHS = AR
" 7-13)

B8 7-13 EEHER AT EALRERHET ERTHE (1), TRERKT-8
HAREB B (1) RER. SMATHRE (THED S8 F . fiEHE Cl TR,
T—pish, BT IRE . SHEGRT G Cl KRZ W), FIRT BRI % H R R AR
$BAE SO MTTHMNE, WE—AIS. XTRR ST RREK. BHRFETWR, MR L
AR WHEEREA SR, BE ki AT SR R,
HATAK-HZRIER S, ARTTHBENRS. 8T FC §F SO0 AF, HXEF
CUSTAIRGR . TR T RS B S~ HHAT R B (O A8 R e RS .

EMEEOER TASSABEFEAN. . B, & FORRSRTRRaES
P SO; WAk, SHBIEMARE,

T FHE RPN GRS R REIFERN S450 . 6. 8. &. ARV LEBR, K
HR ST SRR, EITEHRE A C R Na® R HO 89, BRLB 48 A
ERREEREAT S RAE (NaCD FHYMALA S SO MHETFFOUREF &
FoosFELas.

)

¥ m
Bl 7-14  RAKWHD R # tk H0-CO,-Vm = 0
Vi f0#: CO+CH+ Ny Hy+ CiHe
1—FHE T BB () 2~ TR TR B OSRERT)s T TR GHER);
AF R S (RF)
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B RAMSHEAS . BRA HO. €O, CO. CHiy No H, 8 C:H, L2 &, BE
W . &, BERTEAP RO M CO, RurgtkiEA, HANCH,, CORN, %, |
FRECAFAME. ML HO, CO; MR 0, CO, SN AHES (CO+CH AN, +
H; +C.Hy) LA Vm {2, H:0, CO, # Vin 4T S8 KAHWRT KR 5 H ik HO0-CO-
vm=ME (EH7-10.

KAWTTEAFTRNE () MRMEATHE (1) UER. RPWE () #
WERR A, FEHE Vm (CO+CH+N,+H, +C,Hy) #5T. i CO-H0 —fi], B #
HAE T 8 CO-LO METAL . TTAH F0 B T o i B CO, MR AL, #T RE %
. HOZEH L. WRRT CO. B4R KoK imsh o I AU IR H A i il CO,
15 HO SR RIS R 714 P LRI R . S 9TE CO.-H,0 — T X&iE H,0
LM APPSR A R T i CO—~HO HA s, 7 — 1 X5 5
T SRS M T A E R VO — 0, SR G WD K S, R
AR R L P 35 B o 78 0 (T 420 TR 2 B 57 SR — BB L S AR T CO,~H,0 X
B 14 MRS IG. ER T CO-HO AR BB, 8L Te, Bi, Cu. Au B E(E
M.

ERHBIPRATERET L. N, CO. CH, A CH,, M EAEERER, 4
BLLH 4Ny COMCH+Cotle S8, HEAMEARILE, HRAKGHD T Wi
H,+N,-CO-CH+C.He = &8 (& 7-15).

VAN,

)
co o

5 CH+C,Hg
Bl 7-15 XKW RRT Hilk HAN,-CO—CHACH, = /8
LT LS GREY): 23 LR B UERT): S—FR IR (e,
AR s—BeE BV
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HEE R, SRV ERE. SR ERNBERER, 5 COXAEN, W
KB R G BRE ZEGE CO MWLM Ho +N,-CH, +C.H, — @, ML mBE, B
HFEE GEREET R ED B AKK SR N, SRR SR GE.
ERFHBD B4, MAHLE CHACH, T2 BHE . MKW, H# Te. Bi. Cu. Au i
B, KB HoANCHA-CH, S Z 8%, RHR Te. BRI, H, BFEER. 5
e ER, XERAFERN (E7-15,

— 87 -



WAE RER R R

- B RHIRILEF

1. G BT

ERAMT ERAFEEEE, 0P HE 2T REUEMr. B-0E (R%
FRRE BT B AR 39 F, HAREK 26 {4, BT 1 AHEET 2 4 (E 8-
D). EATSSEHARH -3 1%~2 8%, —0. 6%~2.8%F1—1. 4%~1. 9%,, BREES

R 81 AUV SRRV RARLRER

S (5ha)
ARG TERY
aHe_ | mer B

Vi 8 B
81 1.8 Btk
sz 2.7 S
DD 2.3 Bk
D@ 1.8 Bk
811 2.2 =23
D@ . 2.8 Btk
D,-@ ~17 Rk
Vet 12 BRER
S22 L9 B
KDi-z 0.5

KD4-5-2 —l.4

KD1-§ —z.0

KD3-8 —0.9

GF-26-3 —2.2

GF31-1 -0.% —1.9

GF-24 —0.3

GF-26 —0.4 0.2

SD-10 —14 —3.1 ¥k
SD-15 L9 —14 ¥
SD-23 1.2 L3
sD-2¢ 2.0 2.1 Bk
SD-41 1.6 —0.1 T
SD-55 1.4 1.6 kK
SD-65 0.6 ik
sD-71 s ik
SD-17 1.4 T
50-23 1.7 fd 3
SD-52 2.8 K
SL-06 -0 6 W
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X e
P zav
Zi g O aner
-»AEI:—‘Z 0 2 4
E O wwar
h :j

5805

B 81 WRAMRIHEFE
a -HET MEKTRPURL b -SHEE AT R

MEMRAE. BRL 1. 5% AT (& 8-
1a). EE B ORI B &) MR E
WHEREE, WIRBE 154 (K-
2), BUS{ESFFE 0. 5% ~1. 4% ],
AR HREEE P 2%~
0. 850 2 (8] o S AR R IE #4347 (1 8-
1b). KRBT RN 15 HRET B
FHRE, MENELHENTLRE,
HSEEAMA. ERHNRES S, 1
FRPMBRRRZ B THHARMER,
T« 38 A G ) 5 T 8°S (A
HAMW.

2. RET )R 5 E s Eam e

FE B[ £ R IR TR % T A 8
B Hr ] MR- RS AL
MHRET - RS M. BTGy
T R R T A
& ERIEF SRR - Rk~ 8E
7.

SR (8- R M. REHIE A
REM LB —, HMEREF T, 75
AT B P HEX ER NS>
848p, 880, >8"Sc,, B BRI ML SHE R
BETH. HADATTUHTE 8 5n>
O Spo b A 4 M HE N, MR 48 Kajiwora
Q971 5B A AR KL BAE 12~

207C. R—HEHEETRADEES —BERE. BRI R LT 5 0 SRR fr 2

SEBHAPFEEER b6
3. WEIREAI

RAKHIHD FRAGTHE DT By ™S LI —0. 5% ~1. 4%, T4 0. 5%, X5
Ohmoto (1986) 1 Taylor (1986) JEE M HRMFADLEME 0%~2%) HU4M&, ¥
TR B BB F AR E S R — 2, R — 2%~ 2. 8% 2 0], LB BLE A

RF BRE, WA RO E RS

= BB R R b

1 8. WMEEWREEAE

AR LI RAKIHD" K 20 tRtBeib g AT Thg . BRI RWRAH, BRAT
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%82 BRITHERBLRAL

WS WL 348 (%) Rt
TB1 R 0.4 AR
TH2 T ‘ 0.4 B
T8-3 2200 ‘ 2.1 S
T84 HHRE i 0.2 3
55 By | -5 BERkR
TB-6 LT 0.3 WERRR
TH 7 R 0.8 BB G
TB-§ l B 0.5 BB ik
T8¢ } 2 0.5
TB 10 s B1 R SR
TB-34 et o —0.2
SD-34 R —0.2
SD-40 ST 0.6
SD-46 WHRT 0.5
SD-59 RS T 1.4
$D-36 mEYR 0.3

WAL HRE T R S

83, RV UERT VAT 7 S A 8 Cron i — 5 4%y~ — 6. 6%, 8 Osvow H7
10 9%0~12. 6%0; MEWHT B BTG 11 HEZHH §°C H—5. 3%~ —7 2%a. 570 %
10. 9%, ~13. 16os KT HEZFRBE 4 FEEZHEH 8°C H—5. 3%0~ —6. 4%,; 310 H 10. 2%,
12 3% SRARNEREF THFHEN 0°C H—0. 3%~ —2.5%, 80 W 16. 8%~
28 2%, MBR. TURGLE BB SOME, MR E SRR 5 A . AR TG
A RE B R R B AT, 85 CronTE — 5%~ — 7%, ] » 8" Osowts 10%5~13%s
ZH. B, ENRAE AN RN ST IR, B—mbkEs, i
UREESWHARTE . # 5°C 3 %0 £ ZE (H8-2) Lo B REAR R
ARBREHN, THECMALER,

2. BSREI®

ARKUET T BAEEZERPEEER 0°C AL A, BB — 5. 3%~ —
T 2% WEL 9%, HARTHE—58%. NMR. BSAFY G54 RMES, 1080
BESER, 5" Cron=— 52~ — 8% 8" Osnow = 6%~ 10%, 2 X KB EIX , Faure (1986) h<3

HiEH . IR 8°C MG THE N — 7%, TSI RE A AR SRS E R
.60 -



B RPN BT G T RAR 8°C Hl—4. 5%~ — 7. 53%. FH—6. 45% (K
WA, 1085, MELALHAS, XAKWE K G PaRREH MBR T RERS.

%83 BMLTHHJWELEM

HERE | mam}»&ucm% -t 81O, 0% o E GO
kbi1z | MER 5.4 109 4.38 BEE BRKEVH
K113 HER —5.8 1.2 168 HEE-BEESPE
KD4-9-1 HEE =66 1 1.6 5.08 AZE BREF PR
GF-35-3 EE=2) —5.5 12.6 §.10 HEB-BREV¥F R
KD4-15 BEA —5.7 1.4 1.94 HEB-BREVIE
TB 3 BEE —5.3 13,1 6.00 REZWTE
TB-4 HEH -7.2 12.3 5.20 HER R T
TB-§ HER —5.9 12.2 5.20 HERRRET T
TB6 [=£-¥23 —6.2 10.9 3.89 TR R T
TB-7 == —5.7 11.8 4.73 ATRRKRT A
TB-§ BEAL ~5.8 3.0 5.90 WERRRY A
TBY HEAH —5.7 12.4 5.33 BEBRRYE
TB-10 BAER —6.4 12.0 4.95 RERRRYE
SDi2-1 HEE —5.3 11.6 5.11 HRAEK
SD-23 ARE =56 2.2 5. 69 HAH-HEKT &
SD-29 2F=r 3 —5.5 11.7 5.15 HREH BRKE K
SD-40 BEE ~5.6 117 4.64 HRE SRR K
SD-44 BEE —5.5 12.3 5.78 QAT
SD-46 BZE —5.3 1z.9 5.85 HER-EBRT %
8D-59 =F=r 1 —5.5 12.3 5.27 HRA-MHRT K
SD-62 BEE —5.4 1.7 5. 26 BHEEK
SD-65-1 HBEH —6-4 10.2 3.42 HEEK
GF-41 HRE 10 21.8 EZREKEY
GF-38 FRE 2.8 28.2 ERFRBEY
GF-40 FEE 2.5 28.5 SREXEY
GF-39 HBE 1.8 16.8 SREXER
8D-49 FRE —0.3 24.2 SREXER
SD-69 FRE 13 24.0 =REXEY
S1.-09 biL%) 2.1 27.0 [ EZesAEy

WA T R R AR A R LY,
E: HRRAHIHBFBEZE-K 3.2X10T2—2.00 (Northrop. 1966).

WEAHZGRPESRE 870 {H 10. 0%~ 12. 6%,, ST LK 54457 418
(BRGNS, 1989) ). HEFFRRETERTEANERBE, BHHBFENHR
THLRE 80 MR EA S . R 1000l00s 5423, 20 X 10°T "2 —2. 00 (Northrop et al. »
1966) SMEA, MAGSHED ~LRE 3200 E—RFHED M200C BZRTH
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)
2r & o 2

oF [
£

6 KIEBRAE

K
E3
[T S e

8"y {Bin)

82 BREAAHT 5 Cre Xt 8 Osow
I- FAMELOK; 20 REATERY

B, WHH KRS Rk OO HBRFI TR -3, B 22 HERMTE COETEEN
3. 42%,~6. 10%,. FH] 6. 11%,, RPHHT-HE ST R Rk 540 # 5 4. 38%~
. 30%s, T-H3 5. 11%. FEWALE BB B BRI R 81°0 (B 4 3. 89%,~6. 00%a, -5 5. 17%: &
FA BB R 000 R 3 42%0~ 5. 78%y+ TH 44 8%, A _E YR AR B
TRESHZARKOBE R+ A, FBACRORAHK, BEBNBHERES
G BR B RET S8 S Ouo BIRBE T T — WAt B £ 8. FEMMERIL
ZETH R OuoBiE. XTREH TR YRR BRI E R RRI% L.

Br—fFFER (SD-49) Sb, R 6 F=RJAIEE HRRY 0°C Y 1%0~2. 8% FH
1. 9%+ HRZEE 1. 8%, GF-39 ¥ &bty "0 EMTF 20%, HA 6 £F 80 7 22, 6%~ 28. 2%,
Y1 24. 3%, 3 16. 6%,. Ohmoto et al. (1079) 51 . ARSI H 8C N O£ Y.
THF (1980 UHERTHMRLUE, EHBETREN 'C HRTE 2%~ +4% 2 Ek
3. H SO ETTH M AE G A 30%EH TR RILHERN 204EH, RREERRE OH
RAE . JORE R RER B30 S A KIS, ERREFRHENE
AAARK, SD-49 H:fh 8°C (—0.3%) AR, GF-39 B 0 0 {H (16%.) WsfE. WfH
GAATRE 12 S 13 2P HKE TRRFNESAEE. BHNTAERTERIEY S
BRGRRRSEGRR.

= SHRFEME MR

1. HemR

SCR TR 12 #HEERGEST T REFERNR S, BPEES2 th, BER 1NE
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Ko, HRIFANTRE 4

ERGETRRETT P, TERGFYEZaASHTRIKE. HRALK, B4R
YRRV RSO EEKTURRBE BN EA . ERST ywRNaZ®. A
ERTHARRTEPHIESRTATHE. BERET AR EL.

Fe4 B BEAMKER

HERT Wiketn | 00w % | $0m0 G0 | 0 i v s
KD4-10 HEa 13.0 311 —61 BV E
GF 21 =323 e.9 6.54 —60 ®¥E
GF-36 HEE 10.0 6.66 —61 L Txa
KD4-5 "E 127 5.05 —54 e
sb-08 ax 13-4 0.33 —82 FERK
SD12-1 -3 2.9 2.17 —62 HIER
SD 25 EE 3 134 3.7 —64 FaE+
SD-67 A% .3 6.64 ~59 FAH+
St-11 & 13.8 818 —61 BUEREK (D)
sD 20 BEf 5.6 5.90 —67 Lok 2o
D 71 HET 1. 8.04 —84 s
SD-23 HEf 10.2 6.84 —59 Lk ey

WA MR AR R AT
o AR AR SHE SR LK 3. 38X 10°T 7~ 3. 40 (Clayion, 1972) ; /& Z8}-7K 0. 03X 10T — 2. 59 (ottings.
1974)s FHAB-K 238X 10°T72—3.89 (¥ Neil, 1969),

2. RS

ERSL BT, HTHAACROARLED TR, RERATHERLEHE
|EAKE-K (Clayton, 1972), BEEB K (Bottinga. 1974) FIEIZB K (O'Neil, 1969)
SRR, HHERTHEERURAR %00, SRETETE 84,

WP - R I B RE AR $Ox0H 8. 8%, 8D H—61%. 5 Ohmoto (1986)
1 Sheppard €1986) Bt E KK E L (3"0u0=+5. 5%~ +9. 5%, , 6D=— 80~ —40%) 5
BUIE, K —HERTE D R 54O FIHE (1 8-3) UL BRI AFM IR, TERKT KK
TRBE SR B K/ S H R R OMBEEES. 9%, DEBLES, ¥
6 M. PIRBIRE KK REB AL T B BB XN B
BRI H A REPHEIT. FERRET BT BT FARSFAE Y 370 (2K 3. 17%~9. 11%.
T4 6. 20%0s 0D BH — 5%~ — 64%,. TH—60%., ENEWET T Bk MBS K/ B
ek 4 810 A 5. 905~ 8. 0430, 8D 4 — 643~ —59%) . KR K17 YA R B IE 7
TR B B BB B 8RR BRES . 4 00 SD-25 BRI A0 310 [ IEE (8
8-4), ER IR §°0 3¢ 8D FIAE (I 8-3) HRBHE Sheppard (1986) MIFETBRAKE Z 5, &
— USROS S R AL R ARSI . PRI B G SRR B
R WRRH M, SDI2-1 7 SD-09 4 5 45 80 #A1 3D {H 43124 9. 17%.F1 — 62%,,
0-33% M —82%,. BIHBRAERK. BEHIRTHK, EFLE, KFHHEEKS IS
SOTMRRTRIE GLI. BT, RS RBERP ERSSSREIRG
Wi, RAMS SN ET AL 2 b MRS RS EWRHRE RS,
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2 40 l
< wEA |
£ I
2 |\ /S L 4
so}
-120 L L )
-20 -10 Q 10 20

8" Osuow (o)
$-3 KK M R 5D-3"0 BN

1 ARG ERRTRRY IR ER, 2 RV REREY TRARREEYNEL G, 3 RHET Y
APHEEHHER: + BERTVRARRTA TR, 5 -G R PG

W, SRR R

1. BEandbhER
ARLAEMAT 13 - HEEMLE € 8-5), Wiks" WA R . WET MR

F s AKamAERY AR MOGE KA

Fe RS Wiy i 285p} /2Mph TPy/MPY DeppRipy REEE
1 GF-26 Py 17.536 15.517 37.784
z GF31-1 Py 17.723 15.473 37. 889
3 KDi-3 Py 17. 648 15.452 7. 800 ®
4 KDs-15 Po 17.933 16.513 37.986 2
5 GF24-1 Po 17.572 15.485 37.84 E
& GF31-1 Po 18.330 15. 650 38.55 ®
7 GF26-3 Po 17.87 15. 600 38.23 $
8 KD1-8 Po 17.798 15. 500 37.919 Lg
3 KD4-9-1 Po 17. 665 15.481 37.851 B
10 KD1-2 Po 18.348 15.674 38.65
11 SD-36 Tet 18. 330 15. 281 37.703
12 SD-40 Tet 18.675 15.668 38.749 PR
13 SD-59 Ter 18.853 15.756 39,139 YR

. Py WKV . Po HEREV . Te YRHBRT,
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REFAAYHEREERTFT
BN, HEREZZ2EREEE
8, RIBIEE A F I BB
MAT-261 U9 {578 S R 10 3R . st
FEE . TP Pb 2 Ph 5 0. 1%,
RFTPb AT S0 B R LI P
T L 5 VAR U S VA SN
TR 85,

2. DR

SO AR A R
T RERETT A, W—%RL
BB AN R AR, 2y
FHPL/MPL 17,536~ 18. 348, -
1784257 Pb/™ Pb 15,452 ~
15. 674, F H) 15.436:* Pb/e* Pb
37.784~38.650; J5 — R AR
FOH MR T, R K Pb/Ph
18.33¢~18.853,FH18.619
*"Ph/*Ph 15. 281 ~15. 756, Ty
15. 568;*"Ph/™Pb 37.703~39. 139,
T 38. 530, BEIKE, E—RT G
§7"Pb/®M Ph, 2T Pl /2 Pp, 18 P}y /s Y,
WHEE TR — X0 F.

Wph 7 Wpy

3 iig
T 84 JOK igmh & BRULALAT B 404 " Pb r 5P BN LS B, # Doe (1974) By
APB/EY P/ P e BE LSBT, RAKGSE

R R HAE 2 Pb/**Pb=5. 307 ,*'Pb
/™ Pb=10. 204,24Pb /24Ph = 29. 476, HIRES To=4550Ma, FHHH A=1.55X10
7 A =9.85X107ET, 4=4. 95X 10 4R, REBURATR KSR ERBEARG S
WIEWRARIE, BRI Y, KoK AT PR TSR B 6 K S BT R
EFR (1961 ZHEH LR, EF PR, RN A U-Th-Pb RAR S AR,
¥E Doc #ll Zartman (1979, 1981) #HMH & B (H 8-0) T KARTRHET 5
BB SR WA, B e AR BHEA AL S
BIREHHE. T Pb/Pb X$7Ph/Pp [ gk, BB, A 124 KRR,
SRR — AR R B 2 (O, 90 AR b A B B S (3 e
FRFME MR,
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BT W RAE R RS R

—. ESH AL R

R —FREBTR, CAH THRARAERRRT TR R AR ER, %
ERMAKW F LR X — R BRI P TR X S 3 1Lt
BIRE R

BT MR RREY, REH TR RS- H IR, B85
CBRE3. BRUCHT, 1987, B8 fE DIFRIFMEE S KT HEMERY AR (Huang, 1979),
EEURRRE KM R PR

RER. BHRE (1995) BAEH, HTRREKMMTRL, QRTHULEZEN
FHBH N . RS T RGN A UG, BF T Rua AR -2y Bk, R
WARARRE RERN B WTHRBBHE. HTRARRNE, SERTHREE
T MHKBAERE RERY B, HF AR, BACR. EERBLNE,
BT AEFNEAEEA ERWERRER ., S EE SRR, RN SRS
W AR, BT RRPERAR AR L . &% LR AR S 0 RS K
HORRBRENEE, SRLEEERERERS 2 E RS, RSN, Bk
MFHERARRMERARBRTOHRE (890, A BERMERE ., MAAMILS. W
MEXHEER, RETHE MG S HLHEENE.

el Rl wwmm | wwEr | ezow
K,

Fihgsh
~— - Bili3as

2
E— 65 |—

K

X ER
. whiE S
F——1 400
78
1 700
Py
— 00 |
w, | 1400
——1 1950

APy
LI

& 52 )
BB
BTER
T AL s B
Aiie
R

-1 BTG MR TE R L A R TR S R R R
(RSB, HIEME, 1995)
REGTFHREROMRHERLF LTS, EEOXRE. BUBEES, 8%
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Ze i e AR B 0T R M R B T e AR R K RLE W R R BT 4 . AR
HMES, FRIIBRERETE, SRENKED. TEAREREYERER 28, B
BHE .

1. B SR

BTG TEN BRI ESRAE (o2 B, BT HE-—GH-TE-GH—
HERRTHESE. BAARTHBEUNERSH, LFELMNETRAAESE,. TRENRES

Ho2 HFMREEAEER @aKHE, 1980

FHR MAFRAG R TR R DGR B, WU RE-ERNEE- EHAA
KEBENE, BHURTIL-RB-GRASRSE, EO/RE D). AHAREXL
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Z A, WFEEEAA 62km Bl 50km, X —/h = AW ENFE LAZELHERE TR
SRPGGFEL B TR 5 e B E B A T R 1 R b 0 R B M R A S SR T 30 .
SHRER AR THRBGHAT REANBAZRERE AHERE 0 THFHLE,
BRHAEHRNZRER TR LR TE SRR ENFERERR TR, SEC®
(1996) HINHIRIFILXR S R H REZREWTSHE, LR, BRaETENG
SHIRTLR B - T LSRR IR B P 1R L — B U/ et A G B B AR R S R A
A HTEE-ELTRARE. REREEIRE TS LW, STREEy
BT EM.

Marugama (1904) 54!, MHRETBEZ B, ARHFHART 2R
CE 9-5) RIS, et RO A ST R, B TS iR e,
T HIRTE Ry A RAE NI A KRS BB . TS, WEBRBEER, X
Ve IBRERE (B 0 ) sEf Rl AR SIERNR, XA EE, R
RIEERE, REFASEIERS, T GBS WM B, SHARNR, g
HERE WS FHRRGRER LR EERE (8900 AR AR ERATE. &
SVR. EHSBEAEROAY, HREE TR, 600 E AR, JoKaRT
FRUIFAMRRRER . BEZHA R Au, Cu. Te FEBFH—~R (H0-0). EHT
HIRTIR, 910 (BIREWTL) MEWHT MR T 7ML, D% S ok
BMAFRRSL, AT EETURZRE @i, EEE. SBT. AKAS). X
BB EEF. HEHFE), WTURKES PWENET); BRRFER PRIER R BE
HEERELRET: REGRSHTKILERLREARKYE, ER5 0 EOEA Y
K HRE.

2 WERE-ARERS5EY

VRS S IR RS . AT B T S e 7, T FL T 405 Bt
MZIL-BIERE XN E R . G THRTTER AR, G i 4R HH-IESERLA
HAER S RN ML . £ WL, BRI S e S 8 K 1500km B9 26110
-FRIFE L RO LM R A R R L CRIRE . 359, 1995), BB ETER S
BOBBFAT . B ISR, bR T R a v 2 3 R0 4 T A B B AR i
BUREUR . SRAN R 8 1 50 067 o B A BT (% A SRTRDAS o (L P Y UK BB 1 36
BN ERAR R L. RN, SHEEEE. SRR 0~
6696, {LF5 R 100km LIk, 7EdbaRaydo 10 LA Z M o 0 BIRREY RO L L AT B
F, EHEEK 7mm/5E,

FERR-ERBER NN EEHRRESTLTEIRY, EEHBX, EBUT
BIBEIUE . KK A MBS R MR RS, THEERE, i E A I+ 5 E .

BT HRTEGE TSRS RR YR L2 e T RO . AR e 2
ENERRE SRS, EHBERR , BN, BE WA/ R R BR
LEHEFHENID, GnREE EE. TERY.

O RHHSEL (1996 A AR
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1 — uunqunm
\

2900km -

9-3 MWELSWRER

(8 Marugama, 1994

= B Y FRE

EE-ROEREK. WRE—FHRBBRGYOLE. EIORWHTRERERZN, Wi
ARERHEARFETHETRY, QREGEVER, SHEERTTREXLETXY
WS RERET K, U RARTAT RN A LS AR EHIRBILDT R, FHX
Loy PRI R M — A AR, RT R R, W L. MR THES L
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BEBHER.

r KoK ME R SRR LR TR,
EEEEBTE. BE. 8. LU RRARY
BT G BT A S S B R R
TRAE (Te-BlAuvAg) ME. BMLSHE
. HEE R & WY P KR (gold telluride
' deposit) . {BHTE I KK I WD BTG X
A AR LR, KO T IR IR
BB S — S AR 10 2 B A
o HUMBEHNER S, T LA
Y BRIE ORI 2, B RRE

ki AR, R RO R SRR X &, (0
L REAL K R A S 0 P R R R B 2

B 10 2BRSMIE R EWHT K G
MR 1995 B HTALRE R & W E 2 Ry —
LR -1 AR .

ERKGEED K, BRI EEE T
oL R AR IR I LR
SO 0 R R4 L RO BR L AR E . RE T
P KETYUBRKREE (BESEE. TR

B BREKVTRED) HE, AEREZE. 5
35km niE MKE. BKAE, A%, 855%. €
— HeBed" R B 0 MR # R B 5 B £ 5 )

Hoi pRummsasarsrLapy EEAHREE. GE BKE. REE. &

L awET K 2 yapEarwelex OO0 WEGEANASE X WKT.H

BE . HRGASKHMERTY, AT IKam

5%, K/Na tAEFEHE 4. 74, 3.12, 0. 16 5

0.06 UFH), Mg/Fe AL 0. 94, 0.74, 0. 65 F 0.48 UFE). b L X sbss S 5 ph b &

BR G AT HA RSN B RS RIER . WS SERES CO, 1 CL UMK, BRAS
HERRT-ZRER, RMESHESHORALE.

KA R P RETHRA RN BT IS . XRRRIE A E-SREL
BT HRE A EREDNXR, BES (1993 SEEE, RATEROEET 00
F R, AR 5ERERE XA AP R KB TR, 5% %0 Co/Ni 1
BB H AT R A T (Davision, 1962; Dike et al. . 1979), REHES (1986) BEE
HEEADT REEED B Co/Ni WHATF 1. BREMRERRT D EET Co/Ni EY
Lo1~23. 5. SEEHRIIED R RET 8 Co/Ni WK 1. 2~32, KK HE B
BT R Co/Ni N 56~651. 7, BEMT R FikX B IRS.

B H ke 8°0 BARTEEN+2. 1%~ +7. 1%, BT Ohmoto (1986) 1 Sheppard
€1986) FIRMBARAE (+5. 5%~ +9. 5%0, 5 80 /A, RE Fitkey oD maH
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i@

HE




— 615~ 543, 1 HF5 SE K P FARE 8D M5 (—80%~—40%) HHE, — A6
Eﬁfﬁﬁ#]ﬁﬂiﬁﬁﬂ”ﬁﬁﬁiﬂ*mw%ﬁﬁﬁﬁﬁﬂﬂ RISV BRTREKEETRETE

k*«@ﬁw‘ﬁkbﬁ%%a’z SSEHAT — 2. 2~ +2. 8% T4 0. 5%, iXJLFE Obmoto
(1986) # Taylor (1986) |EMERKFMHHHBHER,

WL E R 8°C-810 M (F 8-2) #E8°C AL BN MBLA K FA SV CH—
6%~ —9%, (Faure. 1986) H¥I G, "0 L HRFIHFMBE L, R, FRARZE
AR EN §C A $°0 HNIBRRE F o KRy wh.

BB IR BIOIORRT R S BR B AR SR e E L A
. BEENEETHRECHBRREETFE. BAR 1, B—7E, FHEHERMESEFR
TR MM AL 08 B R A B B BT e L

RER T, KKERT R SR L S ST RE ST R ERER ST I B, FLYy
RUNEMTDHETERRERTYHEBRTEZ BRI REZIE. R A5E T Te. Bi,
Au, Ag HTESS, THEHKE CO. Cl S.. Na. K, Si. HO%, BUCHERY S ME"
FFRY . DR TTH R 08 LR LA R Y LR u&ﬂ%‘%‘%mmﬁﬁm&ﬁﬁ%
AR UEEANMBRAS AHE. HENE. KBEHEREAIYNS TLuem
F (W0 Schrauder ot al. . 1993; BE378E, 1995) SE05 . SRIE & CO., BET. WM.
BOSRATYHEA—EROD. KAl (1995) BAEHES, BEEEEE K. Na 2k
HAETY—SER. B8, BNG. sREASHELY. AR (1995) X —£5
BRAKBRE. PRERSET AEGNEREMTRT. RPE5ERY CO,. HO.
CoHo CH S, SO0 GHLy CoHy % BT (TALFA) 1004 £, X THEEE
FEELL 15em W REERE, RMESAOMRENR , MHE KB CO, #1CH,, #4
FHEIERRY, HBREEPUY AT EERSEBNE, £RE (1993 &
IR FUERM, BC. H, Bl N, S, Se, Teu Asy He, Shy P Ge, f#5%
FRRFZHCHEITRRE, CNEERANE. DAL HERE R, EHBRTRE—,
BT~ RREERAS (CO,. H,, HO, CO. S,. Cl, F, CH, %) M ERER
SAEL. UETAARL. AR T LSt el S s M BARERTRMMRS
B A (Litvinovekii, 1983), B FAEHUM P-T &4 F . K. Na. SiO, A] ¥ H,O WM B v A,
HXBEREMHIFRE Rk, 1995),

BERNTRERATRES, KA KA EERT L HRBER, X
TRAHTREAT LTGS2 gk S Ak B0,

HERRRE, JOKRRHTHRE S LR MRY 2. Fhy —ERYamR
o B0 WRE 1990 FRASHEH LT BT, LW IEH K 8D % — 83% ~ —108% .
I —98%,, EXKEHTERT HEN D BRYERE.

BT R KK R RS BRGS0 R ST, R
BRI,

SR b

1 SRARNT IR, LERBEGE 260C~60C B H, ARBHEFRELERT
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FoKEEERLNE (1) HEERTBE
HEE 280C~160C, X EREFEREN
Gies §* [RFIE 47 T & 8 & Kunashir 7K A8
—B, KAETHERT R RBRET R (A -

A IBEE 5).
2. KRG IR KRG T HITTH ST
KEREEEKE Gies PR T W iAs A
2 REMREEEEI. 0wt (NaCD) % ~ 1.
swr (NaCD %, {E KK REk KAy L
o 1 . \ FH— A & 3R & [28.0wr (NaCD %~

33.5wt (NaCD% ] fl — A AR M B & 18
(4. 6wt (NaCl) % -~0. 6wt (NaCl]% B Fi k3%
F EEERTHETLERER, FERTE
WRARROIRE.

3. KK RA R G R ITH &0 KA
WIS, B 79~50~33MPa, H§ RE
B F3B R BT 8 ORI R RIS e
—UE NS R B L ORI A Y
PIERESERH 5~15MPa, #RT FiikE
B, hAORBEMYL 26. 3MPa/km s B
W, KA W RO RT EEMT 0627~
3. Okm, B EKKEFHTHKEPRERD.

4= KAREWHT KRB W IR — RN

c 0.99~0. 7ig/em’, {BEBWET KSIER
% BATHE, S RiFLE—aEmEgy (.02
~0.95g/em®) I —HEFE K (0. 76~

\@&!&__‘— 0.58g/cm), TEILE,

100 200 /cmo %00 5. BT RM BAKE B hEe
TH(E) (NaCl-H,O B, TRk wo™ s BB bk

M 9-5 AKWHT S E IR HRE AR, Eﬁw%ﬁwm&“) #
D, NaClL-KC-H,O 1 CO,-NaCl-H,0 & NaCl-

A= KAWRTIR: B-AEEK X i wikmbme s, HO I ARBTG5 0 P A BB

C RET S & Kuoashir &5, HLRI K LG, RB ik CO,-NaCl-H,0 H it T |k

i, BT FEREA.

6. W EBERA BB Na” /K™, CI*/F~ J Cat* /Mgt | Na*/ (Ca® +Mg®*). (Cl- +
F7) /50, R CO/H:O f (R 9-1) BEFHHAMAWITLL, T0AKME Na* /K F1 CL*/
FENTTHT—BRET R, WERP Rk R ELRE Te, Bi M Cu. Au RBRE R
f iy Na* —Ca®™ + Mg® 14k CI- SO~ i {k 5 CO, > H, O fb s H, + N, —~CH, + C, H,
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Fik. FHGWREEE, MR EEEX.

7. W& BULIER, TSR ERE (oH) MELER AL Eh @) KN E S
e, XKL RS &MY R CRIESH) § oH %%, AKERHTH pH %
6.53~6.07, B3R, WAILT FEPREES LT K. @ Eh BT LERE. REHEE
KoK AT B, H A FRBE 6 3 I SR AR AL TR R R

RAKET R ENBRE feo) ROT: BERLE 1EM /R E M S EH RS,
(o) WEEREGBMEELEY, BRYE, ZESY Hy) &7, BPAKEFROR
TR TR PR AL R R R o A R Sx e, ST MR IR (L 34 SRR
LR kR N

8 KAKHWTEEBRT BEMOBRE (f5) MBIRE o) TEE Afifi 450
S X Sre. ABRE (9 9-6) SPHTAIFERE . PR ERHT IR, XA 200 Cofl T

—
Tels)
—104 L
1 Y sz
J ety C L
] e 4 t/hs Au |
L 7

p 2 f@,&“% . L
] SR W%
V‘(‘c’h 3 Q\;é‘%\ Y'% =
—154 vd
IRETHE

Log#Te,

mt

L
1] p
5
Nis
NisSq
NisS,
iS;

LI B s S e e ¢

|
b
t
s
|
@

Logfs:

Y8 9-6 AKMIHITIRLE 200°C T 2R 16 T B 1 56 19 B P
R ALfi %, 1688)
REETREV-REBTATHRE: 20= 80 MWL AT HER

WEBHITONE, ERT-BEKT W, RSP R T R— AR EE S I Ry
X HEREERET R . 28 9-6 “PAT Bl AT 5 T A Y £, 1077, B3
BrEAUE B, LR E AR WA BT fre BERET 578
TV EEMRZ TM, fTe 551074~ 107, EEHST RIHE, &R e,
WET AR . ERNERKT . LR R EHi, M B S5 F fre,
BRAE—MHE/MIBTETEF (8 9-6), fs, % 10— 101158 FTer Fp 107 W2— 197105 g4
BYEHE, MR RBIGHE, . BRENAE.
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9. RTKRKEEH R RTVIREE, LR 91 RHSFA T KR
KEEAFREE BBME SR, STRESERERE ER, FRABRTIREN
Wi, MBZTHRE, HEAERTERIFE~FRER. EOaRE®EY (79~
T5MPa) 5 FE T AR R A T 5 [ A2 AL WL 1R P 30 6 . B BET B9 MRS R 5~15MPa.,
W REGRERY, CRVERLTENIEE, FET —HSETLE 33. 50wt
(NaCD % ~28. 0wt {NaCl) % it 5 — A LLHE 4. 6wt (NaCl) % ~ 0. 6wt (NaCl) % i R 3L 7E,
E—HEFEE 1 02~0. 95g /om® 3B — B LTI 0. 58~0. 76g/cm® BIREARFETE . B St
R B B AR IESR (E. Roedder 1974), B TR, S31RE Te. Bi (A%
SYERMTEINE, WYY, BHAT . My O REE, EE. NEEan
HRICALULE . SR R MO S 09 B BT R, M ROKE R R R T .

P R HLERR LA

R HEREM TR, MR RARLCRT . B T e R

%,
EAREZNFRRREN, TRERRREBEFITRTI —, X HTRGHE

FH-HE-ERE EMAETART SETANZSRITUHE. 5T RRFEEH S
BRATERFCR . REHRE L X RE R S W RS E S 2
~5 1%, SHIRBE R RO RRPLDT R . £, FEEHT R E a5 K B0
. BETES, IR HD & R R, A b U S R B LY R 2

TR TSR T REREN T — T BRI 05 (8 9-7a), WUHLLZ
RAXEME. AR, —TEEHHESSREFRRRL. DXH~R0EY. axbik
LIRS BT R BI04 3R T GRS R . T A AU S AR M T
FRABMGHENRE, RZERFEREASEATRE, SR, HENEEEN
FEH (I8 9-7h), fERXPU MM MR, oy T8 A BRI AR B, T 8RR
VR S BAER AR, FET S 2R S BRI SRR TR (Na. K). SIO,. 1
K5 8in HS, Clow CH 11O, CO, FHBFHAEEE Te. Se. REE REIBTTE Au,
Ag FH BN IR RBIEL R, RZEREN L AR RS,

ERBPALLIE, BTRREE—EREREIRE. AURENERU RSN
HEEEBT TR B AR SR T EE B4 T RAFMIEE, Te. Biy Au. Ag. Se BT TE
TEEE COp Chy HO. HS B Na. K S48 50457 0 sk B4 MM M AE 4 X ok 227 (B 00 e
BRAREATERZ G, B RB RS EHEE HBOTIERT MEvER, ARt
BHEXRAEERYRT WA NEL @ 970,

AU R AL BRI T, HHET 80~ 90Ma, ERRAN=THBR
o B—BBEM S, Cufl Fe g ik, BMBBM Te, Bi. Se. Ag 51k, E=BBN Au
MCuF k. AE—ME. BRI HET L, R B S B, S FH,
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BrE W2 SR RIS R R I

TERAKBHT RWH NG . FTEEFRIES IR > RERMRAZETE
(U570, BEHBARE PG TAETTR. Bl R RRE. 90 O REME
R R W, T AREKHHT LTS T#E, MELHEH— 7
- i bR

—. DHESRT K G5 REsir

HREEKCHH - ELm RS, SRTE. BELEEBEER . E8E
Tl BAFH, K4 50km, R 10~20km. EAFT M 20 A4, EEFHR G HKS
TERFHTNWT

1. B EFR MR HRET

EHT REETRYIEN N AN, FRESAKILE (Dh) HEURIE AR E &,
L HESE A NNW, 15 SW, 8 75° 85", &0 Bk EEPE NE MR TR R RS, |
MARRFRA BUH IR 120°~150°, {54 407~ 60" R B] 20°~65°. {54y 20°~45°, i LR
R FURUBH SRR NW ), 5 £ 01K TA7 87 DI R A AL 2R

#F CD, W il — Fet& 4m, EAF (0. 00m) T (0. 3m) (8 FIEM A BE T B, K5"
BRI CU 13- 17%, Au 24.86g/t, Ag 495.0g/t, 15 CD; FAIFH 1€ 60m, % dm. &#Y
2.5m RER . FVRERTREY, LHWAREE ARMkIEEE.

2. BRMEEMYIHLY S

HROERY NS ™ T PN AR RS P K REERZ R Do) B
TRRFE. BB . BRI 48 ~40°, B 67°~75°, I EBEI K. HEhy
BEBEKET, DRKSDERESH . BEIKL 0.220. 8m, EHEKE LHTRE
BBy BT H MRS EL 2m, K 2om, M A BT H30%, k29 F B0

Au 2.47g/t, Ag 94.79g/t, Te 4.78g/t, Cu 0.016%, Bi 0. 006%(, {HF T4, k4L
BEFK.

3 "EFEXMINE ST

FERREN RSP EFRA SN AR DD SRR ERAmE R, W
FRFAR 3057327 KPR 310° £ 32, BB K 0. 5~ 2- 5m., BUYE A A BT B
WA, RETHEREKE 120m, REREY 20m, T H B Au 4. 8~19. 12g/1
Ag 40-0~188. 85g/t, Cu 2. 5~5.27% ., MW~ 2B AR . & 689 /7, 48 6.5, 4
2229 W, RFDMRZ&RY K.

HB R, €7 S FH 700 AKM KB BARRA S S ROV LER, £RE 10
EEHIHE, BW—R TV HEE, TEASERVERREE, BEEER, 9 50~

305% 1A 70°~85°, HBRAL 300m. THEE Tm (H101), BES Cuo. 9%, L= ]
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B 10-1 KERE DnLL & RIK S
1- R 2- KB 3 -BRT A FHEEE

0. 67% E Do LD, ETARMBIERFE 4 #, SR04 66g/t. THRM 2.37¢/1; TRER
FafiL 105. 95/t TG AL 74. 19g/1s & LT 2. 6296, FH) 1. 4% WAR LA TR,
Te G fii#E 0.15~8. 4g/t (F 10-1),

F 101 KERVHEIMTER

R®E RBEUR HREHF Cu (%) B (%) Te (g/t) | Au (g/1) | Ag (g/)
Dz KERLE AREY KA 0. 004 0002 0.23 <003 <1-50
Du-H: KEBLE EL Ry 2 0.003 0.002 8.4 <0.03 <150
Diz-Ha B R A 0. 031 0.002 0.80 0.072 160
Do Hi | KEBAK LG, SRS HAXES  0.056 0.002 0.34 0.049 2.25
De-He | KEBAMKLC, | SEEFAES 0.62 0.012 0.15 0.56 11. 88
DuHy | KEBAKLC | GEREARY 0.48 6,007 0.22 038 23,65
DaHy KEABLC, | SEREAVAER 0.74 0.005 0.23 ¢. 36 2110
Dz Hs K& B LCw SEMYKER 0.59 0.006 0.15 0.59 15.8
Dz-Hs K& LCo SEATKAE 0.66 0.006 0.23 0.50 17. 44
Di-Hy KEH LCw ARET AR 0.90 0.006 0.15 2.12 68. 30
D:Hy | KEBRAWT | SEWEVAES 1.29 0.004 z2 4.66 105.75
DeiHy KEHLC ERMS L 0.96 0.003 .60 1. 68 43.30
Da-Hig KEBLC HBRET RS 2.62 0.003 0.38 \ 4.23 | 79.20

4 RBEFEXNIHRRT
EVETETRBAUIVFRET, TR EHRAXNIKEH Db SWK
AERAREBEY. SEEWRAL—RYTRAEE, §ERHFTEFF 15m, FEYERE
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SRR E, RS & Au S 20. 25g/t, THRAL 10. 972/t RETETER Ag. B
TR E ST MWK, 504 300g/t, T KRB HFAER LG, £
ZeRE o, ZERERMLEHEEY 1 L. BIELSPK.

LRI £

FRARKARERWT RETRAATREH LIRS, BEEXREBMMNY, FEIILEK
FIALI TP B R BIS B TR R B SRR R MR B R B Rk R AR
FARERRK. Mikk. Bk, SRS PHASTENERET . BESKT. &
AE. ARFURBERAL. AERL. BREL. BESE. ECS0TRE DR E
B BT T SNEREET K 20 5, BB RIERAT S 2 &b RERREE N B S B
6 K. R 2 bHRMAHEETRREH: Au. Ag, Pby Zn @ FK=4b; SLE 1 &0 Bk
RAEMBT Tk M 4L,

1. DREWBHY S

FTERATEHRMOARKE S B, ERASRG KK 1 3m, B 0. 3m BELY
AR, B SRR A L SRR B HE S B SRR 4B BRI 30°.2 200, K FERE POIR 3150
L18°. TEMTHRS EBNERUY . ARREZE, HHERTN SN 5% AR,
EMERBHFFMNE AL, BARIRT. BRESHELREFNRLAL. BETR
AT IE G AT RO E ST R 2~ 5mm, RS DR R LER ST
WERH S0 TP AE AT BT R MK, TS24 5 . BT B0 P HT 2 L Te 0. 106
~0.198%, ¥ 0.152%. Bi 0.178%, Au 0.25¢/t, Ag 1.5g/t,

2. BFARSEMO LS

BT HREQMT A ETROKIG UL 3km 4b, EF B A /5 Fe s B RK
BT ARG T RR AR, S ZERMEERA S5 (B10-D), B—58%H
AOMMELHERT I, BB KK 20m, B 1. om, FREFEK 280°760°, AR R Ik
ERARE. FHRESNETRE, HERK205°/15°, BFREESNNELZ, BASE
BERELH R KT E BB R, KRR RN, AEEEWUSE. FET
MERNBMESRT 5 2000, FLHEHT 5 1%). BHEATS, KEr9EEyen
A (B09%) A B%~10%) . BX (20%), LA H B R HHEER. Au 0. 02
~0. 06g/t, Ag 0.5~1. 5g/ty Te 50~100X107°,

HAPRT WG E— RTITHS, S B EREET 2R N, B om, Ko
SAVESR, RESSESREE 0% EL . RATHOOREES 2 £4HR .,

EWFRR—RERTA RN, 1€ 500m, % 1m, EH 200m, PRy 10°./68°,
HPZURBRRT . T AT HUNED . FEPRRESTSE, ROREHEE. B,
WETHHGRE . A5t HZARAR, AHHEHRRE(, HRMF: Zn 7. 1%~
22-6%4, PH512.15% 5 Pb 3.06% ~21. 54, T34 8. 13%; Cu 0. 1% ~2. 2394, T4 1. 01% ;
Ag 72~1865g/1, T4 844. 2g/t; Au 0. 16~2. 61g/t, 45 1. 38g/t; Te 0. 9~18. 5g/t, T
8 6g/ts Bi 3.7~16. 8g/v, T 10. 25¢/1. 153 Ag HRL 300 1. HF SAMEIEE AH
. T % Po-Zn R RARA A . BARIGHRD IR,
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B 102 WTHRESZRT NHBREE
I—ERBE 2 KBS S-BBREHN «BRRY G S . BREV K o HXRR
o T-RAER, - MERE, S EFR

3. BROKATOBRBRAFRRST T LR

BPLEMFRKBER, E= 0T RTW, 2FE (8 10-3). HkE=®Ry
140°,63°. FERFEANFRRATE A ERANAFEVERRBE S, BEERBEK
GERFIE, VIR RAERFRBEA . ERWT, TREBREAR om, LN
PR ST, EE O Tm, THAZARREEREREY 0. 20, FHFYWLUMESED
HE, HPEEEF; REPHERNAZH. 4570, B%. HZHS. LEITER
Au 0. 02~0.1g/t, Ag 0.5~5.5g/t, Te 0. 7~2.2g/t, Bi 3. 1~38. 0g/t.

4 BREHAST OZOBRMBERTLA

BRMTRKRUR thm 46, BB RS, BREKT KBS, SOSARELENR
HEEMH. AZAHRBERKERSL, JEEMHH 0. 5m # 0. 45m, HHK 255" L41°H0
280°250°, RAHSKAWHTETESSTEEFEA, FYRSFEEE, X, &5
%, KBRS Te REDEIN 1 1g/t, T4 0.85¢/t; Bi REFH Y 14.92/1, THE G
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[Mio03 KkiEd

i g A B U 0
T -REE: - BERE: & 0BT LB

9.7g/1; Au gL 0.02~0. 07g/t, FFH 0. 16g/t.

5 RIMTF D A BEBRHT LS

RFOMEM AR THE A L LB 2. 5m T REET LA WESEE 0. 3m.
BRERERGK 0- 17m, FBKRG 10002557, BHRBRBEREKT  RRTRAZGHEMN. ¥R
B, HEAHELEERS . TR ERESEER . Gl EsEE--. 0
ERMEZHFRELT L. TUEFENERETOTE, FARTYEEyHEEs, &
BHRAT. RRY. BT, KATWEENAE, BIAS,

6. EFTER

B EN — RREREU A KT I, T EE YRR ER S KRB AR, R
FRETHRS: GZEERE 60%—~00%. MEKD 0% ~40%, BELVEREY. &
WY BRI A 4 RBRKD IR, EWACER Q100°L£60°, 105°L75°), FkH
R, BAMTRAEAESEBEBIRR, HATRERERORRT k.

- RBKT LW, MFEERREAZLSERES. SHERBIFREY 23.8¢/t, Te
ZRY0.9~1.0g/t, MEBTEMEM.

7. FAT kS

FEXAMARR L 400m &b, F 4 FERETRHERBE T M, HPRos — &b
BB 30m, FIEEY 0. 8m, BB BD K ACHOL, W~ MR Bk, B
R 2m, KAm BRI R P BB AR I0 LB N EARER N
Au 0.02g/t, Ag1.5g/t, Te 0.1g/t, Bi 163g/1. Hepbh& BN,
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=, BT R IRR

BEGASMT . AR RESE. RPHEASTAAGREEGEM L, SENTRR
LRRTTE.

1) BHE: ERKEIE, FHRSHAEBIKN, LERKRE WE-XRELER
HRAAREES REFHMIERESARE. TRRSINE. ENWEREEVERT
R (Al HEEX. TRIRERTENHRFRE.

@) M. BERBIEIRR, BETFIHRBLHH R SRR KRN Z .,

(3 T HEE O SRSERET KEA 0 RELE, SFET KR
ST EER AR, ERB RN W,

@) 3. FHREBHEAE (D B8 |7, AN KEGNESHL ‘1" R
AV HRAKT -G ZHROFEL —. EERKE LR e Py,

G FY. MBEEEEET, ST M fs, MBEEH LY SHWLET Y UEMHE
) ABHLERS.

B BB ARES, EEMBRTTWERRONET . FHRET W LSEERTHERT
A, B Te kb ORETHRTSE N, f~d~ il HERRFY @V, Eih
BN 140T) E—10mV A4 HFE @EBIT-AZAKET T HIRASH, feh
Bnd ~F~ARE I, BERR, MR, RESTRKNSLE: RRGELY
(RGP0 PRETLRETSE, EHEAaREHE 16V, Rl AR
—f (R10-2), RAFTKT N RRABTRD MM A b TR Loy LT,

SR SRR — R AR B RERE S IOK BT BREBE &
AT REM. SEANBART L, TRESFLNEHEER.

M. R BRI B E

FE-BTHIHNHNEREREHR K KR ESE. FETREARESN

Au, Ag, Cu ZGBTERNER. Hit, MNKEE. KET. £/6TF-&HM. A
HiE-SIER CYHERHN. £ A, BEE-STK. BFH-AREE. BE-RHT
HELMRTER,

1. KEHE. & KFER

BT TR 200 KA, BH EM R, T EE TR TI B K
FREKHKABOHERADET, WRTIERDBRAFRT . 5B 27 419 V1
PEUT T S B T PR 20°£70°.50° £85°.305° £ 70°,305° £ 61°., 295° £ 557, R BEAE 1 300m,
e om. TATHEENRET . BET S, SUEM: Au BB RAH 4. 66g/t, Ty
Sl 2. 37g/t: Ag Sh{3k 105. 95g/t, P49 B fr 74. 1g/t; Cu G235 2. 62g/t, T 1. 14%,
BEFOARE . & 21 A, #0696 0, 4 1.26 TRl H— B THEATHERBEAE

— 113 —



ik,

F102 BRAKG Te (B Av§FHARRKT ALEAL— KX

| mees ‘ A 4{;’" fx}a%fz;}&w #ﬁ(u\znjz:\ﬁw fEnd ROEE g}
1LD.-5 KR 1 5 WT toaszn —189.6 [§) —o. 48| 67714 |dr-#| 140
[T T 20 | 1948 | o | —9.23|  ea.5 e 140
1,1)‘77 kr’)(’i;/izarlrl ‘4—: Hi f- 0/20 —224.2 8] —1L.21" —s0.071 #o1m
D08 kAHR 14 LINg 0/20 223.4 O 11T merge | ] 140
77171; L I SE PR 2R r—7 a/20 192.9 a 0.645) — 9. 892 n&” # 1;«n
LD 2 RKLR 2% ’ H, f 0/20 T —195.9 8] —9.75 69. 643 |- | 140
Ly |AAiR 25 (53 0720 —205“}1‘ ' 5] . ;10,3 —73.571 [ 1 140
Lt (KKER 2y BR3P Zﬂ/zor 2} 0.2 0 4201 14357
L1 kKR 38 w7 0/20 —190.3 0 |-vas| o
LDy 2 [KKER 38| W 0/20 —381.] o -18.059 —128.964 | & [ 140
LD 6 |KABEE ¢85 ¥ 020 ~318.0 o —15.9| —113.5714 | #& | 140 7
LDe10 IRAHR 45 +§Ej§%m 12720 —126.9 | 43809 |+12.75; —9L.071 | % | 140
LD [RKER 45 (’_ﬁ[ﬁ’?\” 9720 —181.9 +133.0 ‘;*1.44@' —1h 321 | B} 140
LD Hyy X?fﬁﬁk& T 9720 526, 3 0 |-28.118 —200.821 | & § 140
ST-MSw R R (fl?};‘\l) 1420 —24.32 7?‘3“__ 24.32) —173.714 | # | 140

2 KEFHE. 2. GVER

WATRER G TRERKBENEMTEL, CRISHHETIFMEHBL, LREE
ERTHRFEHEE., TETLEEAERD SIS0 LPRE 12.55~21. 72/t
Te WETILER . FAEFEKA 300m, ¥ 200m, BFRA. &. SO AHHM,

3HIHHE. &. RELRTER

EERFTEERANEEANES 3, WACHASEH I, 4% . ANBSE.
P R ERRERATYT . SEELR, AHE. &7 SRELT LN, 2
B R L& 10-3.

BEX AR NIH SHEURTRS S, LERBTEAALE, & 3km, & 1km B L,
K& LR, FLUBRRT KGNS FRRRATEE, EFTENTIE08
e, TRUVHETRPEFAMNET RS, BNERERETERAR U NERLET
[
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T 103 TAHMT LEDHFSHER

prait s
hES w cu (5 Au (g/t> Ag (/0
D11, a TRBET i 13.17 l T eaes 1850
D7-H, TR J 11.69 H 22.69 424.5
D74, BEP 0.3 ! 0.49 13.60
RE=LEINe J 8.4 J‘ 1661 31101

4 BVET 2RW/E. 2. BUEER

TE LRI VIR AL AT O 8 R F . REESHAT, Te @{2N 28, 7Tg/t, Au 2.6g/t, Ag
21 73/t EREH LW R GG G F L0475 4 R BT L 3E W, & b KT
HRAIFNR,

5. BT-BREERS SRITEX

EARERLRBET R &, PHREREESRATRIKO TR A RS, BE
EERMSKRES.

B—R0RSESRFEE. S0E S EEFR, S0 HMSHB KLY 450m, FHE
W Im . BT EEMEERLG LA, —REES 0. 10~0. 4m, HEHGEY
TEETILERY, REWAESE, HOFEREE 104,

104 BTATLEGUEIER

HHHER K
EERS B
Aulg/t) | Ag /D | Telg/d [Bi @/t) Zn Ph Cu
D3z-H, f i3 aid 320 0.16 72.0 [ 3.7 I
He BAGETET 2.61 1885. 0 16.5 16.8
His BLABEESGT 685. 0 15.08 | 3.62 | 0.95
His B 89.0 10.21 | 433 { 0.7
R Lo 1.38 680.2 8.6 10.25 | 12,65 | 3.98 | 0.85

BHTRER: Av62 Okg. Ag 150, Zn 0.57 JiRk, Pb 0. 36 TN,

BATH ERRBEEY, ORRT T ARE R B . BRI 150m, &
0.7~1. 6m, FEHEEAFTER (LHNE 15~35em, HEHRT T, HFRAHTHE
BREH, MEERRTE 105,

BHERER. Agl62rg, Pb0.13 77k, Zn 0. 48 i,

PRV BRI : Aul. 00, Ag 312 M, Zn 0.81 FH, Pb 0.4 TR,

EET AAWETBEFHATFRERLEAD, ELUR (D8) BHXEES, &
Y 34.95¢/t, Pb1.04%. Zn 1.31~2.81%, FiLAREZisE— S M.
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105 BAREBLFTHH/VER

SHETER
rany o [ mup oo | Awo
Hy, T e i T w10 9.1
Hyg 21. 54 ‘ 22. 60 2.23 1510, ¢
T4 .49 ] 12.15 800.5

6. JEIF-RBFAEX

RE\EME . ZEATENETIREN ST RO, REMRATA., <&
BT, R BETR, 2ETETANS. REZERFESTIRE. 0108
Wh &S, SIOKUWSTEERMERE.

RIATHE GRS ED G5 SEROTALG 10em WEEHRT . B ER>Y. £7F
REER BT 697 LT — 5 10em §9 A EIKS 6 R IIE RS,

BRE %5 T, BTERBIAKRAHED .

7. RAE-BEERETER

RRXOTRKYHET RS TREWET A2 0. WRHNEREWE SRS, &
AR RN, ERP RSP SNTRERMA L, FORTASOKIEH SRR
REHT .
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Abstract

The Dashuigou tellurium deposit, located on the western margin of the Yangtze platform, is
unique. The depositis hosted by Triassic metabasalt 50 to 80 meters thick. The arebudies ocour
as a group of NNE-striking parallel veins. Mineralization developed in three stages: Stage I—
pyrrhatitepyrite, Stage (I—tetradymite, and Srage lil—chalcopyrite-pyrite. Stage 1T 15 the
principal tellurium mineraiization stage and the tellurium-bearing wmerals are mainly
telradymute, tsumoute, tellurbismuth, joseite, calaverite, stuelzite, and native tellurium. The
general ore grade of the tellurrum in Stage 11 ranges from 0.2 to 5 wt%, and it reaches 15 to 25
wt% for the massive ores. The domwmant gangue mincrals are calon e and dolomite, with minor
biotite, muscovite, albite, quartz, ane chlorite.

Fluid-inclusion studies of calcite, dolamite, and quartz fram Stages I, 11, and Il yield
homogenization temperatures of 356° 10 260° €. (mean = 320° €1, 295° o 198° ¢ (mean =
240°),and 235° 10 152° C (mean = 170° ), respectively. Salinities of primary flyid inclusions
in all three stages are 1.5 to 5.8 wt% NaCi equivalent, 9 to 15.2 wi% NaCl equivalent, and 2.8 to
3.0 wi% NaCl equivalent, respectively.

Isotopic studies show that 8 values of sulfides range from -2.2 to +2.8 per mit. 8UC values of
calcites and dolomites in the ore veins range from -5.3 to ~7.42 per mil, and §'%0 values range
from +10.910 +13.1 per mil, which are quite different from the 815C values of +1.0 to +2.8pet mil
and 80 values of +16.8 1o +28.5 per mil for the caleites from the Triassic catbonates in the
deposit. The 8D and 810 values of muscovite and quartz were measured to be -61 10 -54 per mil
and #9.9 16 +13.0 per mil, respectively. Valnes of %0, computed from fuid-inclusion
trapping temperatures arc +3.0 and +7 per mil

A date of 93 Ma was oblamned through measurement of muscovite from the No, 12 ore vein.
Sultur-, oxygen- carbon-,and hydrogen-isotope data indicate that the ore-forming substan ces of
the Dashuigou tellusium deposit were derived From deep-seated sources, and the mineralizations
probably are associated with Tate Mososic alkaline or alkaline granitic magmatism. The
estimated sulfur fugacities () are 10~ 7 for Stage [ and 10-% to 101'5 for Stage I1, whereas the
tellurium fugacities (fr, ) are 1045 10 10-% and 10°112 to 10 195, respectively.

Introduction

ThE DASHLIGOU telturium deposit is located in
Shimian County in western Sichuan Province,
at29¢ 10’17 N. Lat. and 102° 11'06” E, Long.
It is a mountainous area, ranging in elevation
from 1200 to 4000 meters. The deposit is 30
km west of the Shimian county town, and is
accessible by road, which makes transport con-
venient. Before the deposit was confirmed,
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iocal peasants had mined sulfur there for more
than a decade. At that time, tellurium-rich ore
was discarded as waste. At the end of 1991,
analysis by Ye Zhengming indicated that the
tellurium and bismuth contents of the waste
material were quite high. Dashigou then was
determined to be a tellurium-dominated deposit
as a result of further study by Yang Baichuan
{Chen Yuchuan et al., 1993), and reserves of

1w beiet Has been publistied in Iuemational Geology Review, 1995, Vol. 37, No. 6, pp. $26 ~ 546,



tellurium metal in a small part of the deposit
now have been assessed at 1000 tons.

Tellurium is a dispersed element, with a
clarke of 0.0006 ppm, 0.001 ppm., 0.52 ppm, and
0.16 ppm for crust, upper mantle, lower mantle,
core, and earth, respectively (Li Tong, 1976).
Tellurium usually is dispersed and rarely forms
its own independent deposits. After the
Dashuigou tellurium deposit was reposted (Cao
Zhirain and Lua Yaonan, 1993; Chen Yuchuan
et al., 1993), many studies on the deposit have
been performed. During this period, gold also
was confirmed to be one of the ore-formin
elements (Luo Yacnan et al., 1994). Studies of
the ores show that gold, sitver, and selenium can
be recovered as byproducts (Mao Jingwen et al.,
1995b). Yin Jianzhace and Zhou Jianxong (1994)
provided a preliminary description of the major
ote minerals and gangue minerals from the
mine. The physicochemicat characteristics and
sulfur-isotopic measurements for tetradymite,
a predominant ore-forming mineral, were pro-
vided by Mao Jingwen et al. {1995a).

With regard to the genesis of the Dashuigou
tellurium deposit, Mac Jingwen et al. (1994)
proposed that the mineralization is associated
with magmatism, as a result of their studies of
the sulfur isotopes of tetradymite and pyr-
rhotite. On the basis of further study, Luo
Yaonan et al. (1994} suggested that the teliu-
rium deposit is related 1o Farly Yanshanian
granitic magmatism. Yin lanzhao and Zhou
Jianxong (1994) observed that the deposit is a
sedimentary-reworked type one; i.e.. tellurium
and ather ore-forming elements, originally

enriched in the host rock, were mobilized dur-

gin of the Yangtze platform, The basement of
the western Yangtze platform is a Precambrian
metamorphic complex, consisting of Early Pro-
teronoic iboites and hornblende-plagi
clase Middle P, ic low-grad
and Sinian 1 volcanic
rocks, coarse-grained clastic rocks, and carbon-
ate rocks and evaporites. In the western margi-
nal region, the Upper Ordovician, Devonian,
Carboniferous  and .Lower-Middle Triassic
sequences are mostly absent. But the strati-
graphic sequence in the Shimian depression in
the northern part of the platform is relatively
continuous and consists of continental clastic
rocks and carbonates (Burcau of Geology,
1974). Permian cantinental basalt (the F'mei-
shan basalt}) occurs extensively in the western
marginal region of the Yangtze platform, cover-
ing an area of around 300,000 kin with an
average thickness of 2,149 meters (Zhang Yun-
xiang et al., 1988; Liu Zhaoji et al., 1986).
Because the Shimian district lies on the north-
ern margin of the eruptive region, the basalt
there ranges from 0 to 300 meters deep (Bureau
of Geology, 1974).

‘The Pre-Triassic regional structures are char-
acterized by NE-trending faults arcompanied
by multiphase magmatic intrusions and erup-
tions, including Late Proterozoic granitoids
associated with tungsten-tin deposits and Her-
cynan mafic-ultramafic rocks associated with
vanadic and titanic-magnetite deposits (Shen
Su and fing Mingxia, 1986). A group of extes-
sional NNE-striking faults and compressional-
ductile shears originated during Indosinian-

nei:

1

ing Yanshanian tectonic mavements and then
were deposited in fissures. Mao Jingwen et al.
(1995b) speculated that Yanshanan alkaline
magmatism possibly is responsible for the tel-
Turium mineralization,

This paper describes the geology, minesalogy,
geochemistry, fluid inclusions. and isotopes of
the tellurium deposit in detail. It then attempts
10 aseertain the physicochemical conditions of

its formation and proposes a metallogenic
mogel,

Regional Geologic Setiing

The Dashuigou tellurivm depasit is locatod
n the middle part of the Luding-Mianning
regional ductile shear belt on the western mar-

tect starting at the end
of the Triassic Period, accompanied by intru-
sions of granitic and syenitic magmas (Shen Su
and Jing Mingxia, 1086).

Geology of the Deposit
Geologic setting

The Precambrian basement and the Devo-
nian, Permian, and Triassic covers erop out in
the vicinity of the Dashuigou teHurum deposit.
The cover rocks have been wansformed into
sandy slate, phyllite, schist, and marble as a
result of regional metamorphism. Four mag-
matic episodes have been recognized—i.e., Her-
cynian nafir rocks, Permian basalt. Triassic
mafic metavolvanic rocks, and Yanshanian
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) tower-Middle Triassic siate and marble
[11] Upper Permian sandy slate

R e mar "
= upper Permian marble

@ Lower Permian marble

E Middle Devonian marble and slate

Upper Sinian marble interbedded
with sandy slate

Lower Sinian acidic metavolcanic rock

FEHH Precambrian basement

anshanian aegirine-amphibole syenite

anshanian granite

anshanian quartz diorite
‘I]Luwer-Mlddle Triagsic metabasalt
pper Permian metabasalt

EHemynian volcanic rock

Fic. 1. Regional geological map of the Wanbahe arca (modified after Luo Yaonan et al., 1994). The tive-pointed

star represents the location of the Dashuigou tellurum d

leposit.

-

I

|

Fic. 2. Sketeh map of the Dashuigon tellurium deposit.

quartz diorite, granite, and aegirine-amphibole
syenite. The main struetural element in the
Dashuigou area is the Wanbahe dome, consist-
ing of Triassic slate interbedded with marble
and the NNE and NNW sets of faults that cut
through it. The Triassic mafic metavolcanic
racks eropping out as a cirele in the Wanbahe
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dome are intercalated between thick-layered
massjve marbles, and arc characterized by high
enrichments in bismuth and tellurium. The
Dashuigou tellurium deposit lies on the north-
ern side of the basalt (Fig. 1).

The only rocks that erop out in the vicinity of
the Dashuigou tellurium deposit are Triassic



marble and metabasalt (Fig. 2). The marblc is
composed of thick-layered white units alternat-
ing with dark- and white-striped layers. The
actual host rock for tellurivm mineralization—
the metabasalt—is 50 to 80 meters thick and is
intercalated between marbles (Fig 2). A layer of
fine-grained lava breceia occurs at the base in
contact with the marble. The metabasalt shows
marked layering, indicative of polycyclic erup-
tions, and is both vesicular and amygdaloidal.
Because of the regional metamorphism,
actinolite, chlorite, clinozoisite, ilmenite, and
hematite are developed in the metabasalt and
have an oriented fabric. Large crystals of biotite
are developed along some interlayers. Chemical
analysis indicates that the metabasali contains
8i0, = 46.09 wi% and Nay0 = 2.17 wi% on
average, with K,0/Na,0 ratios ranging from
0.04 t0 0.18, and is enriched in cobalt, nickel,
chromium, scandium, vanadium, copper, and
strontium. Chondrite-normalized REE patterns
exhibit a correetly inclined shape without a
europium anomaly.

Ore veins

The 13 ore veins discovered thus far in the
Dashuigou tellurium deposit occur in the meta-
basalt, filling NE-striking fractures. Once the
ore veins reach the interface between the vol-
canic rocks and the marble, they disappear
immediately (Fig, 2).

Tellurium ore veins (Fig. 2) strike between
N5°E and N30°E, roughly parallel to one
another, and dip at angles of 50° to 75° to the
west. The main ore veins frequently have sev-
eral branches at their right sides, which show an
inverse A-like shape.

Mineralization of the Dashuigon tellurium
deposit is recognized to have occurred'in three
stages: pyrrhotite-pyrite (Stage ), tetradymite
(Stage 11}, and pyrite-chalcopyrite (Stage I11).
Stage-1 mineralization is the most widely dis-
tributed in the deposit, accounting for the
major parts of the 13 ore veins. The dominant
ore minerals are pyrrhotite and pyrite. The
pyrite occurs as enormous cubic and pyrito-
hedral crystals ranging from 1 to 10 cm in
diameter, embedded in medium- to coarse-
grained pyrrhotite aggregates. Networks of gel-
Tike pyrite and fine-grained pyrite are developed
along the fractures in pyrrhotite crystals {Fig.
3A). Interstitial chalcopyrite and native gold
fill openings among pyrrhotite and pyrite erys-

tals and transect pyrrhotite and pyrite along
the fractures. The major metallic minerals
crystatlized in the sequence—pyrrhotite, mega-
crystal pyrite, gel-like pyrite, chalcopyrite, and
native gold. Gangue minerals of Stage [—
dolomite, biotite, actinelite, chlorite, olige-
clase, tourmaline, and quartz—generally
exhibit massive structures,

Stage-Il ores are composed mainly of
tetradymite with minor tsumoite, joseite, tel-
lurbismuth, native tellurium, native goid,
stuetzite, native bismath, pyrrhotite, chalco-
pyrite, and sphalerite. The dominant gangue
minerals are dolomite and calcite, with minor
albite, muscovite, and quartz. In a few ove
veins, such as a branch of the No. 12 ore vein,
the muscovite content can reach 20 to 40 wt%.
Radial spherical muscovite aggregates, and
nested-radial tourmaline aggregates in diame-
ters ranging from 2 to 10 cm, can be seen in the
No. 12 main ore vein and its branches. Stage 11
is the predomi tellurium mi lizati
stage in the deposit. The tellurium ore types in
the stage comprise massive ore, which consiats
almost entirely of large erystals of tetradymite
(Fig. 3B), and disseminated ores consisting of
pyrrhotite-dolomite aggregates with interstitial
di inated dymite, ite, and other
metallic minerals or dolomite aggregates, as
well as interstitial disseminated tetradymite and
other tellurium-bearing minerals.

Stage-LI ore veins are developed spatially in
newly opened fractures along the pyrrhotite-
pyrite ore veins. Generally speaking, most ore
veins of Stage I penetrate into both sides of
Stage- ore veins (Fig. 4) or cut through the
pyrrhotite-pyrite ore and contain enclaves of
the latter (Fig, 3C). Because Stage-I mineraliza-
tion is controlled by tension fractures, both
breccia ores and host rock breceias in ore veins
occur frequently. A group of compressional-
shearing fractures is responsible for Stage-Tl
mineralization. The teilurium ore veins oceur
not only at one side or both sides of Stage-1 ore
veins, but alse in a series of massive tellurium
ore lenses, which are more than 10 meters
long, several meters thick, and right-laterally
arranged in the ore veins.

Graphic structure (Fig, 3D), consisting of
pyrrhotite, tetradymite, and other tellurides, is
developed extensively along the contact zones
between the ores of the two stages, where
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Fic. 3. P i the Dashuigon tell

posit, abl taken in plane-polarized light. A. Net-like pyrite

aggregate along fissures in the pyrrhotite erystals. B. Pure massive tetradymite ore. C. Telluride ore (white) cutting
through pyrrhotite (grey). D. Graphic structure consisting of worm-like pyrrhotites and tellurides {dark grey) and
tetradymites {gray). E. Thread-like telluride veins in pyerhatite ore (grey). F. Pyrchotites showing wavy extinstion

structure.

the early-stage pyrrhotite and chalcopyrite
assemblages are strongly altered by the late.
stage hydrothermal solution. Complicated
metallic mineral assemblages—including tetra-
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dymite, tsumoite, tellurbismuth, joscite, cal-
averile, stuetzite, and native tellurium—occur
between the contact zones, and are replaced by
almost pure tetradymite aggregates away from



. 4, Section of No. 12 ore vein and related alteration
ommg Logend: 1 = pyrrhatite-pyrite ore; 2 = totradymite
ore: 3 - quartz-Teldspar-muscovite rock; -1 - quartz-scricite:
ehlonite rock: 5 < quartzchlorte-actmolite rock; 6 -
metabasalt,

the contact zones. Tellurium mineralization is
developed as thread ke networks in the pyr-
rhotite-pyrite ores (Fig. 3F) at the other side
away from the zones.

Stage-11I mineralization occurs as vewnlets
and thread-like stockworks composed of pyrite,
chalcopyrite, and quartz, which are superim-
posed either on the two ores of Stages 1 and H or
on the surrounding metabasalts. Stage 111 is
characterized by copper and gold mineraliza-
tion, and their gold grade ranges from 3 to [3
8/t {Mao Jingwen et al., 1994).

The last mineralization is represented hy
ariferous quartz veins that arc randomly dis-
tributed near the ore veins, Luo Yaonan et al,
{1994) indicated that the gold content ranges
from 0.004 to 21.38 g/t, and that the tellurium
content ranges from 0.04 to 0.89 g/1.

Alterations

Wallrock alteration around both pyrrhotite-
pyrite ore veins and tetradymite veins is
remarkahle, and frequently zoned. Alieration
around Stage-1 orc veins is characterized by
intense biotitization. The alteration is zoned
outward from the veins as follows: (1) coarse-
grained biotite (5 to 10 cm wide) . dominated by
large-sheet biotite with interstitial fine-grained
quartz, calcite, and minor ilmenite, apatite,
pyrite, and sphalerite; (2) coarse-grained
actinolite-calcite-epidote, in which actinoli
to 15 mmlong forms a framework, with intersti-
tial calcite, epidote, plagioclase, biotite, and
clinozoisite, and opaque minerals of ilmenite,
pyrrhotite, and chalcopyrite; (3) fine-grained
biotite-feldspar, composed mainly of fine-
grained biotite, quartz, calcite, plagioclase,
muscovite, ilmenite, and minor pyrite; (4)
quartz-biotite-actinolite, in which fine-grained

quartz, biotite, and chlorite occur as interstitial
minerals among actinolite; and () chlorite-
actinolite of the metabasalt. It should be
emphasized that the second alteration zone in
the zoning oceurs sporadically.

Alteration around Stage-I1 ore veins is char-
acterized by a large amouat of muscovite and
sericite. Alteration zones, from the veins out-
ward, are: (1) fine-grained calcite-muscovite
dominated by muscovite and calcite, with
minor quartz, tourmaline, fluorite, hematite,
and pyrite; {2) quariz-sericite-calcite, mainly
cotposed of calcite, with some quartz, sericite,
and chlorite, a< well as opague hematite; (3}
caleite-quartz-chlorile. composed mainly of
chlorite, with minor sericite, quartz, calcite,
and vpaque hematite, chalcopyrite. and pyrite;
and (4) metabasalt.

In uddition, albite-quarlz  sericitization
clearly ocenrs beside some small veins, such as
pyrite-chalcopyrite-quartz ot veins and pyrite-
pyrrhiotite-bearing  quartztourmaline  veins,
Large crystals of actinolite are distribured
around the quartz stockwork, regardless of
whether they are auriferous.

Mincralogy of vein systems

Thirty-three kinds of metaliic and gangue
minerals have been 1dentificd from the
Dashuigou tellurium deposit, in three para-
genetic stages (Fig. 5).

Pyrite. The stoichiometric composition of
normative pyrite is Fe 46.55 und S 53.45 wi%.,
Pyrite in the Dashuigou tellurium deposit has
an average composition of Fe 48.24 and $ 51.73
wt%. It can he secn clearly that its sulfur
content is lower than the normative stoichio-
metric composition of pyrite. Pyrite in the
Dashuigou deposit is characterized by a low
nickel content (4.9 1o 25 ppru) and u high cobalt
content (912 to 5800 ppm); the Co/Ni ratios
range from 56 to 631.7. Moreover, pyrite in the
Dashuigou telturium deposit is enriched in tel-
lurium (5 to 27 ppm), gold (2.5 to 4.1 /1), and
silver (5.2 to 13 g/t), with the Au/Ag ratios
ranging from 0.28 1o 0.79.

Pyrrhotite. Two types of pyrrhotite, mono-
clinic and rhombic, coexist in a mosaic inter-
growth, In some places, pyrrhotite crystals are
deformed, so that they show wavy extinction
(Fig. 3F), and gel-like pyrite oceurs in fissures
within them. Components of pyrrhatite are Fe
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Minerals

Stage |

Stage Il

Stage [l

Dolomite
Ankerite
Calcite
Siderite
Mestite

Y

Pyrite
Gel-like pyrite
o i

Tetraydemite
Tsumoite
Joseite
Tellurbismuth
Calaverite
Tellurium
Stuetzite
Gold

Silver
limenite
Hematite
Biotite
Muscovite
Sericite
Amphil

Chlorite
Epidote
Rutile
Quartz
Albite
Oligoclase
Tourmaline
Fluorite

i .

Fic.. 5. Variations of minerals in different metaliogenic stages.
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CaCOsg

(Ca, Mg)COs3

FeCO3

MgCO3

Fic. 6. Campesitions of carbonates on a CaCi0,-Fell1MgCO, diagram.

57.95 to 62.6] wt% and S 33.72 to 38.47 wi%.
In comparison with pyrite, pyrrhotite has low
Co/Ni ratios, which range from 0.07 to 2.90
(1.18 on average). Its Au content varies from
3.2t04.6g/t (3.9 g/t on average), whereas its Te
content 35 6.3 to 3910 ppra (444 ppm on aver-
age). Most samples contain over 0.2 wt% of
copper, 0.68 wt% at most.

Tetradymite. Tetradymite is the most impor-
tant tellurium-bearing mineral in the Dashui-
gou deposit. It forms either massive ore in
coarsely erystallized layers or disseminated and
breccia ores in medium- and medium-coarse
layers interstitial among dolomite and calcite
aggregates. The layer tetradymite exhibits well-
developed cleavage along the {0001) crystal
face. The chemical composition of tetradymite
in the Dashuigou deposit is Bi 57.65 to 58.62
wt%, Te 35.20 to 36.40 wt%, and 5 4.59 to 5.36
wt% (Mao Jingwen et al., 1995h). Contents of
some trace elements in tetradymite are Ag
230-340 ppm, Se 160-280 ppm, Fe 310-2800
ppm, Sb 100-280 ppm, and Au 1.4-10.7 g/t
(Mao Jingwen et al., 1995b).

Tumoite. Tsnmoite oceurs only in contacts
between tellurium ore veins and pyrite-pyr-
rhotite ore veins. The microprobe analyses indi-
cate that the tellurium content of tsumoite is
35.58-37.54 wt% and that of Biis 61.50-62.20
wit%. Contents of some important trace cle-
ients of tsumoite are: $ (0.01-0.87 ppm), Fe
(0.03-0.11 ppm), Ca (0.04-0.23 ppm), Ni
{0.02-0.14 ppm), and Zn {0.06-0.11 ppm}).

Carbonates. Carbonates are the principal
gangue minerals in both the ore veins and
altered rocks. Several tens of samples have been
analyzed by electron microprobe and the results
are presented in Figure 6. The carbonates are
composed mainly of dofomite, calcite, minor
siderite, and a solid solution between siderite
and i i y con-
tains 7 to 26 wi% siderite molecules. The calcite
contains morc than 90 mole percent CaCOy. In
general, the ratio of dolomite to calcite from the
ore veins is higher than that from the surround-
ing altered rocks.

Plagioclase. Plagioclase oceurs mainly in the
altered rocks beside the ore veins, in addition to
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small amounts in the ore veins. The plagioclase
in the altered rocks and that in the pyrite-
pyrrhotite ore veins share similar compositions
and are mainly oligoclase with 25 to 29% of the
An component. The plagioclase from the tell-
uriam ore veins coexists with muscovite and s
albite with an An content ranging from 0 to 3%.

Bintite. Biotite is one of the most important
alteration minerals, often accurring in the form
of aggregates. Biotites gradually decrease in
amount and become finer in grain size away
from the ore veins. The pleochroism of biotite is
Ng—dark yellow and Nm = Np—pale yellow.
The results for 20 samples analyzed by the
electron microprobe indicate that the biotites in
different alteration zones are almost identical.
Fe/ (Fe + Mg) ratios of biotite vary from 0.42 to
(.58, suggesting that these hiotites belong to
the transitional series between siderophyllite
and eastonile. As a resull of systeruatic analyses
for biotite from the alteration 7ones heside one
of the ore veins, it has been discovered 1hat,
although Fe/(FetMg) rativs for biotite in dif-
ferent 20mes change slightly. the A values
increase gradually from the inner zones out-
ward (Tig. 7). Al* in biotite crystal lattice
replaces Si™ in Tields. so that the silicon
cantent of the biotite decreases from the ore
veins outward, and alumunum contents change
iversely.

Muscovite. Muscovite is one of the minor
gangue mincrals in most tedlurium ore veins,
and is dominant in a few ore veins. A minar
amousil of muscovite also ocours in the pyrite-
pyrrhotite ore veins, A large amount of mus-
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covite oceurs as medium- 10 fine-grained flakes
or fine-grained aggregates in altered rocks asso-
ciated with Mus-
covite in the tellurium ore veins is light green
and is cl ized by a scarcity of

and iron. Potassium ions (K*) in muscovite are
replaced by sodium ions (Na*). Muscovite con-
tains 3.13 to 4.29 wi% Nay0 and 4.12 to 4.36
wt% K,0, with Na/K ratios ranging from 1.07
to 1.58. Muscovites from the No. 10 ore vein
and related alteration zones have been analyzed
systematicably; the results suggest that the
atomic numbers of both iron and magnesium
(Fig. 8) increase synchronously from the ore
veins to the host rocks.

Amphibole. Amphibole, dark green in color, is
rclatively abundant in the altered rocks around
the ore veins because the host rock is meta-
basalt. In Leake’s classification diagram fur
caleie amphibole (Leake, 1978), microprobe
analyses show that the amphiboles from the
altered rock are terhermakite and that those
from metabasalt are ferro-tschermakit

Chionte. Chlorite also is extensively dis-
tributed n the Dashwigou tellurium deposit.
The chlorile compositions are projected
into two  groups based their  Fel'/
(Fee*+Mg2+Mn?") ralio ve. silicon atomic num-
ber. The first group of chlorites oecurs in the
altered host rochs beside the tellurium ore
veins, with Fe2'/ {Fe2 +Mg2*+Mn?") ratios from
0.656 10 0.663 and silicon atorme numbers from
2.75 to 2.84. The second category of chlorites
occurs in the pyrrhotite-pyrite ore veing
and related altered rocks, with Fe/(Fezr+

tellurium mineralization.
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Mg2+Mn?) ratios ranging from 0.401 to 0,523
and silicon atomic numbers from 2.63 10 2.67.
Projections of microprobe analyses indicate
that they belong to ripidolite and dumasite,
respectively,

Geochemistry

Major components, trace elements, and rare-
carth elements (REE) for typical ores, altered
rocks, and host rocks have been analyzed via
plasma emission spectrometry, plasma mass
speetromelry, X-ray fluorescence spectrometry,
and rouhne chemical analyses. All analyses
were performed in the National Research Cen-
ter of Geoanalysis.

Ore geochemisiry

Both Stage-I and Stage-11 ores are major ore
types in the Dashuigou deposit. The [ormer
type is mined mainly for suifur and copper. Ore

=tellurium ore vei

alcite-muscowte alteration zone;
Tlorite-actinotite rock; © = pyrie-

grades of this type for the ore-forming elements
are: Cu 0.12-1.32 w1%,, 'Te 5.4-445 ppm. Sc
1.2-3.4 ppm, Au 0.08-0.21 g/t, Ag 0.15-4.0
g/t, and § 30-45 wi%. Contents of tellurium
and seloninm in the ores show a positive cor-
relal

n. Massive sulfide ores contain <{1.5 wt%
> but (4 h 4.25 to 42.98 wi%
for ores enriched in carbonates, The Stage-I
ores are relatively enciched in zine and poor in
lead, with Zn/(Pb+7n) ratios of 0.75 10 0,95,

Stage-11 ores contain the following grades of
metals: Te 0.2 to 10 wi%. massive tetradymite
wre 1310 25 wi%e. Se 10010 130 pprs, Au 2.1 10
82 g/t and Ag 148 10 266 g/1. As tetradymite s
the dominant metallie mineral, tellurium shows
an obviously positive correlation with bismuth
in Stage.I ore, with a correlation coefficient of
0.9. Both the lead and antimony contents of the
ores are lower than 300 ppm; neither antimony
nor lead tellurides have yet been found.
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Chondrite-normalized patterns (Fig. 9) of
transitional elements of the two types of ores
indicate that they are quite similar to each
other, and are characterized by depletion of
chromium and nickel and enrichment in cop-
per. In comparison, the metabasalt in the
deposit is relatively enriched in titanium and
zinc and is depleted in nickel,

Geochemistry of altered rocks

With increasing distance from the pyr-
rhotite-pyrite veins, the NayO contents in each
alteration zone vary from 3.55 through 2.34 to
1.42 wt%, K,0 from 1.74 to 0.39 wt%, FeQ
from 8.33 through 9.72 10 12 wt%, Mg( friom
6.33 through 7.26 to 8.76 wt%; but Ti0, con-
tents are relatively constant, ranging from 1.58
to 1.76 wt%. Thus it can be scen that during
alteration, the sodium and potassium compo-
nents move outward from the mineralization
system, whereas iron and magnesium move to
the mineralization system from the host racks.
Because the contents of transitional elements
in each alteration zoue are similar to each other,
they share almost the same chondrite-nor-
malized patterns.

Although there is clear alteration zoning
around the ore veins, REE in the altered rocks
do not change significantly during the altera-
tion of the host rock (metabasalt). Outward
from the ore veins, the total REE amounts of
the altered rocks in different zones increase
(Fig. 10} and the La/Yb ratios tend to rise as
well, The La/Yb ratios are relatively higher in
the rocks enriched in carbonates. HREE con-
tents are relatively higher in biotites closely
neighboring the ore veins, and the La/Yb ratios
reach 3.89.

Compositional variations of the alteration
zoning centered on the tetradymite ore veins
are characterized by removal of carbonates dur-
ing the mineralization process. From ore veins
to the surrounding altered racks, CO, contents
vary from 25.28 to 10.26 wt%, CaO from 24.61
to 8.75 wt%, and 5i0, from 0.69 to 42.85 w1%.
K,0 contents reach 3.89 wt% in the muscovit-
ization zones near the ore veins and decrease to
0.68 wt% in the farthest zones. Perhaps, owing
to the apparently lower mineralization tempera-
tures of Stage II, the REE patterns of the
alteration zoning basically retain the features of
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¥ic Y. Disgram showing the distribution patterns of
transitional elements of the ores and their host rocks.
metabasalt; GF31-1 = pyerhotite-pyrite ore:
telradymite ore.

the metabasalt (Fig. 11}. Because of the differ-
ent mineral assemblages of the samples and
different proportions of the mineral phases, the
total REE amount of the altered rocks varies
slightly, and their chondrile-normalized pat-
terns exhibit a slight depletion of enrichment of
europium (Fig. 11). However, there are, on the
whole, no apparent variation trends.
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-quartz chiorite rock; 4 = chlorite actinolite
rock.

Fluid-Inclusion Studies samples used for study were collected from

Doubly polished  sections—approximately underground occurrences, Microthermometric
0.3 to 0.5 mm thick—of calcite, quariz, and Medsurements were made using a Clamax gas-
dolomite from Stage-1, Stage-11, and Stage-IIl  flow heating-freezing stage. Temperatures of
ores were used for fluid-inclusion study. Most ~homogenization (Th) and ice melting have stan-
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dard errors of £1.0° and +2° C, respectively.
Salinity data are based on freezing-point depres-
sion in the system HyO NaCl (Potter et al.,
1978)-

Fluid inclusions are not very common in
most samples and are considered to be both
primary and secondary in origin. Primary
inclusions occur either individually or as ran-
domly oriented clusters, whereas secondary
inclusions tend to be arranged in oriented clus-
ters. Most inclusions are two-phase liquid and
vapor, consisting of 10 to 30% vapor, which
howmogenizes into the liquid phase. A few inclu-
sions in Stage IT are CO,-bearing inclusions
with 25 to 95% CO,. Rare three-phase inclu-
sions of liquid-vapor-solid (halite) occur
within Stage-I1 and Stage-111 calcite; the inclu-
sions range in size from 2 to 29 pm,

The results of heating and freezing experi-
ments are depicted in Figures 12 and 13.
Homogenization temperatures of primary
inclusions in Stage-l quartz and calcite range
from 260° to 356° C, with a peak of 320° C
(Fig. 12A). Secondary inclusions in Stage-d
quartz and dolomite vary from 185° 1o 260° C
with a peak of 210° C (Fig. 124). Stage-Il
primary inclusions of calcite and dolomite
range from 198° to 205° C, with a peak of 240°
C (Fig. 12B). Temperatures of primary inclu-
sions in Stage I1I range from 152° to 235° C,
with u peak of 170° C (Fig. 12C}.

Freezing-point  depressions for primary
inclusions in Stages I, 11, and I11 exhibit differ-
ent ranges of values, Salinities of Stage-1 fluids
range from 1.5 to 5.8 wi% NaCl equiv {Fig,
13A), whereas those of Stage 11 range from 1.5
to 5.8 wt% NaCl equiv (Fig. 13B}. Salinities of
halite- bearing inclusions reach 20 to 25 wi%
NaCl equiv, and those of Stage I range from 2.8
to 3 wt% NaCl equiv.

1sotope Studies

We measured the sulfur-isotope composi-
tions of sulfide minerals; the carbon- and oxy-
genrisolope compositions of calcite, quartz,and

ite; the hydrogen- and oxyg t
compositions of muscovite; and the fun-nahon
4ge by the PAr-%Ar method, in order to eluci-
date the origin and history of hydrothermal
fluids and their ore constituents. All of the
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stable-isotope analyses were performed in the
Stable Isotope Laboratory of the Institute of
Mineral Deposits, Chinese Academy of Ceo-
logival Sciences. The analytical methods and
standard errors of each method have been
explained by Ding Tiping et al. (1988).
SArMAr analyses were performed in the
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F1c. 13, Histogram of salinities of primary Mud inclu-
sions in Stage.[ and Stage-TE quartz. caleite, and dolomite s
the Dashuigou tellurium deposit

Institute of Geology, Chinese Academy of Geo-
logical Sciences. The analyzed process und stan-
dard errors have been reported by Fu Yunlian et
al. (1987).

WAr-PAr dates

One sample of muscovite (GF-36) collected
from the No. 12 ore vein was used to determine
the ®*Ar-¥Ar age, The ore consists of muscovite,
tetradymite, dolomite, and calecite, and shows a
mosaic structure under the microscope. The
spectrum of dates ealeulated from %Ar-3%Ar
ratios of gas fractions released by incremental
heating of neutron-irradiated muscovite are
shown in Figure 14. The plateau of the mineral
dates is well established, which suggests that
the argon system has not been disturbed. The
average plateau age of the muscovite is 92.10 &
106 Ma calculated from the gas fractions
released between 400° and 1400°, The tem-
perature of 720° to 1170-° C gas fractions of the
muscovite indicate a date of 94.1 + 1.0 Ma.

The measured ®Ar-®Ar and 39Ar-%Ar ratios

h - :

of I g from the

under 720° 1o 1170° C fit a straight line (Fig.
15), and an isochron age of 93.70 1- 3.44 Ma is
obtained. The intercept (PAr-*Ar) of the iso-
chron (399.02) suggests that there is a small
amount of excess radiogenic “Ar in the mus-
covite lattice. Because the excess “Ar is not
enough to affect the calculation for date, an
age of 92 to 93 Ma represents the time of
mineralization.

Sulfur isatopes

Sulfur isotope analyses were performed on
22 samples from Stage 1 and on 10 samples from
Stage II. The 695 valuss in Stage I range from
0.6 to +1.7 per mu! for pyrite and from -2.2 to
+2.2 per mil for pyrrhotite. The 84S values for
tetradymite range from —0.5 to +2.1 per mil. All
545 values oceur in a narrow range (2.2 10
+2.8 per mil), corresponding to a normal dis-
iribution with a peak of +0.5 per mil (Fig. 16).

Carbon and oxygen isatopes of carbonates

Carbon- and oxygen-isotope analyses were
performed on 13 samples of dolomite and cal-
cite from ore veins and 4 samples from Triassic
marble. The 8" and 80 values (Fig. 17) for
ore veins range from -5.3 to -7.4 per mil and
from +10.9 to *13.1 per mil (SMOW}, respec-
tively. Using the carbonate-water fractionation
curve of O°Neil et al, (1969), the 6'8() values of
fluid in equilibrium with calcite at 280°-210°
C (trapping temperature of Stage [and 11) were
calculated at between +2.1 and +7.1 per mil
(SMOW). The A13C and 880 values for the
Triassic marble range from +1.0 to 2.8.per mil
and from 16.8 to +28.5 per mil {SMOW),
respectively.

Hydrogen and oxygen isotopes

Hydrogen- and oxygen-isotope analyses were
carried out on three samples of muscovite and
one quartz sample from Stage 11, The 8D values
range from +9.9 to +13.0 per mil, respectively,
Using the muscovite-water fractionation curve
of O’Neil et al. (1969) and the quartz-water
fractionation curve of Clayton et al, (1972), the
§'20 values of fluid in equilibrium with mus-
covite and quartz (at fluid inclusion trapping
temperatures of Stage II) were estimated to be
between +3.9 and +7.0 per mil (SMOW).
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Fic. 15. Argon-isotope correlation diagram for muscovite.

Discussion and Conclusions
A new type of ore deposit
Tellurium, being a dispersed element, tends
to be disseminated via geological and metal-
logenic processes. It frequently occurs as a
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byproduct in ore depusits—for instance, in
gold-tellurium deposits, such as at Cripple
Creek, Colorado (Thompson et al., 1985},
Emperor, Fiji (Ahmad et al,, 1987), and Dong-
ping. China (Song Guanxiang, 1991); in hydre-
thermal copper bearing sulfide deposits, such
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Fl.. 16. Histogram of sulfur-isotape data for sulfides.
Tegend: 1= pycrhotites 2 = pyrite: 3 = tetradymite.

as Qibaoshan, China (He Siwei and Sun
Minyur, 1986) and Dabaoshan, China (Li
Yuwei, 1994); and in copper-nickel sulfide
deposits, such as Jinchuan, China (Li Yuwei,
1994). Tellurium in these deposits commonly
occurs as calaverite, copper-bearing telluride
assemblages, and nickel-bearing telluride
assemblages. The tellurium grade in most ore
deposits is not higher than 100 ppm. However,
tellurium-bearing minerals occur mostly in tel-
lurium-bismuth mineral assemblages, and the
tellurium grade attains 0.5 to 25 wt% in the
Dashuigou tellurium deposit. Hence Dashuigou
must be considered a tellurium-dominated
deposit, and it is at present a unique world
example (Chen Yuchuan et al., 1993).
Although Dashuigou is a telturium-domi-
nated deposit, it also is enriched in bismuth,
gold, silver, and selenium, which can be
recovered us byproducts, Thus its mineraliza-
tion characteristics can be compared with some
tellurium-bearing gold-silver deposits—such
us the Emperor gold-tellurium deposit, Fiji
(Ahmad et al., 1987), the Fiorencia gold-tel-
lurium deposit, Cuba (Bortnikov et al., 1988),
the Macassa tellurium-gold deposit, Canada
(Tesfaye, 1992), the Mehd Adh Dhahab gold-
sitver-tellurium deposit, Saudi Arabia (Afifi
et al, 1084), the Tyrnyauz gold-tellurium-
bismuth deposit in the former USSR
(Andrushchuk et al., 1968), the Gies Au-Ag
telluride deposit in the United States {Zhang
Xiacmao and Spry, 1994), and the Praso-

lovskoye Au-Ag-Te-Se deposit in Russia (So et
al., 1995)—all of which are considered to be
mesothermal or epithermal ore deposits associ-
ated with alkaline complexes.

Physicochemical conditions of ere formation

Our heating and freezing data for fluid inclu-
sions show that hydrothermal mineralization in
the Dashuigou tellurium deposit occurred in
the temperature range of 170° to 360° C with
changeable salinities (Fig. 18). Within Stage-I
mineralization, the lemperature ranged from
3602 10 260 C, with low salinities of 1.5 to 5.8
W% NaCl equiv. Stuge-Il mineralization is
characterized by middle-level temperatures,
ranging from 295° to 198° C. and high salin.
ities of 9 to 15.2 wi% NaCl equiv. Stage-1I1
mineralization was a low-temperature and low-
salinity event (Fig. 18). The data indicate that
the fluid temperatures decrease from Cu-S min-
eralization, through Te-Bi-Se-Au Ag mineraliz-
ation, te Au (Cu) mineralization and that Te-Bi-
Se-Au-Ag mincralization oecurred as a result of
high-satinity hydrothermal solutions,

Utilizing CO, density gesharometry, the con-
fining pressure for dolomite and quartz from
the ore veins was estimated to be 756 X 105 Pa
(luo Yaonan et al,, 1994). Taking the geo-
pressure gradient to be 263 x 105 Pa/km, the
indicated crystallization depth of the minerals
is 2.70 to 3.05 km.

Sulfur and tellurium fugacities of the main
mineralization stages of the Dashuigou tellu-
rium deposit can be measuted approximately on
the fs, vs fr,, diagram (Fig. 19) from Afifi et al.
(1988). An equilibrium diagram a1 200° C (Fig,
19) is adopted here for the sake of discussion,
considering that the Dashuigou deposit is an
epithermal ore deposit. As the most jmportant
coexisting mineral pair of Stage I, pyrrhotite
and pyrite were deposited mainly depending on
the sulfur fugacity, and their equilibrium f_, is
read to be 10-167 (Fig. 19). Because there are no
tellurides or native mercury in this stage, their
fr,, of formation should be below the equi-
librium line for the reaction pair of altaite and
galena, approaching 10-% to 10-5. Hematite,
hessite, and tellurbismuth, as well as magnetite,
stuetzite, and tetradymite, are present in Stage
I1. Therefore, the s, and fr,, are confined to a
relatively small trapezoid (Fig. 19}, and the f;
and {r,, are measured to be 10-1% ta 10 185 an
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10-12 10 10195, respectively. On the whole,
both the sulfur and tellurium fugacities
increase from the early to late stages.

Sources of ore-forming materials

Although the Triassic metabasalts are the
host rocks for mineralization in the Dashuigou
tellurium deposit, the mineralization is charac-
terized by an earichment in silica, alkalis, and
carbonates. Gangue minerals in the ore veins
are dominated by carbonates (including dolo-
mite, calcite, siderite, and magnesite), with
minor biotite, muscovite, albite, oligociase,
quartz, and tourmaline. Alteration zoning of
biotite - quartz - oligoclase - chlorite - epidote -
actinolite and muscovite-quartz-albite-calcite-
actinolite assemblages are developed around
pyrrhotite-pyrite veins and tetradymite ore
veins, respeuwely K/Na ratios vary from 4.74
to 3 0.16, and 0.06 from the ore veins
|hrough the alteration zoning to the original
host rock; Mg/Fe ratios vary from 0.94 10 0.74,
0.65, and 0.48 from the ore veins outward. The
{eatures above reflect an infiltration metasoma-
tism of alkaline-rich mineralizing hydrothermal
fluids outward. A hydrothermal fluid enriched
in €O, and alkali-silicic components suggests

stage area; 2 =

stage area.

that it was related genencally to alkaline or
alkali-granitic magmansm

The sulfur content in pyrite from the
Dashuigou tellurium deposit appears to be
lower than normal. This sulfur-poor charac-
teristic suggests that the mineratization fluids
are related to magmatism. Cui Yanhe (1993)
generalized that pyrite from syngenetic
deposits has a higher sulfur content than the
standard composition, but that from hydrother-
mal deposits associated with magmatism con-
tains lower amounts. Co/Ni ratios of pyrite are
used frequently to recognize metallogenic
environments (for example, Davidson, 1962;
Dike and Hutchison, 1979). Song Xuexin and
Zhang Jingkai (1986) demonsirated that, in
China, a Co/Ni ratio for pyrite of less than 1
indicates a genelic environment of syngenetic
deposits, a ratio of 1.1 to 23.5 indicates skarn
and porphyry deposits, and of 1.2 ta 32, hydro-
thermal deposits associated with magmatism.
For the Dashuigou tellurium deposit, the Co/Ni
ratios of pyrite range from 56 to 652, which
suggests a deep source of mineralizing fluids.

The 8180 values of fluids, ranging from +2.1
to +7.1 per mil (SMOW), are lighter than
expected for the isotopic composition of mag-
matic fluids (+5.5 to +9.5 per mil) (Ohmoto,
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1986; Sheppard, 1986). Linlike the 840 values,
the 8D values of ore-forming tluids range from
61 to <54 per mil and overlap a field of the
typical composition of magmalic ore-forming
fluids (-80 to -40 per mil). Tt is possible that
the ore-forming fluids were derived mainly
from a magmatic source and were mixed, with
minor meteoric water.

The 843 values of sulfides in the Dashuigou
tellurium deposit range from -2.2 1o +2.8 per
mil, with a mean value of 0.5 percent. This
almost overlaps the 0 to +2 per mil range
assigned to magmatic sulfur (Ohmoto, 1986;
Taylor, 1986).

The 8BC-§10 diagram of carbonates (Fig,
17) shows that the §4C values overlap the range
of -6 to -9 per mil (Faure. 1986) known 16 be
Lypical of magmatic fluids. The 6'%0) values arc
slightly heavier than those of magma. The 81C
and %) values of the Triassic marbles in the
Dashuigon tetlurium deposits arc quite differ-
ent from those of the ores.

Cenetic model for Dushuigon teliurium
mineralization

Beeause gold, silver, bismuth, and cerium
can be recovered as byproducts from the
Dashuigou tellurium ores, the deposit may be
classed amang the gold-tellurium (silver) min-
eralizations enriched in teHurium. In this case.
it can be compared with gold-tellurium or poly-
metallic gold-tellurium  deposits, such as
Emyeror, Bji (Abmad et al.. 1087). and Dong.
ping. China (Song Guanxiang. 1991}, Moar
gold-tellurium deposits throughout the world
are assacialed genetically wilh alkaline mag-
matic rocks (Zhang Zhaochong and Li Zhaona.
1994). The following model for the genesis of
the Dashuigou tellurium deposit is compatihle
with all available geological and geochemical
data.

The wost margin of the Yangtre platform
experienced rifting during Permian 10 Triassie
times. Subsequently, the riff was closed and the
Songfan-Ganzi foldbelt formed, since the Jin-
shajiang plale was subducted beneath the
Yangtze plate during Middle and Late Mesoroic
time (Luo Yaonan et al., 1982). During this
period (140 to 80 Ma), alkaline granite intru.
sions and syenite-leucitite intrusions were
emplaced. The nearest syenite stocks are known
to be 7 1o 8 km apart from the Dashuigon
teliurium deposit. A recent geophysical study
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{PanxiGeological Team, 1993) has revealed that
there is a concealed granite and syenite stock
bencath the Wanbahe dome. The tellurium
mineralization in the Dashuigou deposit s
dared at 93 Ma by the 3¥Ar-%Ar method. Fur-
thermore, more and more REF. deposits genet-
ically associated with syenite stocks have been
found in the past 10 yesrs along the westcrn
margin of the Yangtze platform.

The western margin of the Yangize platform
is u special belt for enrichment in rare and
dispersed metallic elements. Not only the
Dashuigon tellurium-dominated deposit, hut
also the Tanmuchang thallium-dominated
veral cerium and ger-
manium-dominated mineralizations have been
discovered in the belt. Morcover, fellurium has
been known to exist as an accompanying ele-
ment in many deposits, such as Lhe Liwu VMS
copper-zine deposit (Mao  Jingwen ot al,,
1995¢), the Baijintazi gold deposit fa ductile
shear-type gold deposit), the Yanyuan-Muli
porphyey copper deposits, and others. We can
imagine that the upper mantle and/or the lower
crust in the hell are enriched in tellurium.,
thailium-, cerium-. and germanium-dispersed
clements and that some favorable environments
or enrichment in this group of elements.

The ductile shear zones
ascending hydrothermal 1
alkaline magmatic activity. Triassic basic meta-
volcaniic rocks are favorable to telluride miner-
alization. An allcration halo developed as a
result of strongly contrasting chemical com-

ositions between fluids and the host rocks

Although transported for long distance
their source, the €. §, O, and H isotopes of
hydrothermul fluids did not change substan-
tially. Mineralization originated in three stages.
the first two being the most important. The
temperature and [g, gradually decreased, and
the £, and fr,, increased from Stage [ to Stage
1L Hydrothermal fluids of Stage I were curiched
Cu,and Fe: of Stage 1Ein Te. Bi, Se. Ag, and
Au: and of Stage T in gold.

s

deposit occurs, and

A
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