N RRE R A
MERAWRNRNE




FW AT R RRETEARR, WA AR
X, AAEENME, BV EIERE-RE)IBEZE, Fo#. 7
. REE. FAR. BRE. BEX. BACE 200 245 RER
S EAN VERTKES EHATENT HERLFRARE, £
M RARBENN, Hh e EREE AR R EEN XRER,

“HERTEESG KR EN" B 1999 45 o E b 5 Bk
ELEFEARERFT LR RERA TN A T, S4RTERE,
VT H R R A H R E R 50 £ 4 RS K B AN TR R R AL AT T
hHEHEHREN -KAE. RAMBERRA, BENATFREA
B AT RF. EHE N BANM AT R RS R B
M, FERTK (%) RT LR EEARPECANE S EHENEF.
BN LA EE ¥,

ECFPEARTRRESERAT N RARET, PRAERNA
THRWARLE CVERFMERE, HARENRT R, <
A B R 4 5 SRR A M R R SRR B 4T R ¢ R E kA
EHERT" %, PRAERPERBRATAETENRES ‘PR
ERTREFE” R “AS-0BERRRTESHANTEEN" %,
FRAARRERT HANLE “WERLEATHERA. “FLRART %
R “HARKTHE R “HARARTEA" %, FRRRATED
WA CRETRERT A RTANLE. KT HE" R “LERY A
BRI S HIE" WFE, HFELER EHLT “FEAT &

2T OER; RY FHEFRNNAE “BLEAERATEREL” &
1



CLERTERFNSEEY CRERLIFET FEERRIMENE
. B, £F. BARALSAMERRTAEHRTTRAANESE, X
RYWRMBRY T @HATT 047, S EE W AWEFFEFNIE &
LM, BMATRENRT KR, B—RFIRREGER, AE/L+F
KB Rk s AT A A, 3t 4 )5 oy e B8 & e BOA AT T
EFEERABW, AT “RRAEFN TESEMEFLRAAE
w45 & X

FEREREREK 5",7 %r %

2005 1 A



BE R G R e eeseenniee e L e (1)
e BN BRI SR AR v e e (1)
=, EERTIALS . BIITINEREE AERE r {2)
=, BT . SIS TBLEL v ( 4 )
DU, SEEEHEFERITATE  vrrre et o s ( 4 )

BoE KB RS —— BRI BRI B R oo (s)

%_.-—T-," X S 5 ST R e {8)
e RIS ER Bk e v et e e s s (g)
-. ﬁm-ﬁﬂ:ﬁm%ﬁﬁ%ﬂggﬁ@?ﬁ@ ............................................................ ( 2 )
= BRI B S R AL o ( 8 )
g . mm-ﬁmﬁlllﬂﬁﬁﬁﬁgﬁfﬁfﬂﬁﬁ ......................................................... (“)
T, BU-ER RS GRS SRR E o s (11)
7. BRI SRR S R E e M LIl e (16)

o I BET v (17)
e B FIHE e s e e (17)
T MR crrerr e s e (18)
=. Iﬂﬂzwf%ﬁ@ ................................................................................. (19)
M. EITEI A LLITEBI  vrereeeromtsn st it i b b e e (24)
. BE SEIEIE et e e easreseneaareernaesnaranran (28)
T BUIKTT L EREL  coev v e e e e (29)

%Eﬂﬁ ,ﬂ:}:&ﬁﬁ‘ﬂ{%ﬁ]ﬁ ........................................................................ (30)
—. /fj:\'ﬁmm“ﬁg .................................................................................... (31)
- A b - R R T D R P PR PR R DR E PP E PP P PEP PP (39)
=7t SRR LT CTETT TSI PPEPRIPPREPR {41)
L I B T - <R LR T L LECET TP PR (41)
Ty SR B« re vttt e b s s e e (42)

BN R BVGER ST GHTES A3A v overrerrermammrmer e (43)
e TR e e e e et e e (43)
B =1 E-= 2 o T D P P T T T PP PP PR TP TR (44)

HERY Ry ENPRTFINTEAE R HEE (45)

g M = N 11 S {46)

FoE DERRARESELSERT RI—LUIRRBRTER oo (a7)

ﬁ'—*g_.:ﬁ‘ Ejﬁﬁﬁ@jﬁﬁﬁ&&jﬂ:ﬁ ...................................................... (47)




— zﬁﬂﬂﬁ ....................................................................................... (47)

—. 1-1%;%!55 ....................................................................................... (49)
R = 2 LT R e R R R R R (49)
PO, A rrvereereees s ot e e s (50)
F. AR ISTEAHEAIEfE o (53}
il i%&;ﬂ“@? ........................................................................... {54)
—. j(ﬂﬂﬁllﬁ ....................................................................................... (54)
o BEEYE vttt e e {55)
o AT HETE v L s s (5?)
P AR wrrerrrermr s om s ettt sttt i b e s s e {60)
T BT HMERALAE s b s e (64)
Py FEE A rvrre e b bty s {73)
vE"—ﬁ.‘ Ebﬁ@“ﬁgﬁj%i}-;{ﬁ ..................................................................... ('?6)
e BEERTRHTER vt nre e s s s s (Tﬁ)
- > oy - R L R L PRy PR LT EY TR PP R SEPETRETLRR (77)
= ﬁﬂﬂﬁkﬂf ........................................................................................... (80)
%Eﬁtﬁ‘ Wﬁg;@ﬂ&;ﬂ;\_ﬂm“ﬂeﬁﬁ ............................................................ {81)
e T BRI e T e r T Tt (81)
o BRI IR vt e e (31)
- = - R L R RRRELERLEPREVREVRER (8?)
L TRl R LL LT e AP T PR PEP PR PRPRD (8?)
%Rﬁ? ﬁ'@"%@]ﬂg%m‘ mm_ﬁ%mﬁﬂ ................................................ (91)
e BT EEBURI AL e v rere e e e (91)
T R BRI E B e s s e (97)
T B RSB RIIEAY e e e (101)
M., K. BERIFE A B EIE e (]01)
%7‘;'{—5‘ Eﬁf%ﬁ“ﬁﬁﬁ%j} ............................................................... (105)
B 2 -3~ T LRI R TP (106)
e 2 - a2 -1 BT R IR REE TEP LT (106)
ENE BLBEERSERT AT BB MBI B rerermmsssnmenn (108)
22— ﬁﬁﬁﬁﬁigw‘ﬁ{ﬁﬁ ............................................................ (103)
— L HBEETEEE  cerererrrrrerrtarrara i st s e e e s e (103)
= BEIR ERHA TSR v cereerree e N e asaeeseaaa e e b e by (108)
%:TJ ﬁﬂ%ﬁfﬁﬁ%ﬁﬁﬂﬁﬂ ............................................................ (110)
%ET} ﬁﬂ@i%%%ﬁ&ﬁﬁ ............................................................ (113)
%@‘Jﬁ‘ S E DT AP e e e e et ET i EEs Rt s RN rRmsiEs e asn st {119)
R MR WK RGE -t e e e (122}
— . FHLRR T EEER AR A e e e e e e (122)
R W b o A R P P e N P (125)

v



e TRISRIE e i e e s s e e e e s e s e (127)
T BLAUSEIRL  reree e e e i aie e aa s an (128)
= TKBUSEIE e L b e (131)
BEY BEALEEEERBE R R e (132)
— R ETEITE RIS et e R TR {132)
T LA R B R g e e {133)
HAY BEIEE T AR R E A EH e reererm e (136)
e R EFI I AR e e e (136)
. B BT BRI TR e s (136
ERE RU RFIBIEEIEE v e e (139)
o R I (oL T i O (139)
B R RFUBYZSHIGER v oo e rrre e e (142)
B s + AR (142)
. FEREg - . (145)
T B BTGB A GEH et e (146)
— . BRI Tl oo i s e (146)
B O 0 L L T (148)
=, BT ETIRIOHEEEHZET et e e e e (149
FIH RO RIRAT - AT RO B RGBT v (151)
— . KB - AT PRI R AIEAR LAt crv v e (151)
-, S - Tl e LY D D (152)
=, KB -BAKATIRERT BRI MATES I sttt i s (154)
BRAY LY L 1 8 R o TR RT T S O (157)
1 1 0 =T ) T e (157)
B 11 = R =% | I e (158)
BT B R {161)
T -2 T =E 1 F - s ol T A B (161)
B =7 = R S - T R D Uy {162)
=, B BFMEIETH] - i e b e {164)
i o R PO (165}
v - T (169)




Contents

(eneral Preface

Chapter 1 Introduction -« - eseremvanemmranmrsinannsn. f e e e rar e et et raa e aaana
1.1.1 Brief history and situation of metallogenic series research — «+rre-iiiiiannmrraiii i,
1. 1.2 Research tasks, conlents and technical route  srrse--ceeenririraariiieen... R AL
1.1.3 Work process, compiling division and acknowledgement +»torrererr smiarranna i,
1.1,4 Main achievements ++=r2ersenee S e re e ae e re s ad et ias i herenen e earas

Chapter 2 Submarine hydrothermal exhalative sedimentary {SEDEX) metallogenic
series——example form the Langshan-Zhaertaishan metallogenic belt -

2.1 Regional tectonic setting and ore-forming environment ««---rerrerrariiiniiiin.
2.1.1 Regional tectonic frame and evolulign <<=rsrsrsrereresrrasnrann e mremraniaineaeriarasrarians
2.1.2 Spatial distribution of the Langshan-Zhaertaishan rift wrvrrersrrrerarrcniiiiiiii .,
2. 1.3 Metamorphic basement of the Langshan-Zhaertaisharn rift =-re--csrereravanraan.. (ERELEARETREE
2.1.4 Formation and development of the Langshan-Zhaertaishan rift =r«sreereerreaeearaiiiiiian
2.1.5 Sedimentary formations and original types of metamorphic rocks of the Langshan-Zhaertaishan

rlﬂ. ------ LR LR LR TP --....----:-4 T R L R Ll T Y T
2.1.6 Major geological events and evolution of the Langshan-Zhaertaishan rifl -+««r-eeveeraesae. tre

2.2  Major ore-controlling factors -++<reerereciennsnn e aeraer it tae e raaes
2.2, 1 Ore-bearing hasin «+++steestertemtmmrmeimiiitrierieiaatvnsrranssistrnerrinssns Criraiaan.
2.2.2 Statigraphy and lithology <=+=--=--- v PP
2.2.3  Activity of aynchronous faulta «=++svrsessimrarainnannn., bermreririaeratiirannannnn Cieirieees
2.2.4 Syn-sedimentury volcanic activities «++<=r+=rsserrasrurirrrarsrnsassssnrnrsrneraenrnsarnsnss
2.2.5 Source of ore-forming tietals +vvreerrerieatseareraeniaae e enrerrrsaasaana,
2.2.6 Hydrothermal circulation syslem ««=+esr:cesnsestetimmmmmrtanien e rrsrsieesinrnsaanns

2.3 Analysis of typical ore deposits -+«++esererrernseiariesiiiimmia e s rreaaeesaaeaens
2.3.1 The Dongshengmiao ore deposil «fr=+rtr sestarssstarmnmiiitirnt et sasaernansraernenas
2.3.2 The Tanyaokou ore deposit »»+-+rsserasissesiarasrninnanses, e araerestaiaraarraaannrre
2.3.3  The Huogeqi ore depogit  «r=rererrmrssturimietstsiiras v races et aerraantaenaan,s
2.3.4 The Jiashengpan are deposit *=++r»eerserssctnrssrimtsnnn e tetaeriinstenanrneaanenrus
2.3.5 The Zhulazhaga gold deposit +++++=++ serrerassanutieirirrasseeneennans it

2.4 Forming processes and temporal-spatial distribution of metallogenie series «--+++---
2.4.1 FOIMing pPrOCESSES *=* =« o rrst st s iietme e ot aar ittt ia s haraarraaaaran e aes
2.4.2 Temporal-spatial distribUtion ++++e = versassesarimrimititttne e irrearaaeeanrreeraanensneas

2.5 Position of large ore deposit in the metallogenic series and ore-controlling factors

2.6 Problems need 10 be researched in detail sccerranir it i e Srnarraaranranes

(1)
(2)

(4)

(8)



Chapter 3 Mg-B metallogenic series related to Mg-rich carbonate formation
example form the ore-forming belt in Liaodong rift zone ------------ (47)

3.1 Regional tectonic setting and ore-forming environment < errrvevesrisriairineiaia (47)
3. 1.1 Regional strata »++++s:+srseeseesaseracseanmensnneraeteestes e an e n e an e n e enes (47)
3.1.2 The Licodong rift zone ««»terscesterermmriiiieriiititi e {49)
31,3 Magmatic rocks <+ +«+ccssesses eesasenesanesnessnensenesiasiaseunenseaessabbessaesearaseses (49)
3.1,4  Metamorphism «rresresess s iianiiaiai S bmaidaaaieear b ranan trresanrrrenanranes (50)
3.1.5 Regtonal geological evolutivnary history and important geological events  ++*++ -+ neeneenees (53)

3.2 Major ore-controlling faclors +reersesrcaraioasainiaaas PR Seramnaran g (54)
3.2 1 Toclomics ~+-eessrerrernnsrecrsmeanarancs e e e s et e ra e aennans (54)
3,2.2 Ore-bearing formations +«*+<*+ R LT Stdsetrrrrarerrrrrrararrans (55)
3.2.3 Petmgraphy and palaeageography === rrrrrrrrrer i s e ‘e (57)
3.2.4  Oro-forming SIICIITE «+++++=+ersssserasraasssasssnnserasioninnnnnes e er e e na (60)
3.2.5 Ore-forming geochemistry — sr«rs=srresr s emaas ettt ittt s (64)
3.2.6 Or\e—formjng fhuida sreermrrmrrnsrrastaasaarsauraasioatansassann e A brarEraEnaretsETsERsrRaRRaraa (73 )

3.3 Temporal and spatial distribution of ore deposits =+seroerrer i (76)
3.3.1 Magnesite deposits  <vreereees B e serrrarrarrasraes (76)
3.3.2 Talc deposits  *+crrerrerrereerreannaaaeraer et e e PO (717)
3.3.3 Baron deposils =rereerresrasreriiiaiiia, PPN P P (80)

3.4  Ore deposit types and features of typical ore deposit  sreererreerearianine. staereenees (B1)
3,4,1 Ore deposit types =+e+essesssseesesren. PSPPI e ————— (81)
3.4.2 Magnesite deposits  sereereecesr s s tiii it Chmesmrrrasrma e ( 21 )
3.4.3  Tale deposits o rrrrrersmmm i e (37)
3.4.4  Boron deposits =++seerseresaeseersnrirreeriainiantrsesas i et . (87)

3.5 Genesis and structure of the metallogenic series  -=roevrevresireeienini (91)
3.5.1 Classification of the metallogenic series — svx=rrosrsrrermerrcoiaariiii i (91 )
3.5.2 GCenesis and structure of the metallogenic series s rrrrreriia i v (gq)
3.5.3 Struetural model of the metallogenic serieg =r<x=crseseaseen Cittterrarenaras deasmaaiiaaas . ( 101)
3.5.4 Position of large and high-grade ore deposit in the metallogenic series and ore-controiling

fuctors  teee- Nimmaresaresemssssanasianis frarrerrarraerateaatanaans trbrrarrrrrneriaraatnas . ( 101 )

3.6 Resource potential of main ore commodities in the region -+«-+--=+c rerrvienrani. (105}
3.6.1 Prospecting Criteria «v= == rrrrrress e ittt Ftaaranasrenssanannans . ( 105)
3.6.2 Prosperting direction  ++--ssses. e eeneeieeaetaetrrersrrearrenreaean e (106)

Chapter 4 Late Paleozoic compound metallogenic series in the northern Guangdong
area——example form the Yuebei Basinal ore-forming zome ----+------+ (108)

4.1 Geological setting and features of major ore deposits -«rocrorrrviraenean. ERETRETRRNY (108)
4,1.1 Geological setting  +#++s=sremmcrmammamnerat ittt Sitrrrrrraeaisenaans eeees {108)
4.1.2 Geological features of the ore deposits ¢ orersmemnerraneinans frrterraeraasnataas . ( 108 )

4.2 Late Paleozoic petrography and palacogeography of the basin «+--crvene RLETERLTRED (110)

4.3 Distribution and features of the synchronous fault  «+veveeeenanns srerrrrerisiiaiis « {113)




4.4 Synsedimentary heat events of the hasin <t r-str-itrvsinrmimrairrrireriassutrsasnssnnanrs (119)

4.5 Ore-forming fluid system of the hasin +»=c+ceerserrestvmsimiti i (122)
4. 5.1 Classification of the fluid systems of the bagin «recesrrrremmnini i (122}
4.5.2 Confirmation of erupting center of mineralizing flnids in the Fankou Ph-Zn ore depesit ==+ (125)

4.6 Source of ore-forming materials in the basin  ««reereerriniin (127)
A6, 1 Sourve of ST o=+t rr = rrvtoras i ioesaeeauetaaynttonatursasrrasstasattiasaistostinnainny { 127)
4. 6.2 Source of lead «=rrrerrrerraneas B (128)
4.6.3 Source of water r-rerresriarinaiaa T T L TR (]31)

4.7 Ore-forming process and metallogenic model of stratabound deposit in the Yuehei

T W PR P (132)
4.7.1 Ore-forming process of the metallogenic series =«xextr=ssree- Arrrrarsaasaasa it (132)

4.7.2  Ore-forming process and special conditions of the Fankou ore deposit w-«=rereereesnneins (133)

4.8 Late Paleozoic compound metallogenic series in the Yuebei Basin, northern

Guangdong province ............ A bt ma T e m e ma r e m R r R e R At A s e r e ae ey ( ]36)
4, 8.1 Metallogenic series and ils model  sv= s rerm i e e (136)
4.8.2 Some features of basinal metallogenic series of late Paleozoic in Northern

Guangdong provinge *+srer-sseees b LA A il e eam e saan e trat e Rt R ia s ( 136)
Chapter 5 Structural mode] of metallogenic series =----xoveoeeieii . (139)
5.1 Material structure of metallogenic SPILES  *vmts vt tateiaannctaianaincstanassrsnarnrrnarrans [:]39)
5.2 Spatial struciure of metallogenic series »=«=-r sereerrnrmirsmieeeeaerminn e aaeraroa (142)
5.2.1 Ore-forming zonalion ==+ +=++sssssssrsressessrensaeesnersannnans OO PPRR PRI (142)
5.2.2 Minerahization nebwork st setreesaeraatnis i iiirnrnnriaiin.is Aenraseai e ety eiare s ( 145)
5.3 Temporal structures of metallogenic series +er-rseveees e, e (146)
5.3.1 Complexity of OIe-fOTINING ProCesseEs <« rr eermrsre aa sttt s e in e eneas ( 146)
5.3.2  Multistage of Ore-{DITING PIOCEEEES  »oervettrrrrrrreratiteirr s e ittt itaaaaanaas ( 148)
5.3.3 Temporal siructure type of metallogenic series rreevrerraennaaa. Ve s eaars e e ctr s (149)

5.4  Temporal and spatial position of large-superlarge ore deposit in the metallogenic
series and controlling factors  ++resreeersenrenns e e e (151)
5.4.1 Basic conditions for the formalion of large-superlarge ore deposits  *vrrrerrrerieraiienan, (151}
5.4.2  Well coupling of ore-forming factors  frrorerr e s (152)
5.4.3 Temporal and spatial position of large-superlarge ore deposit in the melallopenic series  *++ {154)
5.5 Relationships between different metallogenic series «rrvereeermserirrininiiis .. {157)
5.5.1 Relationships between different metallogenic series =+ s-vrvrrersass (CREELTERPEVEYVERVIRTY (157)
5.5.2 Superimposed metallogenic series s rrerrreserereireiiissas e, frerrrrrrararaiany { 158)
5.6 Model of metallogemnic SEries »»++=+rrersssrsrummnmmemieraeiiieretaeeseensreranrassnseenns (161)
5.6.1 Contents of melallogenic series +-«-- ettt siiararnaaaaraas . Piiterreraseaataas - (161)
5.6.2 Principles and essential of constructing model «rssvsecrnnaii (162)
5.6.3 FExamples of regional metallogenic series model  +++=rrernrrniiiae., Aemarraisiiirarrarrnans ( 164)
References - -eceeeees eereieeeas et et ar e erareans f et e r e e en et aas (165)
EDElish ADSHEACE  «+vverevrermmnnaeernaaaentrriiinssstneeeeenaeans cerr s (169)

Wl



S

—. B¥ RIFEHGLMAR

1SR MF SR, EEMFFER De Launay T 1905 E )20 82 H s8R 51 @948
A (ERICet, 1991), 1920 EA IR L P EFF=RER”, 1923 F, FUBWMILAER
“ESTTYTERY BIPHALT —3C, Wil T EF e N R R0 B By
& oL B Wb fr o

B RIS AT R R E b R R R TP RS LTk B AT
My R ET TR TRk, e E—TREP SR —MERGER, E5H., B
. A EABERA—HT EER, A —NEEINUTIR . X FHEABRRTAE,
ST TR TE, AEENEX,

T4, MUE—TEIBIRA R, ERHTIR XMW E TR NAR L, R &R
BOMEE T DAXT 3 R K #R8 . fEAT N R E A AN AT BB B RE RS — AT
SEETAIAGL, BNA R — RS, MERATIR, HRIRMYIK, BmMEEREY AR
TR, BRSO MfEA.

Kk, RE RIS TRt R o i E A R RAME ), DA E B
WA MRS S, By R S A RRIE, TR RDIRS 5 B 4 R e
o W IR TR RETSE EER R RFBIR, WLHAK B K E 4 250758 2 b f—-T
R

g 20 40 70 ERABAH S H W Ry RIS LR, REMAT i I EE
FERE AR AP S SR EER, RSB MM T KETAE, BURRE W
i, MRIGAEENLZ TR RAEAET I 2 RANSR . E&RET RFb,
FEEHRANESSRAMRERGXNET R, By =iE s nEeRE
B, RV RFIFENOEHEMEE, SELTHREERE (BREHE), #ERE, 1983, 1989;
HERS, 1991; LS, 1992; ALMEF, 1992; BRICHF, 1998 RH )., BYLRE
(1989, 1994) REWA T FEIELRBRT F=RET £ R ZFIRNETIE, BHES
(1980, 1987) BHTRY BFIEHMES, WG e, Bk, SEd, TS, TH
LA, UER—DRT RV NS RERA NN, YBEREERR,

EEA, BRI W ERERURD B0, X M. fE LRtk (1960) B4
THORS . MR, AT & O RE O 4 S R R, R BRI T 5
ERHAEG LT ERERS, L A #5559 (1978) RENERT “S9@E", s
THIEEIR, WM, ST ESERENTRAS, TAES SR . Bk
UAHE., ST EEMNE X, AN THEY ZF S KT R, TR
DB RRE R, MERHRT Z5 A, MRBRY FE. BERT RE%,



g, BT RAPHRARED T ZRAMBIT, TBE A, 5. KSR
FMEHEMNITREBRT ORI E, EAMRG RN G SEEERE E R Ry g fne m
(PR) Rpw #ifE, REBETRLEMEGR, AT ET: ERSAD RFmn (b
R & R ARFVREH s AL (RS . BRICE, 1995) (FEIHEINH X Ee
WA F5 . M-y BERISEL) (EFL5E, 1998) . (4Fdtisdt S & it & /8
VKRBT RFSEEY (FRRTFE, 1998); HARRMBANCHERET RFTEA (PE-
AT R R RIS (B TIRSE, 2002); 1A AT RBIE RS #A3
TEA (PR JOLITRR S K- R A M BB AR) (SR AZE, 1999) RE
A X FHLEHR TR E R RS ST TR TSRS, WS T B ARE, FHBRRT
BEEMEELR, Flin (RdeE RS RAWR RET B3 Ly #a0) (EEE%E, 199),
(RFEFET R RY) (OENE, 1996), (BEITE IR T KRS £250)
(BEHRBIS, 1996) %,

R RAVNGEERTE, BRAES (1996) 1 (AT AZFHR) —6, BESR
HBiER T IR AP OISR BIC AN . BREIAT (1998) RUX o [ i X SR A BF 9T Sy Bkt
WA T (HERERIRE RINBHEY &,

SRAK, REERY ASIPIRTRERR, BRNE, JnTRERERZEHRETN ., &
HAEFET AT P REOCAL b, AT EAREUEZE TR /5 EGHE Sy, FEm
SRR RIVE RS AR IE BT TE, DRRA NI RAIRTE R A . EhER.
BRG], BR AR RS 75 AT BRI 4075 B

—. TEHRES. REABRBERELE

AL (EHRY RZFNATE RIS (KL 4-1-5) {08AIR BB R+
TR REARES, ERADITIUM RN R BT RALE AN RS RHE, B Re A5
shp R, AT SR8, AR B AR R R A S B F 85T
HE o

(—) H#R{ES

1) PIRBMHEZERT RINAERFRHIE - EEE, SRENHET RER L
AREAEGAR, MRSRBG M S RAREAR, B Ry R Mg,

2) ERUBEIREAKERE F5 . HHESBERT RAME SRR R, DAL
A6, MPEiTERER. BRER., Ry M=y Rsl; HFRETSEEBELK
f, TR BRI PG R B KRR, KRBT HTEEE, VRIS
WGBS HRIR

() EFEZAR ZR 3R

Z A LEER AR R AEET . WRAK R B Mt 6 71, Moo
HRIBURMME I B 0, AT 8. 8. . 2. 8. REFTRERE, B
T ERACAREMSRIUK IR BAISHK, ERERT BP e, my
FMFEH, TFE, RENHRNERE ST,

2 .




BH SRR AR EMERATT ERS A5, 8. WSy T=wRiEsy, &
RECHEERERLSHET 75, SEAAEYTRILEOFEARE, BT KES
L ERRARL, R RARER

HARNET RZFIREWA (UL B RFINENES, BHEERRRT KAE
RMH R, BHTRERBEMEDNESR, ZREmERS, EARRT RZAES I,
Btk A UM SRR R R E & R R A AN, A2 RE-
HAEIR, Eib, SERREFEARIF SR D TSR KA Ex .

HWRAFRI, ER-PRRT RF. Jal-BAk By R 5 S0 A BEEAILBRER
B, METCAERARIE, SREMES (1996) FHH (B RAHIEY R
B, AEAESREE

(=) BFRAE

D) MR RIIRRET M, FREAMREFRALTWEMER, WREV HEE-SE
B A—PERIRIN .

2) BrEIRE RIS T, 40 RERIEITEZE A . oE ., WEALRASE DA% R
pracestish

3) BFFAA RO MEASFRTE, RV LRESTENEE.

4) PIARFHE . Ra5OET R E, BRI EHUK TIEURT R 50058 BN T 45 4y
FFIE

5) PIRAEHT KRG HER, IRIE T EANREESRE RS BFE R
D1 SRS AL o

6) PABJEEu X & RO R, PR BME & R R M TE IR ARG S s
FHIF

() BERFRLR

1) B R IR R ARER © vh I O S M B PR R R R ) IR
HULH RSy, HARSF B L EE IR RIS AR, BETRy 25 R E
R RS, HATR . LIRSS . BB LRSS, LR E-RE-R
WOAESE, LIRS, RER ., BT LE. B AR RRNE, IRAEERY &
FUEYTE BUS MM = 5548, R A R FUTE BN S3 A BE

2) DISREHFAE, malsE., WM AT AMBE, 7/, IRy BEMmIRL
FIOR, SHUEABRET T, ST I, Fe, BT e NS IR R B AT
W TAE, QFRET Y. TEMER W ERX R

3) RAREESE W, ERABARY RN, EE5ENIRA—RRT R
FIHI LR o

4) D TAELATH, B, . BEEERES, HE>™. #. & HNEIE,
TR B B AT AR A R A 38 Wi

5y MEBRSHXTHEMUNEEE1E, ML, 50 A %E K.,



=. TRAIERR. %505 TIEMH

TR EME ., EHER., AT, Z8F. B8, XBE, PR, BAhASRE,
HERMPOGTAR P TIHRIE. TEGPFmHT, —FEENELT KNy R NS
WM E TR, SFFRIVKKARAMN ., EMN . HAR,; IT0IRaH., SRE. F
T BARRFLO, REW . R RRITT R R E L. L, £RLFETIK. 5
— 716 TAFRX E AT IR IR AN FT AR TE S | AT SERARRR .. MR a5
o AT HESMEREY ZFEN L, SHH F% N AT 2001 49 A ltrEEtmES
MAZT B0 I8, SRIOTRAES-MT R, KTIRA, BEFRELNSE—
A

B BB TAESS, BRI, nEER., SSEGA L0 RO, BEET X LT,

SRR ENARLTENRT AL F—5: ik, T8, Fo%, 2ER; $=
B PRAME. #oulh; sElm RO BREEE. %, BEE B4, BE. &P
RERE, BRSLE, TRTR-SETR,

BRI AR AL B 5 5 ABRGN B 1= Fn 0 E 7045 B E R 08— 4 F AT
JLRIBE TiF & B F AR ARA TP RIRAGH EZ. SRR, #EE AT Ei
RS (50 MIMBEREZESHIRELE ., Rt 211 WE” AR5 GHEES
W TR TAE L T A RIS, 7RI —F R .

FERFEMEA AR, FRK, X ERSR B, BAEM. A0
BlERsr . 5IHT —Ledh By AR RN RR ., B —FFRHIIZRRER, B R
ABERLAET PRIERIT ZE LR R], RIEMNHETFENE— Mt my
PUBERL, AT AT REE AR TE M LIS ERR . MR AR BRI S E AT IR, RS
EEFFRE, PEM. #EW 21 IR) VEZARB¥EEE (AESEemH
40234051) HI¥EMIRIZHRF, EM—HFRE LB

M., EE#RMIAR
TR EE I RFNA I
(—) SRR A2 By R

TERETAREM E, @i =FE00F5E T, TR R R 83| M
BEE THPAK, FEFLTILA:

1) M TIORRERA ., FAMREGHS, FRINIERESNIINELET AT
HERBREL AT R T AR, TR —EiE,

2) WiRET R AP RIS TR K, LRW ISR RS
BT B RFAT I, MUK, SHIEz1%, K, BEAENEEEARZRY
RN FHEARS 5§ 3 TRIE

SHALEEBERT RFAE, TAWEESBRT ZAT EKBREL, FREIER
%, HEEAMEME A, SMRIMRESY SET RIS EREL, KRN
F A A S AR L R AT .

4




3) REAREVUR-ZRPIREGE R BT RS4RI 8, ExTENESRT #
PIEERL, ¥PSMAERN, B0 B 5 RBEREA, XMZVFEYRY WLy, 7855
By REBAROTE, RETHEARNNEBER. 4800E MR PR ST 1
T, R TICAREET R LR R VIR A . TN A5 PRI B 68 TR Bk M kh 5 1 5 2y
HE- AR AR

4) HEWATR, FIULIARET IRY LFHME, *HIRED R -Jii-phas-5 1k
P BT FASMESEIE, ARIIARMWT RN, T, ESE SRR, kil
-REFE IR P R, KB FRMEET R (k) BeEEE,

5) RILEWEEAR £ W R Y FIRRERIPE T b — 29, SR T RIRAE . et bk
R, RS, BT AN ERT, Wy TREMERTH. KliEgmm
PARTTRR, RIS 3 e K AR R s ) R =

(=) BitaiidokiniiL & RRy 25

AN AR R HE - B TR P MR S, TEME BN E S0, B
R AT R R AR B I e LU 22 4 N S e B AL RRAE o B 20 38 oy 2 oS el e T i
Rt dhk. ey AU 2 R SV R P8 R R A MR T s, b i rh o
4 TP RSN — - E TR K LSS R B R Rk S S
HEUEREA, NIRRT SR FUXHER AR AL . HEPORFRREHE
FMARRE, #TRAELN . AOMLACESEENM. 9. 1. B S, ey
PRI AT PR R R B PN G, R A 208 R PR TR AR AT R A R, T AR RS
ARSI TN, BUSLL T HRE .

1) A aE R, 8 KT, SR, R ZRRIRE ST, BN E
EEWRERGN 4 MTFREEIR, WOF-B RN BRI MRS EEfEiE
W—aiF, B EUE IR A EEIR S 0 B A SR K, RO S R S ik B
4 @QBRAKMFMNEAT RIS HKTMARL: REELD W, RIEWSE-REH
O TR ORI R OUMTRENIES RS, LT RGN, &
WisBI BRI SLAE R, MR R IR T IR DU g R R0 L 5 B 0l T e 45 11
HUHZRK R K ;. @ — LA E Ik R 2, BB SRS Rl
WET, ARERROTHEENMERTBAMBISARRSEA, FEEROEEED
2 DX FHEAL X 2 1) o

2} XBAC A AR - R T AR A TTTE, Wb HBlER
MABLEZTTREBEIT R GERAMEHESN ST YREQERITRSE S
L), RHAERN OB RAFE AR RIRAL T HaKIE,

3) BALE A MR ETT IR THEBMBR AL ST LB TTIEE 2 b, 4R
H%M#ﬁ&%%ﬁﬁ@ﬁ%L%ﬁ@ﬁ%ﬁﬁ%ﬁﬁ%ﬁ,E%ﬁﬂ?ﬁ%ﬁﬁ%@ﬁ
ARG EREA RS RGBS MR RN TR,

4) ZFamttiREN, KZUBEED B 5ERALTTRIERRE B SRS mERE
K, FLOSHEERAT IR SRR R OB A 38, 404 BT 1 5 4 B R A
TEAE %,

5




5) TEXTEIbAHEA S MR KRB AN ERNER L, S0y HRERSE., &
BARS. IARGELEAEXR, REBERTFIBETEREERZTERET IES
HA R, QF=1e" &5 OmE &R N-BRT &5 (F4a40. A
ORKEWFG Cu-PbZn-Fe F ) ; QMUMER-PERT RF (CREIWWMHLR AR Mo
T, BRER W-Mo M%) ; GERFAMMKRY S3LNE K BGEM R IR £5] (KE
WA LB AR SR ) o BB TS JEE3 Pb, Zn, S, Co BE&EE A RY R KK
FAERY,

(=) BIBOKBHRITHE Pb-Zn-Cu-Au-S 7" &%)

AR R -E R IL T W ST R, B8R, W AT KRR FE
Bl L, BABER T KILTESL, R4S AT fEREM, 9K TRIL SEDEX 447"
RIAWTFMZERITERH, TEERGH.

1) FEARFINH RPN TR KEER)E, R ERIERED
TR SR AR T AR RIS T MBS R R A A M ge 2, B b
R PR MBI KA KR EEPET B TS0, RO KL S0 8 HE A R
RACT U SRR, DL R B EST R A S8 0 IR BN K -k I
FRELH B AR TR

2) AR LD -E R IR BT TR) A T B T SR B RS LR B FE PR A T IR AT ST,
BRI 2T ShFE, ARSI S XIESXRED. FAEREPE,
THEIFRE . HENEINZERZERT RARMER A FARTASNEERE, Aot,
BRI (8] RUBE B (R AE ST D™ AL A0 R BB sl A A R B s I E AL

3) S5 ESFZRE NI, WNIRIL-ERER LT A R deekiE . Hdedr
IMREFT REERZ . KETE Cu-PbZnS TRIE TN H, WHHEP SR, HITER,
TR, SRR RERHESEE R e, RS R AR R LU
HIKBEHITH Cu-Ph-Zn-Au-S S RF P B — R, I X TR L SEDEX B w5
FIB T A B TEE

QU RSl ey i ki

1) FRAR RIS RMEER L, BEFRADN TR ZA AL
YIPTIEHg . ERIESH I M AE T, RSN A RFI R B, BREr: . nRuEE. Tk
e PR, RSRIR. SR, BhBIiE. BAMERME, IR T E ALK SR i R

2) WEBEHRY FIN PP IREBENCHRIAE R, gm0 BRS; OB
RALGEBRA; QRE IFREMH; QEWEART; QWP TARE. H, B4
ik L

3) ZEKEY FAERT R SRR TR, AFEORKEEAT R (W
—RETIREAE IR REF) ; QEERFE (kLS KRR, HBmRa
BUCHBIRRTE, B8 RN M2KEXN, BHEEY); QR (gAY
FEILE Ni-Cu BeT IR, ZFHERE, SR ROE); @SERERD 8 (Wgen
S0, FREEEETEMA, TROBFTANERNTRMBLRL) ; OXBBHI
6




CHE R — B G F) 2 FIRIG KLESBSE . 41 Finsch I Kimberly 5 FREG QA G T AT 31
(LRI T B, T AR B T 7 2 1. 2 24 BB 10 K L1 388 5 o ) 2
B

4) MEEELSEATHE, R HE (AEERT R, Wik, fROGHELES.
FOTWES . RGN B . BT R R . R L A B B AR
FEAMEE) 09 RIS R B 35 ok A8 K BB PR T B0 L T e o AR AU
LA 1 # L FE RSB0, TR LA PR K RN ST RT 8, £
A 7 F— S (R B B 2 th TR A TR AT R BB A K

5) VISR RAIE TEATE F LR R : DRBEXR; Of4EXR; OUE
LR QRUFEXER; OREAXLENOBMEALE, HIURT BIELER Y
DRSS AR R B B —,

6) WMET A RIEATAMNEEMNE, HI0E R RIUL R0 B R TS
A, PUST KT T o X A9 R R TR BT .

EARTRAE EERIELAPSNE (2000 ~2003 4F) BUEH, 152004 4 LI 3K
BB R BT RERB A, RAIE R R A T, R,




a5 RS Y &R S
PAAR s -3 R B oLy BB A

F-F ERNMAMNEREREELS AT HE

WL-HRFE (IR EUK B D R 5 T RILRE R P %, ERSH =5 MR
bR OGGR, R T T AT K R TR R L R LK, PR AR T
REN ., BECMTARSRT-ERRT R, T8 R ERAREZFRARZEED 3
WBITIZHIRTE, AW Lo H A RN ROKR S 225, #hHE T AR
T, BT H PRI L.

—. RERIERIEREL

To IR, TR MR R A — bk, 7odEdb ol S A X s e R . A
WL TR RIT. B . DY MR I R R S, L SR
HEIRAR BTN THEF RIS (SR ) . ML S pATH A0 P 52 1 v P B0 A0 AR -
BRI (BT 2 (B 2-1), HAEXBURE PR T — ZF0MT, S,
Isf R A ] A R SR IKT R i o T E o A = SR miE U 4% 2 o e T 4% LTV A R 7= M i L Ak 335 T,
BRI A ILETR R T ARES , FEASRERUMK, % E 2000 A ENTHEE
CRAWHE . W ICRT REE A Y W RIREILE W, el o R R I,
A B. Mg 0 R EE. MAETEHRRI-ERRIL RGN, W84 ss
(B DU, TR T LL Ph-Zn-Fe-Cu B Ay = A% MEHOK BEHUR T 4.

=L RIN-ERFILEER T ETEE

RIL-ER B L RHEM R PRk G LR RUETEHIE (B 2-2) WETERTS,
EFRRLME ATEE N, RIEERERRLMIR . 58 00 E A BH - 5355 I 3 7
RHE BRI BT & L P BOgh B K BUR =48, IR LAbs8paRs (b3 . ]
WIEMEHTRE (i) FIEZLGRE (B .

AERILK , HEH2UILRERE, IATVERTZE®R/ARIL (ASSE) AR,
R ARSI AT 55 0 Z S RO IR BRI R, 5T I R O L5 Y AR 7 R A
BRL 400 km, FE 30 ~50 km (FH2-3), HEgHCHME0 KAWL,

= BRU-BRFURBENTRER

RUL-BURER RGO AR LR RERN (TA/%, 1992), E1%
8




B 21 PIERFER LN W
(BTN, 1086, E E 25503, 1983)
I B—dgie st B —FPRENRGE, 1B, —8IIkE, 1B, —Ri¥EE, IB,—FirEihLe,
0B, —REI RS .. TD—2AH T, | — ISR, 2— AR HEEH,; 3—A R

(1981) BWIRIUHR ARELS A ERDERE, iR SHH ., AnisEHE ., HX
4], ARETERER., IR IR - 2 Z8 o (X i o oy 4 A 2 R O S 4
W CREERER) . G (SRASFH LKL RS E-HRa i) SR T

AR A AR R AR BYHIE, TR FHING . 7500 LIRS AR R S5

1) R PORMEA A THREMN (MY FREASANRNSHREHE), 5%
HElEFINE., BINGE, ARERIFRERVEBREZBHEAR S, BEGRAEHFS.
HESHYTZERE, HFHF L LENERSSEABRKIRRE SR SR80 (&
&, 1981), BEEANY FHRESG SR T HE 0.

2) WINTEFEEAERHENS (AMEEEASRMBNESR) UEAEERERFER
WERBAMNARE, R OBRRANRNSEEFBKANGE. BUAL S R K L E N
X, FOBEERITUAS R XIS, MY FARSEHPBHEMZ BB

3} MRINZS R A EIRIEAT (BNEBRLE AFRERA O O 4) RUBRRTRE. B
HHEEEERE, ROEREANE. BEAULRBBE. BPEBERE, HYTH
g BRI (ERVRSE, 1993),

bR L R AR P A A Sm-Nd R R LR 2-1, SRBJEREEE D 2735 Ma, T[4
FHIEAFER, BTFFHAGHMR. HArER L g RIREIZ T 2800 Ma fIHLRME, HAEMR
P EAT RS IR 4T 3108, 3 Ma U2 Rb-Sr 4F#S. ZESFIIL. AT IR Kl fE

9




o P jmﬂﬂ e :
HI“ -1 £ e f*‘ﬂ L |31 B '}
::_‘1%_;'!5% 1% |||§‘ I “ﬂlllll TH
b - | | ol Frs g v
HH ! A LB EEAEEARGEE RS AERE S } T T

A2-2 AjemidhBAEER (B0 RiasE
(HETEHESE, 1992)
[-1-2—@iaihse, SRERK; -3 FERAE, T-1—2RBE LG,
I-2—pmWEAEAR: T-1—8704 - BARBEN; T-2—Hkd - B,

IV — It 45 1 SRR
——
/.—"'
Jﬁﬁz/ﬂ %
A s al I/’<\UJ 23 by
'é@z/-'"—%?ﬁﬁﬁﬁ
’u'.?.-%‘gﬂ“‘:-. —/ 5 3
/\\_\‘ L
:F_ﬁ ‘ = K]
. ) gjﬁﬁ ——— e — — NS
K o R
N R i35}
£ A
A A’
Nw SE
hh === = B B=s
5 S N\ I

B 2-3 P PR K A -8 A U3
(Fel{fEsE, 1984, &0
1—RMAE; 2—pMihads: 3—DRE8, 4 - BEHRGE; 5Ok 6—HMETFER (m)

10




em e R, 36 EL ARG S R L - B A, DO AR PR LR 2

Bl F R R AT R BT, AL BT @B, WRERSE Kroner FHSINGRE TR R

TR A . TRl AR A T AR BRI RS R TR AR o
#2-1 ASFHBLUEETFESRLS Sm, Nd BF{ERARK

" 5 FrEVE 5 S (1075 I Nd {107%) | WEm NG | YW NdA NG mﬁiﬁ?
89-1 BN | WERENE | 0.363 6.215 [ 0.084019 | 0.S11586 | 1835.36
94045 | HIVE | MEPHOMHRE | 6399 | 46.910 s 0.081721 | 0.510690 | 2826.65
7298 | MARKEN | BEMNKIREE | 4. 657 ) 20. 677 ] 0136202 | 0.511617 | 3000.12
90-14-23 R E ﬂ%%ﬁi’:ﬁﬁﬁf&i 5.591 ] 21. 855 ] 0. 154715 0.512019 2910, 56
. T ERERI BN R UT R R, (EEME, 1951)
AR TTCEEMHMIER, Wi T WA NER, LS5 Tl dusisdE (LAWK
2 1993),

THEL (1992) W4d . BUl-B/RRILMEE (38) HREEERREHETE.
SRANEARTL S TR FRE B, BENmEnEe. e, ENMEA. Ak
A4S A B RO AR PO, WD R A MR IR — BRIk R (AR
B)U . “ERHRERRT . S TEREMET = 0n (E2-2), BRI AR
WHRAERIA YT 158 e o™ GRATTiE .

M. R-ERELFHBEOERNER

KirdiRl, AEEs (SRS HLEs)) (2500 Ma = — XX B4 ME S W FE
REfh T FZERANERGRMAABIUER ., 2K, 2A%%. BE. B
RIS 2 I 1 5% TR RTINS, B TR, TR LUE R T A
ERLRBTR AR R . JUEH RERN A, SRR RREKT, BRES R, L
FHEA R — R, iR AT ERSR TR, BRME. hxir U EEE
KAR, BERREATHEEE (BE), MmABRERE, ANEF &XF, 5 F,%E8X
W TR T LR EAR. REF R E AR (GEand) HeRE (F2-3),
H i\ FRIEEZE A —E, FRRKAMBUEENERSA— (ERMTER).
FEAN B K A4 AR AR 2 B IR E RO, AR R LB AR R IR EER P X — B8
WTAREAR—, FrEt iy Y R B L AR . 3O S 2528 5 B &1 IR R T s ol
(B#) (E2-3), FEXESHPIETRIME., RED ., BEHT. PEEF-FIX
B-FERE Zn, Pb, Cu, Fe ZLRMBACHT IR, HAAEIH & 0505 BrE 2 iy oK B -
TR 7

. RU-BRFLUREENRARBEESRAHRE

(—) &7 (k) PIRZEFEE

ST AREE, FE BB s T U AU S -TL B R et © (1 2-
11




3), RU-FEARRUHENE (&) BMTRE. kUK, BESPRIEx g TikE,
DRSS B TFHUER A ER RS (LS . SR . RO TIR (FER UL
W, EAEBRERE ARSI NS, SEOEIR QLRSS (&) RIS T A
)y, BEEXRIT. WM.

DRI Bk WiEEe, FETIIHEELZEY. THREN, = ESN, A
TR TRIDEE (PrLs) . ¥/RFINEE (PuZe) BiREG (Kb) JLAASRERE. BI&
SRR, FEFEBRFEIL W EEA PO RILEE 5 R4S LIS IEE RN
AR, AP ER ORI R 2 BB Z RIS B, B E
EARRL R

1. IR

W AR L AR B AR I AR L R . JER, HRRES . JRBRET A .

1) MULAEMHFESE-BE 2L BHACY Y TH;

2) RIEIMBARTHH-RE D ESRBAYRY EE (B 2-3),

(1) BAEENEFTH®

WRIFEAE R ILBE AR AXAT . OURE A RME; OF MG KBEk, @F
Head; QR&E; OAEERE; ORAEE; OBRRARDEEYS; @BENTER;
QFHTR. FEAONEEHIETHNT .

HzAXkBEEHE )

SOERK, HK. KA. RE., BRONEKS, TTHASE (BE—EEE,
FEHILAK, SR50% ~95% RE) S, RAOHE. A=, B8, 1, B4
%ﬁﬁﬁw%ﬁﬁwﬁﬁawﬁﬁwxﬁﬁ%ﬁ\Eﬁﬁxﬁﬁﬁ,ﬁﬁa oA, 1
BWiein ., KA. &40, Sk, KOS, BAgEAS REEH ., BuRel ., 24
(FF-B. #-20) B, SERBRR. F90R. S8RNE (ESEKE. B8
fn A=A KBS P ROGANRIRAZ T KSR GEERR) .,

HEBSAMEMST: Ca0 =20.30% ~28.96% , MgO =11.23% ~19.42% , CO, =
22.31% ~44.18% , Si0, =2.52% ~25.86% , Mg0/Ca0 =0.55 ~0.72, LA H/EFED
5, SEWIMNEZRAZ SIS B

WHERET RGNS EER, Tl OsOAEY. SEREHSA AL, 45
FRARRHHNEOREE. REASHEZAKREYE, SASHASH MY, SANE
(MRS XA, SHATAZARIE. SMEEASE R SRR 7 o8

EIEAAFEZERBE A, %E%ﬁi2~ BT

FRAKREEK

FAAMFERORELEMHEL, £RRIK., RO, BRE, BHEHOE, SKHE,
TERINILMER E—H, ABEOEREE, TRABEN0.2 ~0.4 mm; 1ER B0 %
Fa—H, AREOHEREE, FROBER0.1~0.3 mm, HRGEEHM 0% ~98% &
F O AHELEAYE. B, A0, SEEA. BENE. 2F. A58%, METY
ABKAD . BHRYE, SOER RS RER. SulkmiE, 24 () RUESR
AR RS

HEZBGFEBSE: Ca0 =24.51% ~43.41% , Si0, = 10. 68% ~31.87% , MgO =

12




2.03% ~7.90% , MgO/Ca0 =0.059 ~0279, X Fpfb2 A4 5 - P AR W &, )
bk A m KA M AR B AR R

HERBYYHEERE, RBEETAA Y. KME . S a s, SEgia
KBS (f=RE0EESAERDILMHERE ). TAXES, SRRRE
A, SASARBESEE (FEMWSOEEMEIRLFEMARAE W) .

AMBFFEERUB T, HSERK, BARESI &,

THs 2k

HOREREE ., KR, KEM, GRELZERE, TEAAR. B, RE. a%%F
R, WHEBE., SiRA. RS . B8, B . gy . R¥RLafsra, B
HEBKA . 850, S8, BEy . 805, ZHNRBEL EREN. BEERE
SRS ERAE IR BT L A5, B AR BRI FER PR G .

Hpm s a e es s, Si0, =54.91% ~67.40% , ALO, =12.68% ~21.49% , MgO =
1.19% ~3.16% , K,0=2.62% ~8.90% , Na,0=0.03% ~0.47%,

HEE, WETMEENER, Wi—FH04: ®RATHEE . RESsTHEE . B2
BT, SaBRTHE . BEaGRAaNTHE. RS8BT EESESEA.

FREATFEFHRILTF L, RFEELHT—, RIMRE TGS F.

Fad

HABER, K. KL, KA., Ket, FEHERRE. mEEK, RAGEE.
FiRa . #fikAG. kA, AalTa, aALREB=8. BEY . kKR (A8) fME
+E., ARG, WG, BEA. BRA. WED . MEET %, BE (4R A
TERREER . D RESEMR. TR SR A ERILREN, ZNARWE, AAERN(C
(5l ik,

R AL R4y, S0, =38.31% ~65.58% , AlLO, =14.51% ~21.49% , K,O
= 0.48% ~9.06% , MgO =0.01% ~8.48% , FeQ =1.79% ~ 10.40% , Na,O =0.05%
~4,30% ,

KED PHENAR, Thk: BaBRE. BB RRE. aiBEsERA. &
BRBiBREmOER T wRTHR S, S _csaxhs. aa a8 (M)
Fa. AfiFa_z8RE. WERAZZEARRE. BBaEPkAS. KRR
H. BWAKGRAE SR EWER SESEN.

AAAEGFEREARLEMNE—, B=25E, LB _dFEimad g, fERISLm
HBEHEL—, ST _cHRFEEV EZHNEETHRES. Bo80REA AR FEERR
FEA. MERLEME R N—kEO—F, ARG F3.

I Ak ~

HAEREKRE. A, REKA, ERUCAERAEREE, TREHAR4ER (8
HT5% ~98% ), WAhAKEL. i@, HALEREZE., OB E#HKG. B,
fLER . BET ., ZRHERTIREN, FILE ER—EARI R, bR (8R) 2
& . EERPCREE, BEFEAERFTREE., TR HEMAE.

HETAALEIRAFFER

1) MOHe & o s m e, S0, =67.72% ~88.05% , ALQ, =0.29% ~

13




9.42% , Fe,0, =0.66% ~6.17% , FeO =1.80% ~9.07% , Ca0 =0.13% ~2. 66% ;

2) AEHINEHEEZ, S0, =92.28% ~96.26% , ALO, =1.13% ~2.58%, Fe,0, =
0.35% ~0.88% , FeO =0.42% ~1.10% , Ca0 =0.13% ~1.08% , K,0=0.64% ~0.838% ,

BHTYRS . BESHENAR, WRaN. A%a. (F) REeA¥ks. (F)
Braha. (%) RBoAxs, RAaxs, FITAXEEST.

FXREAZMVUT R EREREZ—, Rilisg, LI =2 4574 b 2 a4 2.
HAMERINAE MR — TR TS adl, BFESTH02Z—.

BEE¥E

FAHEBRRE, WKE, YOVRBGE ., RK—RKE. K WaUReT s awmm. &
GRRREERRE (RO, #HKE) 5EE, REFEASBRE, EA4ESR. &
AR AIER ARk E, A, ok, SaHieH P 0R A MMERK A,
AL mARA. MR, MEOS%. BAEROREER A ME . SRR A A AR
Forth, AR-EBEIR. A R-IRERRARE .

HEBEFRSTRN . Si0, =64.94% ~68.63% , Al,0, =14.40% ~ 14.68% , FeO
=2.68% ~4.05% , Na,0 =3.37% ~3.83%, K,0 =3.20% ~4.18% , MgO = 1.58%
~1.63%,

WHFYHS . R SRERE BEER, ok (K. #K) ARIEE
wiRaa. (AR, #K) ARRSE. RKEABREZKTRESS. KERKERHRESS
Fefio

BERBRBUBHEESAREZ — FIRRL MR LRSS — S E T,
AETE, ERLICMES RN HE.

RAET TR S

FEOASMURLMUBRE S A RS, BRE. K. HFKE, EEHRamk
. ARAR, KARTE, AG0ERZE. Ax®. BLAEHE. FROMmEs
A WS, BERO%. AR (8EF) RESW., TRBREGH, ZRRREE,
R s A

HEBFEBRN: UFHFRKAG, B8R EMEA, HIASERMHER K0 &;
WMRA. GIRAEE, KAALFERSHR Na,O &, BERE-TME2-3,

WEFT DAL GER], LR GREMRIREE . ARMKTERE . SNEH KSR
HEARM,

BFH®RANREE

S0 EFRE, BERR, hAaRa. SEWRNG . By, flkn. aETa. 5%
SR KHETYHEHRE, AR FFER .

1) MBS RINAE : WWASRAIAG + BT + RS + 3%

2) ARERINTGE: VIEEAAETA + BHRINE + 8T + T,

3 P g R A RDR TR R L E &2 B R,

MEELE, BTZ2E, MUBHHEEERD (FET W) BEESE (PHE.
BE) - (ST RBRIER (RARGIE. BRESESAUE. BRAKE. X
WERSME) — CFEF 8 WBEL (BRAaXes. BOBOTE).
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(2) ApfRARpEE

RIS G AR R L HEE, AR R — S RE SRS A,
AR AR R, RS R, ERESLH T R LMk ER, TRATESM
FA TS, FUATE SR B 2 S DI 8 E R Suus i s 2 8RR,

(3) JBRHT{E

MUENRMG RS RokE, RIUEE (5R) PEHEERELD, @REHA
BT WE _RAEIF4MT T ey (FET . NS, BEEE . 59
F B TR o 2 00 47 i

BT (CGBa) HMSESTRE . EHRAMT RN WL P —2 4 ot s Bk
A A U-Ph 4FH4 2400 Ma, 3CRYIREERS &4 BN, FURILTEIE AT 2400 Ma
(e TR L R B S A T T AT 8 2735 Ma) , TEARILABMNES =B 40 2t v ik B (]
RS G A, M43 U-Pb 4% 028 Ma (ZEJEJIES, 1986), Mo, Z#EXBRINEH,
SRICESE (1983) MAEMR AL WIS —E 413 14 Rb-Sr F it 48 5248 1198 Ma, g%
(1992} WIERAR LA B EEE R 1B Sm-Nd 5] i BEFITERAE NS 1491 Ma, A WIFITH]
AR FF R — A M O DA RS Sm-Nd F IR0 R 1805 Ma (IMRIZE, 1997); %

1 —F 22 BT R B 2R Y Sm-Nd SF 0T R AF % 1824 Ma, P IGHIFCAES 2058 Ma (IR,
1998, 1999,

WD SV A8 GRAERAESER R HNERERSESL 900 ~ 1900 Ma, Hrpw
HOFXEE, BRSO RPES, RAETXAWSET &2 E (K%, 1986;
G L, 1992, T, 1992)

(4) &WHHLE

BILBESE S, HREBEFEEN Za, Pb, Cu, Fe b WK, (Eixsby ™
MWEFEBR _EAP, B—EHEANFE ZHEHTBREST ., 26 EEHNETR. RE
., BE T RN S0 AR 8 AR = B — e e, BAT i
BHEY “JREET. BT R e

2. ERELEF

(1) BadE

ATZEE, MRBFLUHOFEEREDER (REPH) BBEE (DRE. B E
%’&ﬁ%?ﬁkmh—kf) (FH R BREREh 22 (AN AaIE. BiY E%ﬁiﬁﬂ};@:@éﬂé
Faf) — (AET R BBEE (EFRN¥EesE, RO RDHE), SRUENER
BB, BENENRESY SHPHLCEATRABRERNTER VLALE, B
%E%Emﬂff'ﬁﬂﬁ@;ri:mﬁ%ﬁ%ﬁﬁ (RS FROSE—A4) WE_ABh, BERAT

Atk AR EE- S E o ER R LS RE (FHEZ, 1992),

(2) JEREETH

WCHES (1992) BYBFSY, ST ILTEM B0 A 1600 ~ 1950 Ma, HFH{E (1986)
MIASBT AT £ 201 U-Pb 24224 1516 ~ 1612 Ma, EHTCHE (1994) AR REBRRENIE R
A 1450 ~ 1900 Ma, S| B HIMAK IR EH Y,

(3) AEBfear

i R I A B K AU M B R, SR A R AAH . ﬁ%ﬁﬁalﬁﬂa#ﬁﬁﬁﬁﬁ
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TRAES, HEFSHRMAHMEN, SRIVFMENBEMRL,

(4) HFIFHL

HAFILREFOERE EEW Pb, Zo, BT EFSTHE, SMNMRAERN SEE
H—EREET, BEIETERAARIRFIM AR, IWFWEFAR Zn, Pb, Fe RILYIT K.

(=) FAKE

RILGERE RN TRIME A T 2wilitEs), RS mMiARESZ TR
S5W%iE, 54 BUET. Hit, RATREAAE TR0, MRk A A4l
BHGER E, BRNEEBITET ST, S A AESIRICAIFIESEERL, AT
MR E RS . oH L R KRR — LSS, KEBSRE%.

BT P02 AT EL T R S S R RS R R E R B S A EE
RIS . BEREEANGAIR, IRERFE, BHUTFEALE.

1) RIS SRR AN IR ER E A28 . BB ILALEE, Wk IR IR AS AT
KILE. BERAFRE, HEXNNEBSEBSE.

2) EARFINBH RS FEEGHIIINEER S S . MR B S, BAIRSENREK
JRUTRE .

Ny RU-BRFURBENEEDRSFHRE B

I AL R et B 2 BT AR AR (L B RN SRR IL S AR BT FE, & amem
HIAZ FRIgAE K L AR A W R S P M B RRE , T LUBLE UL AR 38 L B 2 57 T LA
FTHREEMRGERRIFSE (FHELEER)

HBEERETRELANE: KiE (MHAZEH, 242800 ~2500 Ma)
PAEMEIR AR , RIS L R A A T e (e AT S L A
RTAFRMERE RUR) HR.

EREAERNE: KiEH (AE23), #2500 Ma)

RI-EARFILHEE RS (JRBKR) RAEENDE., K, S8,
. BRI A . AR BT ERN 0TI, Sareems, #iikR
VAR TR 7 17128 2R AR Wi 2L FRE 4K 5 o

!

RIS AR : Wi/t (£92500 ~ 1800 Ma)

BYEEVERIDESS, IPEELAE AN, WS ShIIR], IE R R M — 5 R
e, Wi LMD EMART R, R, TR 1 2 R A ST
TEREHATE R T 2K BTG
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!

HIEEI M- MR BB Pl (291800 ~1000 Ma)

PLARIEHSREIEEAT, HOCRETRE TR, HPER A — R[] 4 B 24 05 30 R iR K
WA . FRBEA— . DRERSYEAIFRRA RS, XA BEFEHNE KK
WGP, RFUH-UUR, B8 Zn, Pb, Cu, Fe AL BRI RA,

|

HEEXIF, BT, EREMUEMER . FooarR—sd N

HEAFTTE, Tk fERZEEs, MBERSER, RBERITNT. EFTE
A AN, SRR RS L= A RS, TEEEEE R, T —4E
7, KEERAERLE, BRTXEBEENERS.

FH FEZETEE

S RGEMFETIA, BL-BRBILET BAMNRTIE, RED, BES. HES
FURAEA SR T, T R IR . BITMIBRZ A R ST E
(R MR, VIR A R A, RANRME A L ES . R’
THPORE, BOKMRRRMEZTRES) AHA,

—. WY i

(—) Bha 7 o A B 55 PR 5%

1. #ibtER

DR AUE R O BRI 5T 2200, AR L -7 AR 28 Ll AR B 3 4% sl BRER 7= 1 T
RIL-HE RN BAE N =R EE F L R B MG (B 2-3), BTSN E
WY, SRS RS S EEERAENER Cal) BE, DLREEHNEE (Jl)
TERSHERETE (B8) XFNTREREDR, K (18 BEUXIEEET,
E&uEtk. Wi, HAE WX HE, AR L TR A E RN SR
TEE EWLETH. FHELESLES VST (BRBE, 1991; P, 1985,
HMET &, 1991; 55X, 1980; PRAGH 2, 1980; Hochstaedier, 1990; Smity et al. ,
1990), ZEERE, ITETER ILEEF R I E0AR R K 1) 25 3 L 3E JL 53 B AT .

D) RIVET RE KA IR, BPAb Atk (B K I E SMlE kB LR, 2
AFERD (BXFK2-3) . L TEBN TR B MEHER Y “WER" 4
WE CGERATTIN., $=7),

2) RIS, ALK KICERZHEER - TEEE. ERLTESH.: tNES
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CWREME K AR SREE =42.01 x107° ~92.17 x10™%, Y LREE/3 HREE =2.35 ~
5.36, Eu=0.63 ~0.99; MMFEAET FKHEHE KL ASE X REE =128.83 x 107° ~
148.53 x107°, ¥ LREE/ X HREE =6.05 ~ 6.91, sEu= 0.81 ~ 1.10; 84k [l
ZREE =140.60 x10™° ~ 148,78 x 10"°, Y LREE/ Y MREE =24. 52 ~26. 58, §Eu = 0. 88 ~
0.94, HERR B AdrHEL 28 p A e (ERE=S) .

F S PH I S D™ AR SR [T B S T S A il

2. EMIRIE

O, RIL-ERR LR BP0 B B2 R B 200 & R84, Bk
Fi AN KB AR U R — &0 AT, SERDESE NS, &3¢
GERE, WRERARS. M35 (1987) #80, ETHBEITRAEA L4, B
TR A MR E AT, C, O MY B R B E AR S EAME, 2%, B-BR
FIBT RINEGTREFEEL RN S°C = -1.3% ~ ~2.4% (PDB) . §%0 =
= 13%c ~ -13.3% (PDB}, RTFEHBRIEN. BEOCRT R XSS 5K, B
uﬁ%ﬁm&%ﬁm&%ﬁ¢Wﬁﬁﬁ&ﬁﬁmﬁﬁﬁ?ﬁ%%ﬁTﬂﬁﬁﬁﬁﬁm@
ARG,

() WRPG 23T B pd s

W-BRZE R RIS IR F A R R IR RH (E 2-3), 2% a7k
RS R ARSI X L G IBRE , B2 S At 5 M S0 K 7 020 ] B 12
H5i. FERTE RS TR RS WA P T RALG I A, I B0 24 o (2 1)
A B R CKIGERZFEHN, ERE X ST 2 AN R, At
T I TRER & B BRI R A2 W2 A UURH S 4 10 25

TR FRACRAS, FESH ML R OB GRS B, (R e Rk
07 0 300 SR L B B AT ) R A2 T b R A M, T 4 S A AR I A 5 e
&, EREANTEREABTR. SERT, BWZRT B0 EET RAE 1 = R
P e L A SRR [T s g e

. hERNESEHE

(—) HuZ AT R

BU-ERBUBZ AT . RED ., BECHN L RS R E T — & W
o FESIHE “EEE". MIUBRAS HEGY, S—Suif= S au8rey
o 25 RIERUB K R BAARTHE . RED, BESST RREME 55— s mEr
FRPAEMINIRNS 8 = A5 B — s oh T AR TR B0 R AT B i 4
JIH AR P, Zn BRALHIE BRME R TR I 1 15 48 — B e

RILENE/RUIT B A TS A, BAaae ik, WS FE, BB
—EAMSTRRRUT FIT WA, R 2 B WA S P R BBy M
AE + AR CNARRNGEE . BRBEHR, ERLNEAR %, 2]
R BHN =SB ET, BAMREL -, HEEMESREST (£2-2),
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F#2-2 ARGIRLE, BERFLUFSE. A ERBERERNIE

wWoan o #F BT
yl | B ﬁf LTEE, AT LFLAES | A& ﬁf LR R AT
" EERKE, KHQRRERD, BT | X
il HROARAE, BRAASHEA . |18 ’ U,
ol | | reesn s, wre. wn || |70 SRTROE BRE
BERETHRGERE S @
HM: #ETHASHEAEE AF
BAMEER (REaH) /Tl _ _ ol s
BT 00 R AR B 5 T A = RRORWER, BUREHRH
= C | REBELE (L) . BB & 210 &uzﬁﬁ:&jﬁ. ’-.?.‘}_u‘irﬂclﬂ"\ BREA.
B\ smmpnsnn, nRwms, || F FRARRANERE
#Tb, Zn, ST E #
4 | 45
WRE, BERFTRE BERT | B | x HROTERT FRRBA | o\
[ m | 1100 | BFT U0 ®. SASTASET |A g | - AZARARHRABE. | 0oy
T | EE EREAT AT A RS, | W | ¥ ST MRS, FRAT Ph-Zn & PN
ol E oL | WERKE. RN WL | B BB, BRI
S AERRS T, & Pb, Zn, S, Cu | 15 E 5 R T o
Bk BE | B 419 | REBEXETHORE RS
3!
Bkl MRS, ROABIRET | o
| 600 | TVER, REELE. LWRRUSK | (M| = | g |KRERE. RERBRKD, &
T | nETRES, EAR CORERT X | 2 EEsRE. HES. 9BEA
B a0 | W REF UF) 2 sRFHS =}
U EAR, HRNE A, AR 4| — _ e e s ey e
b g | 113 | REREROFEER AR RS
LER 7T 5 EM: KAGREG GRS
B |00 PE RESERR. GRARENR | O R BEEME, KEE R E K
— 1 emg| T BESERAE R EWI) | 6 |JrE
4l e " T ARCORNDE., FEE,
A A Gt i T PRI, FERGERD

VORI THARBHRC TR NS R E R P22 105 sEREA, HaohaE,

() ARy My

EIRA RN RN IR IENE R, SRS R AR B R B
HAREE: QARASAREY,;, OFROREE; OTHEY, QFE%. OaHs
#*: @RASRY; ORprARNTERS; @URAEE, Oy B, HEutaiy
WREASAEREL (A=H) . RETHE (RFEARE) 2. RRTHRE SRS
F, FRIUEESET R, RESS Co 5 GBI AEE Y, ISR s 0 L E i
T — 2R 5T o

=. EEEREF

(—) [RIEBrZLEHIA
1AL 8% (Synchronous fault) fEHRFIIBER. AWEM . B WikiEs.
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M fERE Bipstdigtfy, B, 397 K0T CER) B850 2R B sh
FIowE . REBRES RO A S RTEHNMAE T Rl TR SR ILEEM
EAREILEET

HEEHE RARTEEWE (FHRE, 2000), &0 BRI BRI K28 1L
A WU SR B 2 S SRS TR0 . SR EH D . AE SRR &5
— SR AN RERRE M M R BB SRR, S8R0 B4 B 5Pk i B 1k
BWAEAE ., TINS5 ERES R ERM, SRR LA RBLBES T A
th R A WG - AR . H B AR AT S AR

(1) FFWEFH () MR

(MZZBRAET), RS EIRM T LF,

(2) HEETELANSEEFTEREREGS . BENBEIMER, BRam

WTFER O R A —BR 5 = B, 2T ZAKMET, o WETE K-
HIR (H) BRI, SFRMGIRAa A KESATE, HEMymaEs e, F
WRNEBFT . ZFAFOEHEZENCTN (B2-4), FOMGE4GT8., 5.
FHE., bl KR RN ZEEE I

—EATRELF S R R K LA I 2 AR AT TR AR AR B0 R AN &, AR HE 1Rl
% WO RS R R LA — B, T RASA T TR FIUTEUM 00 R A4 M 6f T AR
WIE RS AR WA, ERVFRNRREZEAESE R, BIAFHREROCEEE K
At S804, AT . B ASHRLEN, XMETRINERRE SO KA Hh
%E%%ﬁﬁﬁ%&ﬁmEﬁﬁﬁﬁﬁﬁmﬁﬁﬂﬁﬁﬁﬁﬁ%,

MAERAERT RET SBMNMBR L L, ATERABAER, T RBBORE =
AP BEHEAINA—NEEE ST, BERNEE, CINSESRUBREREES
EBHRE . XEARE AR ETIFMGEEE, TIEE S,

(3) ABRRT I

FERTUNT IRAITTET, BB, RN . A9 . BWrETE2E (8D MiE
WA (B 2-4, 2-5), BRI FR—MFRG., KAGEEA AL (Do),
T HENR., AREAN (Q). BEfAAEWH (Bi)., ABRs, IR ETH.,
Pb-Zn F" 08 Py 7 G TRE . EREET KM &S50 78 S e-a b FIEE T DAL 3] A
INAS— TR R T HCE R AR ST A, BT A b — S I R B 2 A R E S
TRAT BB AR HERAE (TR S RISFRE) s UE T MRS ETHS, KRR
HIETHEHSEEESES, oS XM AERY A RF AR, WISk
ik

(4) &0 5B 2B ERgA

WOEFRUE D, S5 8BRERHBRES, ERIEF K, TR 78 4
—BL (Pls,) MITEE (PLLel) MRER (1E2-4) FMie (P42-5) (TR RASASHE . 76
HAER R, AT WM T AN AR (Pyeg™) EE B0 SRHE L W] By
&Ar (E2-6),

(5) THRBEESTLRENRLE
20




=& KAER )

7 3 0 4 8 12 14 18 20 24 28 32 40  IHEes

B 2-4  ASEHART 6 KA E E
(EDRORIR : A AL TE NSt R
1— T 2—FMBRRT AR, 30T R 4— N REME; S—HERL;
6— L BAE; T—i kRS

PURT RF)WE KB SR EERE, TRBREES, EEE LB, o k3
R L AT B R S B 2-4, 2-5 RS B OR T IR 1 hh X A9 AR FH B PR A e B
Bk LECKAYN ST, VR, MW, MR, BT (REMNNEST #)
MRS P RAER, EZEA. BRART . XMk LEEBRRALNTE
HEATFEWR, RAKEERDRSONLGEHET R, & 2-6 RUITEE /RS 11 X H
R ARET B0 SRR, K& Ph-Zn FHEE =, HARS AT, MEBIAHESEN
EifRse, R HMHBE LD,

()[Rl AR e A B i

FAEBTRRRII-E /RS 2R (B 2-3) a9 (Ki) JUARES R SR
FIDFFUELEE P A —MRedf B AR F R AT M8, HARBR T TR s 5K
WGBSR TTBWE I RIR ELAp 8 BEA T, HEZEAMNE T ERHEZREW (MW KN
IR T F M A% 25 (] SR AT AR N LB AT . KL S e 1E A o

1. Xt ) & R R s B RY4E

T B R AR R I R T 7 P ) AT A IR UCRRA DO I A oA
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HERLAE (K)

B 2-5 PR ATHR T R B o7 A
(BRARE. HE2-4)
I— B FLRE 2— LSRR (e 2-4)

ey B £ 7 B W OB

T
W | mews

XXX ek
1

16 g o4 0
] I N T T N I Y O Y

Bl 2-6 Pzl B A R T
CBERPRIR . WETH 105 MRREA 5430)

KSRt ME it RBT T R, fErhoar ., M- RE LM &
A STl U A - R el B, BT, 2800k, SBRE TR
GERRWIRAN, R, RE0, BHEC., PERSY IRERE TEIBE N =4l
Pt i SR R B R IR i By (TR 2-3) o sk S Y 400 7 s 72 b ) o 8 DR e W R
W, ARFHE . RET OV B R R KPS R (F,) W3, HANE F, B3
Mo FERSKAMET , XSS BRI RIS 2, SarslZ mosE T, BEARREH
FI T FEIEEERTE, AM7EX Sk B A SUB R T — 2 i RS . 2R
FZTFHFARE, PEHSRZ TN S (CKIES . SRES) . R YR
22




., BTHITESMA S R FIR S ARG Y RREAR, MRS RRES
TR, T A 2 24 A O R B S48 8 R IR Y i AR e i S I O TR B R T
T,

2. WX A AR R B R R

HE i (R s B, BRI IRE AT, UM MK IR, BEARINEEE
HAHRE IR + FHERARnUBRBRES (LSS FE, BEREEN
P AT BT, Tl A oh R A Wi AR B B, BB R T i
7 Kl e A T BETRER P AL bk, EEWRE IR 2 A X I B R 0, )
W LTS B AR R B TR . A TR P AR R WG A P e . BREpEIS Blak
R

(1) SEYIXEHEATTSESE (). SEEFATAEF 2T, T
FLEE b3t B A B 1 5 25 18] 40 A

DL 2-4 S, T ARSILFEE

MERFFRiA R 12 IR R T ER, Puls; B0 KHEA BRI SIS, SIZR M
LMK 460 Aok, E 7 MIRAERTAY, BRAT AR HUBRE S AR N E
WM EWH SR BRE AT . FA MR RBOR 85 AR . BB IR
By, 12 BITRARFGELIVESE 7 BMRAMGE, RTHE, HIlMimEs.

HEA ProLsl DA g V0SS E TR EL, 12 YRR G LIV £ 7 48— W% |
Frik, Puls) SEARHE. LTS, LAb TR, T 12 SOERAR B L4 0B o T R,
Pt,Ls? B FR 2 B EEAR K,

P 2-6 [AFER A A 47 PR — 5 B E g 28 4B (Phag™?) 30" B
I [63) A D S PTG A TR 1 A 4 A O 2 R

(2) BBUREHMEC MR (&) MESIKT A (S5 8K) #AELE, 14
&) — BT R 25 6] 43

BB R R RS WA (SRS #ALTRSEMMNEN, TR, 7
P, DL (F2-4 ~F2-6), BEFMERT G IHEKX Zn-Pb-Cu B -55 KT
B (FE2-4) o s RIERE T HK R BT R R A 05720 - FH RS 05 4, FEA0 R e — e
. WIEEENSR, Ml R WRE — R LR E TR RS S,
ERAR, H TR BRI AR BB 1 A — i R AR R EE , 7= W B2 (R A 0
W, FESEIERIAEITELAL, JEREEIEIC, RS AR WIS AR A/, R,

(3) (R4 T 20T Bl 6 A Rl T 1] S35 0 B R A

FEARBGHA, A SNEah M . SRR, R SR O&RMR. 60,
KT RIE ST S 48 —B (PrLs)) —JTHIAM, FENAHREFHs (N EE
R BRI R AR RN S, AT BRI OSTe  (F 2-4)
g R O BRR BT O T LS BIESS . WS REE Hs s Snge, FisERFRskesah, 7
TRERAESEST (F2-4, 2-5), WEMAREERRENL, 8 H —BRmK
1, “WER" KIUERBEER, BRERY AT R, [T 8 R R
T RSB R AR M BT AR A TR, S T H B (PLLSE) W=
(Pris}) VIREVER, RUEMZISE—H7551, KRH Zo, Pb, Cu, Fe AW ¥ Rz W F
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Tt TG AMBUREE, RERH Zn, Pb, Cu, Fe Btk (EH) 7HERIM 7 pZEEK
2, LB FARAR KR,

gt /R 3 L R AR S PRI TR, 7R S AR T — i IR AR A O AR R S
AR EHMES (F2-2), RT ST RRH & (Puee™) 246, HURED
HZ P RS AFIER A DA, BEHTANRAET RO LIRE, HMEFH 2n,
Pb, Fe BACHIW (K (88 Cu - AFIZERY2) , T RMABN KA,

A, FEIFARKWLES

(—) S BHT A KIS FIEE I A I ZE HITA

L RN LERE

20 fit20 80 A ISR, R RE M. BE S, FEEST KZ KA NE
R R HORRERUR B BIOWA RS TRIBRSROS —2H) b
I TRERPREEKE, BEEXES, FFE. REOF RSB Z H A
RIDIBUR R A UE (BRSNS A, MINES) . “TEX" Kby, SRR
R BRI EEE L

1) AR —FT R _Ey, THEEFY . Bifs (F2-7),

Av AL Ene B: MULHME

i P ==

ES Be o R 9O 2 2

s e A == [

p———— - = = ____ 2 2= —

——— PtQLs; R e Tt P'Bzin\zl T PIZL‘JQ I_:'_—‘—EE

S B ——= | Plols Pals;

77 — S ]

7T #T —— R -

L N S P —— B -
== N —

e I — X —x] (200m| Ef 777 15m

= N xR C

| Ptls, ] =T T —7 =— = 10

. = w =] C1i0 = 5

X x == I 0 == == 3@@ 0

== B2 s B+ BB B 7 B9+
o FoluEd B e = H oo E wE s =0 s

B 2-7 WS P AR R R A SR 55 R LR
I —Zm= e (ERBERENE); 2 RATHE; 3——Z8RETHE: 4— (U=H) k@
H SEREHZRREE; 60 TR ARMARS; SRR IE; 05 %,
10—T#rt; L—Hi#: 12— MINEE, B—ERZBEEES: 4—F8EE, 5—BEhNE,; 16—
STEAERE: O, @, CIKICHATETES 19, 0. 14 BEERNETLERE

2) AR AR LRGN . ERPSEREHAERT RS, SRUEE
B PBE JBE K¢ 1116 A2 B A

3) MR BEZ—MREM A LEN Sm-Nd 250 RER X 1491 Ma (450728
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1992) . FAMIARI} IR —H e KUIE BY tpy = 1767 ~ 1867 Ma (ZHIRSE, 1997) . mED
— PR A S 09 Sm-Nd A RTERAEIE D 1824 Ma (IR, 1998), RETEMRFITHA
[RITERRE B REAT LS

#2123 WREFARE-REQ-BEE—SERALEENLERS  (wy/%)

g JE | 80, | TiO, |AL Oy |Fey 05| FeO | MnO | MO | Ca0 [Na, 0| K,0 | PO [H,0% | €O, | i ]:"i;
g5 1 |71.34] 0,09 [12.97|0.13 ] 1,98 [0.09 | 0.51 | 1.40 [5.31 | 1.62 | 0.13 [0.99 | 2.43 [100.08| 6.93
H | L2 [72.44/0.09 |14.94]|0.13 | 1.80 |0.08 [ 0.32 | 1.27 |5.17 | 1.83 | 0. 13 2.15 [100.35| 7. 00
w3 |m02]0.13 [15.05]1.09 | 1.53 [0.05 [0.56 [0.94 [4.53 [ 2.75 | 0.09 | 0.98 | 0,12 | 100. 84| 7. 28
ﬁ % 4 (52.90| 1.31 [16.70)2.42 | 6.01 | 0.14 | 3.40 | 5.56 | 3.95 | 2.49 | 0.35 | 2.14 | 2.22 | 99 50 | 6.44
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1) AARARE ODMKLERBHESR (Na,0 + K,0) ¥, ORAF 5
CRUEIL” KA IR E RS, WRE O A AL A AR,

2) BHECHIONERZBE S BAHE, SHREMSFTEANE. XEBERT K
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# | omEn F4% (38) B 2. 15 g
BHETA (2) 8.7~17.20 g
EH R H (13) —_ — 0.5 ~3.15 10
% B Al T (N Ty 47 #4347 SERME 0. 14 11
59 ERMN ks (3 T 46 et 330 Y 0. 13 12
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AZFEERE (B2-8), AETATFRRERNLEBESRE (B2-9), HohEER
&, HERKS . Zn, Pb, Cu 7 #RA[ AT G . MMERD AR BB RE S0, 75
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I—HE RO 2 WRIORE ZERE R I—RITTHE; 4—SUERESBN S, SNk,
6—IRA T TR RE ML P L] RIS B S

HEETEENEZRGE, BT LEITE 3RS — el 5 2 H 5 s
TEME,

X AL A 2H AR A 22 B 1 1) 2 70 0 T R O 4 8 R T % o

(3) bR AaIRE

I 2685 Si0, F BRI T0.47% ~73. 2% 2, 1,35 1,20 Sio, &8 04151
52.00% ~54.43% 5 47. 44% ~48. 86% ZJ8] (F2-3), WEEAHM AR (1) E40380
Si0, HEAL (ESRESE, 1991; RS, 1985), SNISAREHE “WEN" HEHE.

(4) BAFEEER

MAETIRE AL RSN CO, LIEMRN Mg0 5 Ca0 GXIRFG A a5 />
BE=G . TG, EMRTERSETMOARY) . FEFEBEE ETELH)NET45EE
WEZ805, EREE (1954) . HA4ER (1966) . SRR (1953) SR BT L2E
PR, MEEKLER, RHEFEEKNERGBENERA, B8 HB8G —40p
(B 2-17, HaEes),

(5) BWLITERLE
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[2-16  HIFE K “AUER" kil H IR X R

{al-fm)~(c+alk)

100 200 300 400 500

E2-17  (al+fm) - (c+alk) —Si Ef%
(JRPEPESEA ., 1953; ¥TlH £CR%F, 1987)

LB R A RAINER L, ML SO RME, % 2-6 B T 8 MHSEE 1Y
AL BORE L IE R S RBICH X BH . MK 2-6 5 2-18 ATLIR -

[HREI,. 0, K05 () R AMEEDR I 5.

(6) [Ff A

B LIE ST AR R B AAR, SRT G YRS . BT, I
(BT . SRR A R I, B 0 R RO WA RO . T RIBUR A 1L

37



#2-6 AREFRAFE—SRO—H “WER" KMLEGHLTREME  (w,/107°)

X = 1 I, 1 I, I, I I,
= 1 2 3 4 5 6 7 8 a b
La 34.06 | 3.74 | 34.25 | 23.79 | 35.43 | 24.70 | 26.79 | 26,92 | 34.62 25.09
Ce 6148 | 63.58 | 62.63 | 48.02 | 64.80 | 47.91 | 51.89 | 54.50 | 6312 49, 27
Pr 7.01 7.10 7.05 5.83 7.39 6. 40 6.45 6.92 7. 14 6. 26
Nd 26.99 | 20.07 | 28.54 | 26.24 | 29.24 | 27.30 | 20.33 | 31.50 | 28.46 27. 62
Sm 4.58 4.91 4.78 5.74 4. 84 5.94 6.59 7. 14 4.78 6. 09
Eu 1.15 1. 19 1.16 1.52 1.25 1.53 1. 68 2. 46 1.19 1. 58
Gd 2,71 2,75 3.02 5,34 2,97 5.51 5.50 6. 36 2. 86 5,58
Th 0.31 0.42 0.33 0. 87 0.40 0.90 0. 98 0. 96 0.37 0.92
Dy 114 113 1.13 4,63 1.22 4. 41 5.70 5.26 1.16 4.91
Ho 0.18 0. 15 0.16 0. 96 0. 20 0,92 1,13 i.02 0. 17 1.00
kr 0. 54 0. 44 0, 47 2.67 0. 56 2,27 0 2.58 0. 30 2. 68
Tm 0.06 0.05 0. 06 0.39 0. 06 0. 32 0. 43 0. 36 0. 06 0. 38
Yh 0.34 0.31 0.34 2.44 0.37 1. 87 2. 66 2.20 0. 34 2.32
T 0.05 0.04 0. 05 0. 39 0. 03 0. 28 0. 40 0. 33 0.05 0. 36
z 140,60 | 145.88 | 143.97 | 128.83 | 148,78 | 130.35 | 143.02 | 148.53 | 144.81 | 134.07
LREE 135.27 | 140059 | 138.41 | 111,14 | 142,95 | 113,87 | 122,73 | 129.44 | 139.31 | 115.91
HREE 33 5.29 3. 56 17. 69 5,83 16.48 | 20.29 | 19.09 5.50 18.15
LREE/HREE| 25.38 | 26.58 | 24.89 6. 28 24. 52 6. 91 6. 05 6.78 25, 34 6. 41
(Laslu)y | 6815 | 86.539 | 68.53 6.10 70. 89 8. 82 6.70 7.69 73. 54 7.21
(Las¥h)y | 64.43 74. 47 6k, 99 6. 31 G2. 03 8.55 6. 51 7.92 66. 48 7.12
. sFu 0. B8 0. 83 0. 93 0. 81 0.91 0. 81 0.04 1.10 0. 89 0. 85

FE: FEFMEESLP.Gr o 28 TR, bR, J0m¥.

e J2 09 i A AT AR AR & o g TB AT (A, XA o k-
2B FPAE BB R B G R, AR SN al $e R Ll B B R A 4R R A
JETRIE O TR 2 A ) R — (LR A R A R . Sm-Nd {4 2 1 r— I 24 A I AR F op— % B {R F o 1A
E ., THRNERS (BHAEE, 1988) MSBRM, MEmmiiday 0, 28758 F i
PEK W JZAET Sm, Nd [ ZBWAF THE, WELSR (F2-7) 8 faun = -0.32 ~
-0.34 CRASHUIEESE) , WL E AR BEREVER o AT (ERRESE, 1991,
ke, 1996) . KITTERNEESE o] Tt B el . 1R, foy (Ma) =1767 ~
1867 Ma +2¢, (FH-THEN) SFH 1805 Ma £ 20, H455-SHEF4M 0 P25k, B LA S H 0 8]
BEE AT Y.

I 2EAERM ey (1) = +5.0x2.6, BHREMAYEREFE; (S #Hig (3
& 1988)

2. EIRFARAAXRLFEHIET 1ER

AT G AR TR DO T e S0P AV A JEE A 1 [ 77 st A B IR 3 - DB R e T R
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160 T T T Y T — T 1 T T —

100

10

T I|I|III||

1 1 1 b 1 1 ] ] 1 . 1 L 1 1 1
La Ce Pr Nd 8Sm Fu Gd Tbh Dy Ho Er Tm Ybh Lun

B 2-18 WENRIAB—ARDE AL 00" KilERZ8 REE fr b LR

#2-7 FHE-ZRO—FRUSFTEREMEN USRI Sm-Nd 2RS4

pe =) Sm (10°8) Kd (10°%) 47 8 1M Ng sl ¥ | ipy (Ma)
953, 5 686 25. 520 0.1347 0. 512217 1795
95y 4. 988 27. 104 0. 1113 0. 511546 1787
95-3, 5.938 26. 951 0.1222 0.512192 1811
95y, 5. 442 24, 742 0. 1330 0. 512212 1767
95-y,, 6.112 27. 504 0. 1344 0. 51276 1867

AR ARz o B A 5 g B R 5T

1) EEEETHET Y (K2-9, 3£2-4),
2) RIPLBUASEEE XS SRR b KA b B4 . o Lo AR B R A > —
(ERF =, RINEE IR EAIFIER £ 2-8) .

Z. mREOWK

e A R R AU SR A AR E Y Zn, Cu, Fe #ifbfo K. Ha7 #2
RUEEIRAGR. hak, A3ER. ik () 8, THEE. @i ak®
SRAW, LLEFRESERTHRAEH, RBZANSMHREBZERER, €8 Tk
SPAZAAA, ME—E T RIRILEEE A,

RO RGARTFHNDRAAR, BRI, &0 R IR R4 55" AR T 4F &
BERA BT RN, (22-8) . HEZEWMHATERE, EESRFHRTKATLLF =0
T A 35 22 0 -

1) R bBEHFEme . AR ERA Pb 14

2) FURHALRE SRR, (HA A e E o B NeN . TR THE O R A ok o i8S 7y
AR (#2-3).
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#2-3 ARTRU-ERBURVEFERY KESE

T
REAT

L

DLy
b Az )

RITIET R

BEOFIR

MRINHFETH

TRihgEH

———

BH T K

HUA S B

e —eg

T R R s
BRAMH =% (B
fhe (. HE)

e Bl ARG
TR M= S
(e, Hi\)

Feik Bl ARG G
e W0 B =8 4R
{ W) 9 i )

AR L
Bl oty 8 P

Fil B il R R A BB
R R (7D

IRz R

A ETREAE LR Sm-
Nd B 5y B S
#1805 Ma, XL
By 5 B AR A
1000 ~ 1900 Ma

ek, EWa, #E
&H, NHT, THET
MR A 2 1800 ~
19060 Ma

A A K A A Y Sm-
N TGOt 2 4F k1491
Ma, % FhERfEET 5 Pb
#84 IE ¥ O 950 ~
1800 Ma

(LR AR 3 N
Fren e, ekl the
Pb ZF B} #% & W H
1679. 65 Ma., #:LFE R
341431 ~ 1685 Ma

OEAREYE, REA
SEKEE, BETH
g BEBRETHCH

RET G . SRA
HeafRk#s

Bk, ey, M
By, &y, 2@
LN 3

ek, W,
FY . AT

H¥EA, #UTHE.
BEEALE

BT B, A
. ME

\EE (R HEZA
KEa. anBERKE.
MY HE LS. KERD
Bt

BT, MRk, 7
W, W

iR BRassir . 5l
REZEGH , TERE
IREE . B A ARG
Hik

LI -8
AREETAE, B
el el A e
LB AR

(%R mRETH.
FERAE A . L H
TR dhas . TR
5y, MRS

BABURH f28E, H&
WAk, s BAR. A5
W BRAR. R
Th

LB . AR A
X, BRaBiR. B
wwa

HBICR., &ERT A
NE, AR, K
FART D AUAR 5

BRCR AR R R RDIREY
. EiE-BRBRAR A &
B, Bk E S
. PRRESH S D

8%

SRt (8) R, 6

®h. BERyA, BE
BaBEAER, BEaR
L]

ke R

AZRT R, 216
WRAR . ERART &,
A A R

BARAR . SR &
. HAESERTHE,
BRSEEPR—

BAR. HEREGEER
T PR SR AT R AT
h, SMEREN,
HAZARTH

PURRT &N, W
FEOR, BEARY K,
5L AR &

fE RS

E\: f1 (F) Cu—
CuZn —» CuPbZn —+ PbZn
(B R¥FHE: &
CuPhZn— Phin— Zn —
(#) Fe

FrE: B Cu — Zn
(Cul; AP BED
T A& Cuin—Zn

-+

Herm]; A ZoPh—Cu—
Fe (Ph) -Cu; KFHr
i : M Co-Pb-Zn-Fe

W fH () Zn-Pb-
5 (Fe) (E}; M-
WEF — W5l A
M, B Ph - Zn — 5
{¥Fe} —Mn-—Ba

AWMEER . FF6iik
MW 65 (%) =
(#H) 14.4 ~41. 84

AHEER. S
IRy 84S (%) =17
- 38.5

WM EEE. &M
PE 58S (%) =3.6
~23.5

HHERE.: FHHEA
P ™S (%e) =7.7
~31.4
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S
) RN SR O EEETR g AR
SR
RE, EETEURS et _
R, EERTHAT o mrr, MR | REEEE A MR AR
R | P AREAREREN | MBRAIEIEESD | o e v R R | R BT, R A
S A SRR | % & it
) o
%%
AR e R U EIE, | L
g | FHERAERBER | e mamie s | kR B Sl | R E R, S
: o e BRI
Fd= KR
T PR B B | R i | .
BEEE | MR, EREHE | AL, BAMER | BB, PAmER, T ﬁgﬁ;§%$§F§
FEAE T, WRATE | g R, kb | RGBT e BT gﬁ@ﬁ ;Eﬁ%
B K. PR , TREED
s L 8 5 I A T2
wmpy | SRR, B DEVEEAR | 0 00 s - | SRR
Py ] AP IR B
pryraee
IR KOl SR (R | R A T (B | BRSSO | )
FHRE | W) YOETEEE | W) DLRMSREER (M | SR (B RN - %;gﬁ;;;ﬁ?ﬁ
(BRI + SEI) | WNEE + ST K@) e
AT GiifEkys 2o, . N
. Lo | KB BEBEL Zn, Cu| A M. Cu, Fe, Pb, | K K 4% B ¥, Pb,
T R Ph, Cu B k., ¥ & o 70 T Zn

LIRS

FURLREE: 4200, WmEESE,

3) FAEWZHEILL MRS KM R
=, BEBCZHRE

DL MRA Wy LRS- 20 H (R) JR, W TRLL Cu i E, FA#% #
Pb, Zn @, HEHEHNPEIRLBFRF_SANS =44, RIUESE—BSENEREGS

HESXZ—WEALR. MALERENRSOERIRE .

BaRERLEZ B,
HEAMPARE S WIIFERCE G AR, R SMRT R IEES R I Ea PRI
(#22-8) . HERFHHT KM, ALUT=DHEHZ 2.
1) #aria1b i A IS ;
2) FELARBARIK LR SHBA R, BEEKIERAER . WAEH (K2-3);
3) RIAWRE ShiL A A FHED K i .

M, RAERT K

A S R M /R 28 L P AR IR
8 RO VTR P A 3 S R A B X Lb AP ST, AR 2R LR B 18 e B 40 S50 5 3

1994; TR, SRS, 1993; THICE, 1994,

L AERET RSN, NEG
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AUAHY TR BERYEE 8 (F2-2) . HET SRR KD S0 S R A ST R4
£ (F£2-8), OE5FRAEYERMALL, LT ZTAZED:

1y &Fa )z HEM e, HMOESRIHH RS9 _dAEEMENEATT
(4&2-2);

2) FHLAIPERA EFREMF AL IR, RELREREERRE,

3y HFLEHNT L. BRI BRI E,

. RHEILEETIR

B R T RIS R DR B, TRARENERFLBNEEANS
. ZRERIE IR, G SEE— AR TRk E., TRERBDSLAS
EEEE, ~ABRETERSRED AN ERS. FREENALTE, UERNMAE
S AR W MR B . TR RS IRAERIBE R K, BT R A, BTN AR
FE L AL BT EDR AT IS S, I IRE RN, R RES,

A T & WA — BRI R A R RS, KRN A AREE
SOHEWRECES KN EEZ (BEFES, 2001), .

B EBTWAREZNETE, THERERARE, Bk AHRT L, PR
Pb, Zn §4k; FETREFELGESDGHBT RS, SMZEF 4, EWEEK
TELTHREEETZ, FBHEERT 40 m; BV EREHE, hREL 1k,

FERERRBLZN, HFREHEPR—B, AWy i, makEs, A
30° ~40°; VHEEHGEIRNIEARPY, MR, M 30° ~45°, 7Ptk pEh 2 PR T 254k,
oL nr A R B IR (R 2-19),

ZK018-01

A0 korsos ZKO013-04 au_
= TN K :

1350 153

Ff m

1300 1

1250 -

L J4

B 2-19 RAFHIGAEX PO18 BhHRLR H F) my s
(BEAbRTE: # PR B KW L s 7 45, 1998)
I—RRBE., BUE; 2—ARER: 3—2E; 4—m
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WIRA 56 47Kk, 4345w, TASEE L, B LECENW ST Eyikk
400 ~550 m, J§10 ~50 m, #HEIYL 330 m, LR O IR KT, ST TRE 10
~15 m, ETRHN4 T o/t, BETOFEHYRMUN1.4~1.9 g/t, HIMIAEO 2 km®
FCEN, BESRBEEIEE 50 ;0 (iR, 2002),

AR RILIMAR TS TG £, YOBMETIRT B RS R A A
BaEeaibsiie, BeCidg. e By Uiy . B8y hE, 8 e,
BB, £ HRSETETRAE D, DR FETTET . S5e BB, LIMge
HE.

A B RS-, Wk, Baiegi stk Feik, BEPa I AuE
NAate. SBEA.

ANIVEST RS ZRRT RN PP AAE. REQD . BEECSE. &, Mefba R
A —EMMUESE thE, B4,

1) B WeERSE0 BEHEM.: RS &EER -HBENTY, AT
HEREANEEEHASE;

2) RAERESE. v0EE. PR

3) BIF-UUEHAETRMEH R FERRITERY A, — Ly a5 NAERBRILBUERL
HIEECH. R RIawE;

4) W AaPeEHMmEivR, v ESHEg . Y. SR RAS Smdk
XREY;

S) FERLEFAAIEBERBUZRE b, TEIEEYE, BV ERESHMK. A
BLK;

6) FW N (FIRIER) FuealE . OSEMABLS JOHEREScE S lg, BRE
= I H A IR et 2 B 1k

7) B R InE L.

LIS, RRrFLE G RN L - IR 2 ) R TS 0 K B i DORR 0™ 28 20 288
W HE5RI—#E/RBUL—AFHEAH., RED ., BEES . HAEMSSRMHEE, L5
B EZAL

1) g EsplEs;

2) KRG RTINS R R R, e, EE— Pk
FISFIER M . THEAER S FEAMNBLU—ERBIL—FHELTIN., HED. BEE. P
HEREFTIRNZN., BUERTFEHRZEWN, WSEsEi—bwts.

FET RFTRFANBEAIEE R4

—. A=

SOATAR U-FRAF RS RN EMNIEY AR, S50R UM —5T Sk
G 9E/E09 Sm, Nd FAHEAR, MET RS SMTILY (F5 . BBy, FEe,
NG M @8 ) B9 Ph RIS FE T IRVG RSP AREAE, 7T LAE AR - RF L o
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FT B RS R R TE e R ER . TR AT, RIAENTRMEA
AR 7 B -5 PR TR A R RS R B R . HEe™ AT LIS D T

PEAMIUBE SRR T8 EH (MRS UBREA N + POy Ewa) siEd, &
R IOH. ERARETEY, Etazns, RENRENE . Wiz
AR, SEFRFBRAERAOLRRE ., BEER ( “PuEl") AlaERE, X3
WA TR g i AR SRR R o R Wt DA T AT 0 S R I A2 B T2 AL vt A
Fo HTRAENZNER, BahthiEsh, EHREETRA () MErt 1H, BA
TR M, ARz Xe-bRBE CHYE. 8. . figk. ZHeh) . A—7 e
L AREREAWL, FEFETEEPERRZESRE . A iEDE S ATRR
Tarct. 82, RETHEANBMAFER, AEFHALUMRERTWH (F9 K4
TR LA BT St L) 2 R Y1 A TR 8 B LBV, o 7 R L -3 AR 2 L) 2P R A T 1
T—RFEART IR

XM BRI EE TGz C (82-7) MERRTEARAEATRRT GRS
(E12-4 ~F2-6) ARRRNES,

FNZATOREI, FARRFDETL, RU AR . AEEL. JeE
HidE ATRZRREF R U, EREXYr. ¥,

—. H=E4%

RIBUUEL- M AN E ARy MR ST (X{2AR %, 1984) 8, 1% SEDEX BUa #H &4
B BRARE S AR & LR -1 SR 2R L S A P = S8 B i 3 4 B TR IR SR T
. X RAERAH T MR ERE T .

IR 5T R (AR R A A S R ESTYRE | 2R KSR EH =0
B RFGTERRZECEH . FAB RIS SIEME R XD R e . 7T K3
ISR TT LA A LN T AR

(1) RIS~ EMAE/R 2N EERIEE (EE) TR

HIRB U F AR I AL T EE S A M MBI E, F B PR B IR,
BEZDOKIERDZRTINGE, 7ERRPBIL—THRTHRE D HHEM AU FS, PP
Hrgse/m (EMSF, 1992), MRILAENEES —EA, PR RAT 2R, X
72 HTE ) — i B R [RI B A iU LA E R 7E W) S A AR 2 50 ik

TEMLTTBUB AR A KT R AR ER .. EmiRsameEked .,

(2) HAME—FTTFRILRN AHAMRFLE EEEA + MY SR (R
A WS RILE + BERE) R (8F) M

TEREHAE ], Sl A G Ak R Mg 2 . F TSRl B S 2 IR Y A
B, BRI RETE A AR T P A AN IRIWE B TR TR AR — BRI B W a A, Fhis
BZUUR . TEZRHTUREW, WETRZS), [REWZGEER. )32 B i A
Wik, SERITBUERCA LSS . (“BUERT) KL EREAM ST B H TN
(K 2-7), XERERT M AT RSN, BLEED FRKEASEORmE
(BT H5G) BYRIA W= AT o)y, CEERER AL B 5 8 AP ] B4k et A 1] A4 g s g
AT, AHKRE Zo, Pb, Cu, Fe Bifb#ife KA LB LG W FEIZ R £ 2
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FERY (E2-4, 2-5, 2-7; F#2-2, 2-8),

I L T30 5 S BB RL M AL BB PR 1k, E MR A R RIRE
R A BTG B 5 KL TR SR —, TS

1) RIS BRRT e R — a2 P 7t iy B AR R R I

2) F—ME LK (Zo, Pb, Cu. Fe) TERFTTRAYELEMEN EHER

3) FEFAHIRRALES (KLE, s . KRB SRE) R,

I . B OT BRAYS F AL A B A28 1100 ~ 1800 Ma, Z#eh7E 1500 ~
1600 Ma [, 86T SiF F4LHE A L 089 Sm-Nd S BB RAERS (1, = 1767 ~ 1867 Ma)
FOSRITAAESY (1824 Ma), S0 428w 1k F W TF & 0 — 41 7L 090 1 960 G K L B 4 L
35 KL R SR A R S MR R A (B 2-4. 2-5, 2-7),

B LT KA FTLY AR AEI 950 ~ 1118 Ma. HLEEHE 411126 Sm-Nd 2t
LAEIA N 1491 Ma, BRI QLRTE XL S B ERHE PP g (& 2-7A),

A S BRI TP 4D IS4 46 % 1488, 80 ~ 1685. 86 Ma, Ph, Zn -{R=TET 7 B541
o R R AR TR L A4 R ZE AR 8 S 1450 ~ 1900 Ma,

LA b ST DR, TR AR L B VR S R AR KRR 2, B
U B R TURU R A IR TS5, IETB IR T VTR H K 1L 2 3 2 skl R 4
12, ERIES RREVIEUAA USSR | B B e R e g, B Ha%k
R 2 R, VIIATER — A H TR RIS, R, KL% Bhs s YEFITETE
B 2 MR —

B — 415 BIHIIRR S A F W, R UL A L 0 SRR R R s W B, E
=1k,

(3) FIRILBHE = SAE/REILBEMEE (REL) JUR

TRBLIEHE BB P S R B BS B E R B, R R RS . BRI,
EZFF, W

BT L B — S RIS = i B, AR T & IRA0ss =R /2, b
RAT R

TEME AR RN, T R P AR T RS 03 R B B, 5 2 AR5 4
B, BB,

FRY RYTRAFPRT FHIBELEET HER

LPEARX BRI R B RAAE . T H K, FTTEUH AL S R B S B i e 408
%, LIEFEERESHS KNESEPOKRIURET ffa 2R, WLUSTERES, &
Kilpg (EIFESKE) RESREWEETHILK, HETMMMR X, B, Haxg
BT P A E AR AR

1) EZHEBERN =R AL %,

2) FERINAX, EEFERLBEY _HPEFXLERERERERES-L . HEHW
BRIAEMR (W) WHopyiE;

3) ERURFILMK, FEAMGSWE B, FAEERENA (ZK)) WA
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BEK B SR 2 7 T B

SRR BEARR B NS ), FEE RN RAME RATRIL AT R F AR AY
SN, TER KLY (ERFEERE) RRSNAENEREZTNBE, RG89 8E
X, Bt, ¥HEER

A IEHZEEERT T, OHARRLEEZH; QRGE_L (BHFR6) PERE
Frkilg ekt FeREAERS . Blin, fERE D7 KM TEENART (iR LA —
), EA RV ALAIES S, TEATHNT PRAREN =5 0 —w - F J kil
AFBE RN EMEEDES, ETE X X H S TSR .

R BHENG A

1)y BIRE RPIEH 5 R VU A LR B e LR &3 —4, IS fEAh LI 4
F KRB R SATIE S R EE Pb-Zn 5 E. BEGTHERE . 57 88 fEE K
AL, RAEFUE—FH R GFTER - RFET B3 2. BHAS T # SR ET
Ht, THrEMXERE. S aal gV HR RS RAIN (4. 8) Wy
BREETE £ BRI AT it —20 TAE.

2) R Cu, Pb, Zn, Au SHEARNG IKPEARR LA, FEMTE? 7 Cu 5K
WER/Z. RENFERSEITEHA, BrOimOax, SBFEE—25H,

3y honivEE KRB RNE, RN A& EE ARG, P W] R T A
MERBRATED, X— MG -SSR T BN KE MME B HiTno s
BHETERR, Hb UG RAVG RS,

4) RUL-ERFRI P PIut L SEDEX B ) Hr a BUAU ) I — S 0 8 41 1 &2 LR AR
WZERR (RO ks . BERCELIET AT KNS RSB I g

DXL P51 R Y Broken Hill, Mount Isa, McArthur River ( Plumb K A, Ah-
mad M, Wygralak A 5, 1990; Forrestal P J, 1990; Logan R G, Mumay, W J. Williams N,
1950; McClay K R, 1991) . nZE KA Sullivan ( MacIntyre D G, 1992) . ##f ) Komdok
(SRiber s, 1992) Fohooh Q32 M POK P RELCA #0022 4 ST IR SHT 2
() 71, XS5 MEINMAGKITH ( SEDEX B ) B RE S B3 2 A—E RS Ry
FHWEHER AL EEA . FRAERLE TSRS, EAUEsREIERitT
LRICHEANT YR, NEwmERAET,

@A TS IFAE R By SEDEX RUF-IK, Wik {7 F SEDEX #®—VMS Bl ({L&EiF
SEDEX #{—M|) pyTEBIE IR, BWMEMME, HBEEHE—EW.
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B8 BESBRRAEEIESREEY R
VA i RS R A R ]

TR R oV RS A B R RS g g e T EBWEREY . RO
EAE AR, SRR IR 6 4b, ATR 2 4b, B30 KA, RS EE ML
) 80% A Ik FLUEERAY 30% ; R, FFARBIH AT K4 &, PEIPKRS 4, 7740 R
b, HESSHELEE (REEEBO) R S0% itk AL SR T 209% ; A RE., fFFRH
PR RS 4, W, ANEITRFNG R 100 Aokb, RN M EMELEY 29% , IR EHE S
i, ITRE RN FEEET , WAMMI RIS TER, EER 09BN &y (T 3k
WANT R SR

AR LA R A S TIREMSE, AERRUAFRET FENTHR. 5 THE
RN, RS BERBRIR S BE A AMERY ., Ba. W EREFATEERT K
HHEHZIARAES, FSOTnhHRRERE X, BRT —MRASFORRT &
#, FEEERTA LIRSS b, LR IR Bt —2 245, MGy S5
T, FEAIIARH X ZEEEH . O WSRO/ L RTET

BN KEMAMERERRY HIE

ITHRMUA TR SRR, Hood s, IIHRBLITH, E0—Rg—FEx
H RIS L, BRTERFEREANEG, 52T —2Jal-risgdad, S8R
ZRITHNE. S BRI R RS TAE, JUHIR 20 4 80 LK, W T
YEH TS TR R (FFHIM, 1987; X(#h—, 1991; AW, 1985a, 1985b; ASSULSE,
1984, 1985; ZMELL4E, 1990; {RES, 1991; JrunfE S, 1993, 1996; X[EFEF, 1995;
WG, 1994, 1995) . WEKAES (1984, 1988) EREIANEESF BN T AMAE
FrAG MR A —ZE e A 2R A B 9. PR (1996) HEM AT & T Hhafd iy Kb 4
M, BRORAL (1984, 1994) MBI HERVIFAE, eI R#ENIHIELN LK E—
KPR -ERIMIARIZEAY, Hard A “IERBEE” . EE (BRAESE, 2000) s, LR
BRITAHERE A MBS S B, FRESEEGE XMW . Z8a.
WA . WAESAHNASAMESRT IR, SEF£BVANERSTIAEENEE. &
BESHEH—3.

s Eﬁﬂ%

LR MK B R A R L . Sond R e TR R T A
R /RULI, (AR, AR RE LR E,
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AN EENBES R MASHE R IS . B ARBHCR A BES . #ERMPERN
ik AYEY, B—EEB T ANER-E S IERA A e &, 2K > 14000 m. £
A TR A, WAL S, SRR 3. 8 Ga il (XE—, 1991), &
EREE (1994) RFEATEFAEDT AT F ZER SN 2. 88 Ga U-Pb 44 i} F1
Mo 2.9 Ga K-Ar FFkS, HFHERTH-HXER:; REEHAANSTRE K (W)
REIEME (2.5 +6a) RA, IMERAZRGALW, BHAHETHIOENEN. &
TR RELILRFR A MBI (O BEMRSF, 1994),

IFRES (GRTIEH), F-BANEREN (&%) 03Es, STRREFE
HEAEARGEM, XL (FafTa) —she. fREAsAKRE. THAXR
E, REaB2aMTatFo s akREE, BE 244 ~ 1278 m; T# (HE/RIEH-
RAWGH) VRRERE. =z (A%) Aa. s, BRARNE, RS, fk
MANARCUWEZ, ik “SlaR”, 2H R EEMEY Z4, 2 308 ~2637 m;
PR (RAOHE) BURHARBEREEY R, Z2hEAE, LEEAENA, B 100~
2948 m; B¥ (GREH) EFEA - RHEA. BAEE. BoadERE, SFRBRASHE. T
&, RERWE. WA, REE, B 1500 ~4969 m, LB IUE g A, HiL s,
BRI, rPERtE CEMMEM) ks, KRB E, BREBHEERE. &
k. RERERAVITEE, I, SRR TR . e TR B
FELRLA ., i—r, BN, STREEEE. REF TR THSERESER,
ERAEAOICERTHE . BEOERE. ZERORHE, BE 215 ~4084 m, HEH
BRI RGN LB TR (3R341) (WERE, 1994),

&3l IFBENSRESERE

WRFEF
B # oM oM@ oA EE (m) Fs
- o
T A KTl GRE . BHATDE 5200 BT
MR T | GRSt BRTEAS. TREHEGE | 2154084 | CAESRE
e |EAE mA. mEmmE. SEsD )
R o rpe) RmEE. B KBS 1759 ~3657 AR
KEBR | RS SRS, DR B 100 ~ 3842 TEEs L R
o B RE (AR, BRARSRER N
5 o T S A 100 ~557 B¢ BT TR
s | om -
e Rk B MBS . BhAEEES. — 5 A
NURIGEE | RAH A, JeBs Ry, $8aA5; L# | 2308 ~2637 o
BN, LA MRS
GEM-RIE. BRESHERS . THEY
BFWLA [, EXEBAYTAFE_SRAERE| 293 ~1629 Zupb Stk
S, R SRR
o IRRHE SRR . MBS KRS Ao
——
A L o BRI R R 3 14000 Sea

(PR, 1984; RA%, 1996, &£E)
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IR R AE AT« R L TRHEERLA 1 Rb-Sr SEHTER4EEE 7 1. 892 Ga, ![UJRIR
#H Rb-Sr ZEM4R4FEY 4 2. 39 0. 1 Ga, Pb-Pb ZA72R4AEH A 2. 11 £0. 06 Ga, Sm-Nd Z8RT4%
AERE M 2,31 £0. 1 Ca, HERAEEE C-Ph 28 S4FE# A 2. 142 0. 005 Ga, MG R &
RIS S B BISU A4 (TDM) & 2.46 ~ 2.75 Ca, 15 & M9 45 o #b 08 5% = 4F i
(TDM) H2.36 ~2.53 Ga (CAEWMZ, 1084, TFk4A, 1988; Fhgiss, 1996), IR
THTMWMEER 2.3 ~1.9 Ga HEERFF], ”Eﬂ‘ilﬁ?ﬁﬁfu/rt&ﬂ?nlﬂiﬁﬁmﬁﬁﬂi%, Hrofy |1y
A A1 ] BB ST Bt T HR LR R A4 T A A O R T4 S AR #S .

MERTTEACI 4G, FRRERITC 23N, B KR EFTEAL., ERE., B
L. ARAM_BETURY, BENZEENES R PITRESEM, PRERTSE, XN
B G E TR, PAERORER ZRNAER, FTENEHAOUTTRE, HEMS
FINFELRE . RE. BEE., XS, GREBERARS, RERDERSETES
(BASERE, 1984: TACH, 1995).

. IFxASE

s fﬁ%%fc‘%ﬁﬁﬂhﬁmo‘%' 41°20" Z [A], B2y 60 ~70 km, VG 25 E[i| K5 WA .
ECHEATEWEER., BT, RABITASE, £K 300 km M|, ETEH (K&
122°20" ~ 125°20") & PMF NEE [8, AL RN T HEE LBEBRRYEE (ZRET,
1991) o RFILAFHE A LIS M R A RE T F MR b F s 28], HFEEEH YT
—EXERX XK EMAFE N R E A EHE, M EEMBAEERE (M, 1996; Condie,
1992) ,

AL B T RO B —E] 1R —2%, BB B4 Dk fa) -/ B gir - 4¢
ACERBRM RN A, Bk NEE mzE, MIGaMAEE S, RAEem Ea Ry
ACZREE . PAMBSHEHZRE=S MRS (BREEEES, 1994), TIIH7Em %R
Z& % NEE [8) BY U i 5 B w PR 0 EW i) oz s Wy 2 4 4 u‘ﬂﬂﬁ%% (dksx) slrse (R
%) oo UEG—ERK A, fm%%zl,hi/TJJ&liﬁﬁﬁ’#?% ( EfELSE, 1984 45
FE, 1991), WFeE IR SRl KX I B A S . EnSREE, Xig
BHEMPERTRANAREER LN — IR RARNETEIX, AR TEPE
RUERMBE T EHEEEN T TEHABBEREENBRAE B (AL, 1992)
(E3-1),

S bR, MM EARERERNE RS E, BEFEEA, DB (2.3 ~
2.4 Ga) TTHER 7 BB EL RS BivE . BF b8y B30, 3k
ORI RS, R T RAMBSYE S E IS kL0 2, SRIS 23058 L 45 B 2 i 2
A M EMTE R MSIEAE A RF), Si0d d8es WML R T34 £ st bl o1 4y
EOHEHE . PSR R S ST B R W SR 2 LARE
1B R R W RS PSR R AT, TR T 2448 2 b B S AR E

=, BiEE

ARSI IR TE R BUE A MRS REEWES—, FTEREMKT. MEEAT
RUR, WELBRMANEG, BEE. MY, BEELEHEAEREARR, SERY
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L7s [o ]2
EH: 2] [0 ]
e L8 e ]
fmls (= [ae
g B o[=]s
2= (=] v [e]v

B 3-1 AR U RS IS R E R R R E
(WS, 1994, M0
I—KEEGR: 2—Ib&FPRK; 3—hRUBEK, 4—F8REa K SRR, oMk
SRE (FER) T UIRTEL, s—riRdrt, OB 10—3RNTERE,; 11—,
1286600 I3—HEE (CRE): 14— £0 ST REHY; 16—REET; 17T

SRR ST . BT e 14 AW ET S, S0, i 72.60%, K,0 + Na,0 %
8.06% , H:iff Na,0ik4.32% , JIF R TR EMMREIL, FEF8 Rk 500 x10°°
(ZEPRFE, 1980; BRIEASE, 1994),

ERME G E AR EREWE FE LSS, B 3B N E R R a2,

SWARPME () RAETEAFINFE A PR S R S, fEMAN
A RBBEZ S, AR K IS . TR A S B SRR
giREk (R) Satt, XSRS B KA HFEXAEE TR ES S F1LEAE
EE sy, BREE) . F3EA (EAELSE, 1984; HaaF, 1991),

WA, PAEMAIERAERILIZIX ) 28 (FiE, 1991), JLRITEKEDD Rl AR
BAREESHEA NI, KREED ., WBa MMy FRao s 5 e sz B0-2E ) B 28 4 5 %
FEARK (BRMES, 2000},

m., EEEH

AR HENEZ 3 M R h IR KEh R AR, AEBUAA S A A %
AINAH, e KE T RRASrEaEH, altiima s s _afw SalTad,
S R KR AR RRAE ISR X, BT @i A A MM R AN S TEnw, A,
30




LSRR DGR ZE A B S A A RS A AN B T, RIS KR
FH, ZEREANSR S, At BRAREY ., G TA0F, SR K iR
AU (BIESGE, 1992, 1994; F=0\, 1996, ARERIEZE, 1993; MAi{E, 1993; &
Ak, 1993; EXRFEF, 1995, 1996; Liu L. L., et al. , 1997; Turner F. J. and Weiss L. E. ,
1963) (&l 3-2).

IR

[Ar ]! [Pt]2 [Bi]3 [Alm]4 [Sc]5
[(ky]e (M7 B398 K249 [£ 110

B3-2 LR HRE RS SRR
(IRBRFRIE R, 1994)
=Kl 2T A 3B, I—RRRHEW; S—HEERA AN, 61 Rt
TR 8—TEER T A ORI 10— RN HE R

RGP B R-AM7T0. BRAG-ANE. USA-FRa4AT Y
X, e A AR T RS T AT S WA AT, B T TR AR SR A
wiRESMF (£3-2): MEREH (BSH4) 400 ~500C, 0.2 ~0.3 GPa; SgH 2
#H (BREWAN) 500 ~600°C, 0.3 ~0.4 GPa; {EMINAME (| FHE¥. BRTH) 600
~T700C, 0.4 ~0.6 GPa ( ZHFMHTE, 1995; HEHFE, 1995; Andreasson P. G. and Dallwey-
er B. D., 1988; Tomperson A. B. and England P. C. , 1984; Vemon R. 1. , 1987},

AR T LB A SR8 T A T A s RO 30 ST IR B - B B4R L 7 RO B4 ) 2T e ik
BISRAT AT COUBAESE, 1995, WRIRACSS. 1991, SKEE(BAS, 1996, 4092, 1993, [
&, 1995; B = E %, 1996; Andreasson P. C. and Dallweyer R, D., 1988; Muni [ A. ,
1990; Brown M. , 1993; Sharp Z. D. et al. , 1993), #EAXIIM B PTe-bD it (& 3-
3) o H PTt Huds hadibf 41 TEaR (A5 RIKSE, 1996) .

e, M, D, Fif, 9 9HERE B, R M, ZARK— BRI RR
W MRS P RFTE TWUIH ARSI, BELS km 4, KAMEE 0.2 ~0.3 GPa
ey, BETIEF] 400 ~ 500°C i,

M, BIIRSRARAFAE 500 ~600°C, 0.35 ~0.45 GPa W), M,—M, N5 5B, Mt
EIRRERRE, INBURA AR AR, LA B R A B AR SRR IR
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F3-2 IDABESERAWRAEMBESY

S T R AR 1HER 24 B 2 fIEA3 A5 A
R S i (R (SR OIE) i [yt
7/ 600 ~ 620 530 ~ 660 530
B b-AfTa
= A | P/GPa 0.2 0.2 ~0.6 0.4
T/C 580 620
FHEEH -G
P/GPa 0.5 0.5
. /T 540 ~550
=Rk iEn
PGy 0. 13 ~0. 41
T C 400 ~ 500 500 ~ 600 600 ~ 650 600 ~ 700
R T4
P/GPa 0.2~0.3 0,3~0.4 0.4~0.5 0.5-0.6
T/C 400 ~ 500 500 ~ 600 600 ~ 650 600 ~ 700
SR ——
PrGRa l 0.2 ~0.3 0.3 ~0.4 0.4 ~0.5 0.5~0.6
09
(5)
0.8 N
&
&
0.7 - ]
(6 =
0.6} )
g =
=1
: 2l
o
[#.7]
/|5
-1
\
N Fe
NYE
(%)
0 1 | | | 1
400 500 600 700 800 500

FEAS

B 3-3 ARG ERZEEER PI—D Bk
(WA HIREE, 1996)
A IALR N PT—D A FIEM, —M, 23 ES IR A ST RIS,
D, —D; {LR=FAEEN

ROUCGRENNHEFIYE, PTOlR AR 6, XBEYENHEH K (AP >
AT), BFEIREERSAN, REIFHEE S0 ~ 100CAE, JNMEMEEREAEE, s
EALF 15 km ZEH L, BI04 GPa, REEN 600C A, ABSHERET, HBR
—EXEHRNBHAEAA
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MM, B M, —M, S5 =B, DUE S E R 91, R E B 550 ~ 600°C 3% 7 2
7000, HENEAAZ, HYTHASERT AR, SREBRIERILEMRTRIEM.
AR T A KN E R AIER B A RFTE, Wil EiE IR ER R, b

Ve ERVE R FE M BEA M i a R S S 0L
M, & F7E 550 ~600°C, 0.4 ~0.5 GPa Z[A], M M, 3| M, 5 pOp B, oAy Fig
A TR 2T TR

L. REMEERESEXMBESS

PR R IR Rt R, AT LB R (F3-3):
F3-3 URMRKEAMBFEGSETER

it AN L B AT B4R, HeBRYEN
. T R LU A R 5 A R A — U .
2.8 Ga w1l sh 21X A E5 B w2
2.5 Ga PRI =T 3 F BRI SRR A
R ety | A P K LA A N R K L
25 196 | Fiemmg, o | DARRWHAEAL TREELS | BAGKT (H). ME KL
" ' fﬂ@ww’ B M RMEHS, HTE | R . S8 E80UmRe
: g IR
i e 51 ]
SRR T A mna | LIEREAT REEARa
BOGa s | AREH ;ﬁgﬁwzm&ﬁ&ﬁmmmw MR RS T R AT
T R AR . ARk
PR LT X R SR A, DT
L 7G| THE KA | KR G A BRI B L
' T [P 1B, LA ORI A T B 0
BB
_ , TR - A, AR 7 A
= A m -
PRI A B | R, TR AR
ok 3 . | DOTER RS RRLTAT R -
AR sty e BREINIBIN, FH NNENE o) | SEEMmBALE S mantkesn
) B2 LTI AN
g | BERACERHEGHR, HL4sR@ER
B ALY HyB S BB A

1) 2.8 Ga b}, BliBsh, Kl & 8oy (fRAN-RRRAT) KB
ARAE, R AR i R 2 R A T R A AR

2) 2.5 Ga, FAMEFHLUABKWFAFENRAAE, GRTHH AL
BIS3 5, A FARR 2.8 ~2.5 Ga 0, FEIRMRTES . MR 5 15 70 2 4 o)
B 2.8 ~2.5 Ga BUSERBIA 2250 (IRBk4E, 1988).

3) 2.1 Ga, LUBEHIGHGE L2 TR A FO0 I K L) 5 B RO T 47 2 T A T
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B (WRBIRE) RRHE; RN R USRS, BT IE & RER L F R —
BoEh SR R dr i, TIART B EM B HERmEEEL S .

WoolURE, AdUi S AL PR R (VB 1998) , LA HL R & A A 5
BRI AR E (MR B4R, 1984, 1994) , 72 BRI BL, s RN E
W, BRI R AR EUR I BORE R T AWUTR A, B BRI Y
—RBERETEMERATE. R, b X AT a5 It K % a0 BNk
B O(8AT) R (FRBkdk, 1988; ARSTACEE, 1990; Yang Z.S. etal , 1988; Wang A. ). | et
al. , 1998) ; Ao VI K HEFR G BE WRAE I 5 -k U TP B - R IR A L 6 AP AT B AR 1
B, WREEREIEA: (k. 1988 H/IESE, 1991; kI, 1993; gL,
1993) , ERNEFGIIMERYIT- R RIS R A TEE (KA WHII=8) hEE
EREMZEFSY (BFRESL, 1994; MR-, 1995),

4) 1.9 Ga B, R4 B¥NEZN, XREREHERLER 0N {CHERYLE 2 T 849 M
PR HE- 18 DR A X A8 T R A TR AR el T L AT R iR B A W35 AT - M e A T - e
PEARTE . X —iE (UHPETE M i i AL R T e A

B Bz gt R IAR Y AL A -BRBR S A el R T o, BRI T e, WA
WM. KA., WEH. SERGTMBRNASTE (KA, 1988; #) A4,
1990; BRAEAE, 1998); BARIRFED 6 RO IR 0TI b 3 o0 A ek . M TR T i
(FERIEESE, 1995; §%, 1987; R, 1995; Z|HeBEa%, 1994, 1995),

5) L8 ~1.7 GatflH, JTAMR S E . IR R AL KK EA,
VI B L IR By A i AR R A I B AR, RITRB B M MT AR
T8 B TE .

6) FPrER—EEN, FRAEFAWREE R CiEL, BRI hRIME.

7y hEAR, AR TR, MR TR RESE- SRESNEN, BT
NNE-—NE [a] 82 F0 o e X i, 7edll it ie- S0 am a0y, IR R4 =
BRIET R, WERET . BT, 5KEeV. 5540 % (M54, 1990; 815,
1991 THHE, 1993; EIHSE, 1993; REBEE, 1993; Xk, 1996), (k4B
YRR R b A 4b B S R B AL A e vk A UK B T

B) AL, MARDPENWEBE, WiEL T NNE—NE [, HigitiEs, &
R RS T Z B

F-W ETEETEHE

LA X Ao A BUS R S S MR A J s rh = g KT, BET RLE
Wah ., BER . BWNOEPE, XUAESET R RS RE ., ST R,
L, B BURIE . R . R RS E R Mk,

—. Kit#aig

TR T R RS R R THP BRI RY KRR s e, Kid
AREGICEHN, HHRE RAEDSOLA R AR AAE, R, hEERTIRBX BT
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KRR (STEER), FARNTURE R KBRS AR R, BURH LS 3
MGARRT . ERRCE N RTAR, BUA RS KRR G SWE Ry — 25K
KA K R R ER R RS . e MR L, MR KL TS SN
%, BRI R A OLE PSR X OLEMF RS EREMS, KR
B AR T R IR, I R BT —EWEAME . 75 B IRIGHTT
BURH, AU S.ORE, ST TED—RA—F, FEARENZRER,
BT R R AR AL TR B RS . AR RSCF IR R ARV, SR EMELL, X
WG ENEES, 3k BN RAE, BOEERMI IR, Bk, IR RZIIRRA
H ke R R

KA, TR RABILERBICT & 7 MBI T R SEADRR £ A0 0 A & e fR ik
BREGEE, ERREROHESBYY TR ERRERT . ICRFAICE MR T2
AR RREINT .

won B ES A, REEAG. ZAERMAR. BRIEHURTENAE- &
WD), AR R T 2RO K,

B, IARER IR BN T R UURAMR IS A,
T HRATAM SRR S KA BB R B A R B R R

. AV EE

B AR LA A R T AR AR BT IR IR F 0 . RiRE a4
. BRER., BB KRR, ¥HAAWA ST RS, RN ER
U EH & B SRR L T B i Ao BR R S R A e R .

BRIBAET WS FIAREH PN MBXE, TEMMTFITHED.. R, &
Wi, HEEAFRAEOEHROHERFZGHARK R BRERCE . DS8BHEN S, TREHR
HILEIERS . BRBAET EEEANsa R, This, BEEMNRHcARNEH
B, JE 800 mo L ERA LA BEE Bk B AR oA G B 2RI O RRAE, B EEROE CE e
. SMEFANSREN AN BEERETN.: ROBEEE, RERLE. R R
& Bza. BEamE. REEEEA—EUPRBE A IE BT, JeEME X lE g
Ermstledh o Bk L - E S

BMEFERASANZ. RPHNZRERAE CMERET IR, RSz smacs.
R, WA . RBEAHTR. g, LR X B E TR B IE 100 EFR () X
—HIS AR S ME R PRI E R AR A EEN .. T KN ST S A SR
w, HEESTARRE A TERENSERERK. AKX LE, &7 Vs EEELE
K, HEMFSAESER R, SRR R AEEERIEAT] RIS, mE O EE. RIRHER
W WAGAFER (& 3-4),

B OUE G S TE R LS A0S 6° X4 1500 m fFAME-TRIE %, BE > 400
m, H.EWForA: W BOR-FEURESREA RO RS, Bha R iy, @y
Py, FE>148 m, =B WAREIERS. BRamil gk iy, SEmRBLE.
TAMGAE, F153 me B MEERARCE . WECERIDARMRKIREE ., BILE, &
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T=-T1 =1 . GKEERESNd DT =
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I | rd LR = —
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34 ITHRE I HM S W RARR T E e
(LA, 1998)
A—ERHRK; B—REHR; C—RigK
1—fHRAIE: 2—PRKER; 3—BIERG, 40 B, s—afiu aBmilad; o— B3
ey 7T—RSAERCE, SRR A AR oA kadirig; 10— Ruh
A U—BS OB, R8BS0 B—FWESHANES; +—R=Efid
TERE; 1S—des; 16—k frEhs: T—Bealks; 8—ANIEER

BE>102 m, —EREREEFMERAEHE.

REH RN EWMeR, RIEE >800 m, A W FAEGHWMEE. WE: ANZEN
HESMKRhLT, BE>100.9 m, = Wars 5Mgge 8E, ER220.5 m, B
PR EENa ERATZRARK AN, BE 3218 m, SRANEZMEERLS,
JEEE >118.6 m. TREBEREHFERBEAERS, SEREAREAEMRXE,

FABATTFSWERUBATFFFEERLATEWEMASIEHINE, SE2EEY
800 m, PUEL. WEekiudl Kk Adbe, EES118.6 m , =5, S KR A, &
SRR ERFHC AN S . SMEE R ES, BE422.0m, —&: BE K
WRASERDABE AT NS, BN, BE >280.0 m , KIFREZERSER, £
—EBERE,
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HEEET LB L, ST REEEECR, (AEATRE, Tk, Hb, B=R
R RS2 (RS E, 1998),

B IRTALL A S AURE . A AR Mg0/Ca0 AN SI0, G BEMZET M4
R AR R A AT R P AT o

EHETTIRWEEFMES FERRBHANATEERR. —ACoHA=EnZ
JRRCRH, AR AREERELKR, FEFIE O RNIEEEE R Z, WK
Ao KABAZBBRE PO IRREL S TR E AR, RIXMPTR, Feig-wi il 17-KF 0
ALY 2R 1676.2 m, fRKELE3569.2 m, i NFEED THR-EO—
", SAHIKSE. TR, FETEE. T B ISHE R B RS RS . FEEIR-C
AR FEERCEPHBERE 423.6 m, BERIEIRE 279.2 m, BEXREEM TR T
BT . WO L E A RIS AR E R A MR, IR R
T REL— R, EREPTURREENIE,

KOHA=Z B e MR EERF BB ING (BET . 8T AHE. A0
) BEERL . B, BRESD (e, Be0E, BRERE). REEE0HE
MahifeR, ROWE=ZBRURSE 4 MECRBMARAS: DHaAREE, ZHErX
HA, BT HAEE. THAHE, QREERATAFAREERAL: OBRERK
HE, AaE: @hE. TEEERKMEE, &EAaKMaRASERE Fafmf — SRS
¥, SEM (U0 M—8, JFRAEEICR. BT EERE R yaa g s Kl
&, B RES, B0 s aad eOniEtl, S8y REEfnasm s
R RERR S WOV IRBRRZ A6 e OREER , HI3R 7 52280 Ol
ERE SO RIEHEMRRR, QYERT TR ST EMY.

N T LT PER NG, FRHEATORKESR; RATYAIEASN . B4, &
Hi4. A%, fEin . BT, W8 NRRS F. RO Ay Pena, kavp
NEET A= G, WA, TSRS RO., #KO. AT F, BEMEERNG. &4
A, B4, &5, WlRa . ORMHHEHEG S TRUR N, WA g RIeam DR
e PR LT i, GAYIEO R RS R RIEESER.

=, =EhEE

HIOLE AR REEI E R P . EIIRRNER (—8E) PHrEd
EBO., Rk, SSRASHRNEZ 4 PWEIN-TAEBE (CReH) (E3-5), &
KITESIA A A RERRT YR, 2 TREFILZEVIRERER . TRyt
IR, TS ALTESIA KM PCR IR AL (AR, 1998),

AP IEE R, Fe,0,/Fe0 LR K, REZMHES RN TFE LIS, Eh
ARRKT 1, FFEMKAERER (Baley M. E. etal , 1979) . {RETIREREL KEIE R F 1 ~3
m PR AT B B4, BB AR S VIR Ak e M. S0 BRI TR TRt
KAEZAT K,0 Fl Fe, 0,/Fe0 AT, MATET 5 AU RR Ak 2% 55 1 0 2 10T G4
JRZEREI=4 (Peng Q. M. and Palmer M. R. , 1995) . Bl UTEEFET] fig r { A BT
FARTHL U FRRSE S HDRE LS (EFHMEE, 1994, 1999; Gresens
R. L., 1978; Higgins M. D. and Shaw D. M., 1984; Huichiser R. W. and Engels S. G. ,
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B 3-5  HURIMHATTERIET AH T IR RS
CHIEEFEE, 1987, B0
1— RIS 2— B BN R . 3— Rl R a— SR A, W KRRT .
1—E LR M 2—ILRE B 3—& N )as; 4—THIESkE; S—RBHR/A; 6—RMR_5T:
TRk S—IMALAR T O—SEERH: 10—RMARF; 11 —REaE,; 2—RTTEH

1970) , ZEHIST A TFHRERESAE TR TEEFIE (Slack J.F. et al. , 1993, 1996)

HEMARDEERBRL AR BEANTE, URYETHA . 28RN
B, fSmigk—EE iRk, pH B9, U S P REFREE A BRI ST BT IR £ AT
FIM ik (FFEETE, 1992), s, e G RRSNE, M SE KT ES B, Fe,
Mg. Si. K. Na DIF CO,., SO;, F~. Cl-F4H4, RAUGHFTEDEKNERIEN &
HE, BRSNS -TIRE S T A B K B . SIS R b A M R
AR E 6130(%(:\-«;;“3 +9. 1%0 ~ +21. 5%0, fhT& MR M iR IR 297 60°C LI
(LA %, 1999), MR E VSRRV HANEMNEME RS F (Harder. H,
1970; HoekESE, 1999),

o B, A EURIGE & A R BE RN A RIS, A TR TRLEL)Z
PR, BEEHMSEFIHE, RS sh hBATE, LR IR s wim s £, e L
Mt K S AU A A R TR TUES LA, T RENIER, BT AMNSET
B, EHEKNERET, R0 AR, SRS, EHZERRE T, ook
g, MIHEERERERAREE

W E UK A, T UL A fE A A i B R . oy U, RS
LMD 300 km, b 100 km (BREIREESE, 1984, 1994), HMBETITY (ZHFWH,
1987}, FUIRAGHHELTFHEATEM Che17° ~28°) WTRENMTFRENTFRE, &
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HOILRE 0o Al T 32 W SO B PR B i — 4T B 7~ — 1 o AL MR, b e 2 H0h0
Wo RPEEHRE., PPHES . CaO. MgO FHIFRILFEIRR, KAt S @&t a4
g b T e ) A DA RIS A — 1] S MU W B R AR 2 F 28 & AT — I P 5 AT
(FWKRE, 1996) (F3-6), K, ZBEW T THESHAT-EWM, BRTFRnLE
RUT UL, HOUERIE T SR FRT A S s, AL,
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B 3-6 LA oot AT R S A e B A g
(REEASE, 1990)
| —EEFENTA,; 2—HMM; 3PN, 4—MITESHM; S—REMHm; ok

BN LR AT 0 2 hE R EERGDIBERN, A RNER. Bg. 221, ¥
W GEAR. BUR, TR, WERSSE (YRS, 1995) ., EEBGAERAT/E T, i
R FR PR RS, A IR W R RS BR 460 R R IS S0 T 2 AT BT o2 IR
AR IR A A AR 40 ~ 50 om BALEBPR AT LZE . HP A MAn By e i
Y, FEAA60% LAL. WHRBETEE 2 ~5 co EWHAGCFELSE (B3-7). RH:
E”)}ﬁ, F'Eﬂﬁﬁﬁﬁtﬁ SMSV(IUT (%0) %23-9'“26-5(; E'Ejﬁ:ﬁ\ E‘%ﬁi%*ﬂﬁﬁlﬁlﬁﬁ%
AL X P B AR KA E A E, TaRBHHER S RIIRE.

ROaHZUH K AT ERERREER (F3-8), XULASST N4 HM
&5, B—UiE GRS UREE, SR T HRBRATIARN, BE-BIBR
BOamAzy, MAERESED; HRIRAHAS S HSE 2. Toh w23k
HEHMASSSEITER CO, (LR, 1996), BRI FREEESET .. LmigkHh Mg® %3
BE, BEEEAREK G M BEASZA, KT G’ sl M Mg AN, X
NREAEA R Mg” ' BRI 28T,
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P 3-7 ALARMIEH UK O IR ZE B 2k 1 B b A R B T 4L B A
E—ARbA: A—SMEF RTS8z

3-8 GLAH O RO BB A B R G

M. B #3iE

SLARH DX IR G2 R A0 DA P B g 15 S5 s R 2

RIS MR BB - R e 2 5 — S A R T B DT A S 1, o ol s
T i W R RS RS HRAIE T80 0 s KRR i 1 B G V2 (e M 205 o T SR A 0t T % ]
Gl R4 A 0 1) LRGP RS 1R R4 T 3R b DA H (A7 A B B PR AR T 4k

IRIBRNCR BRI IR, K Z B2 R RIEghB IR EW A, I T EW 4
ISR, RGBSR, BEIR, LI TSR — S0 RRB I BE O . SR
2R B AT BLASE L B 0 A AT B R -3 S0 -2 i T L 15 A s (s B 7
BIR) « ROV R CURL 1) R (NG RN 0 ) . S -l 11 &L ) (5 -k o
WAOWKR) « ZFOR-FISITRE (RS AW R) & (IR, 1992, X3, 1996,
FERdLAE, 1984, 1985; ZEHAWE, 1994, 1995),

FIRIESIANGE T KA AR A2, WAL WRE (B e R ER
SR TR P B BT TR SRR 5 0 BT, W J2 0 A 390 2 0 0 470 35 0 2 e 3 1
A, 5 DURAR BB PSR AR, TR GBI s il . W . SO 0 e, i T
A YIRIGERS AR 9T U R TR VAT, MO R AR AR Tk
LB 52207
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DFoTEE, MR R EE (DA BYRITIIRSS, SRERMARUNE EAEXGR,
243 A SR T Q0°HT, FLEMDY R AR, Fit, ERAJA-KESAT KE, Eil
W5, FETUBAK 3 T A M RE T R RIAE B, 38 B R4 S e 3
(B 3-9), Z&TFH AATTE (908 5 L 75 480 MR 350 185G, B0 PR 40 7 Hi B 1l 2 100 A i3k
65° ~75° ([F3-10), MixsEEH . SREEHESHBMMATEZBL, E45EREH
Tk, R EW WE BRI R — R m AR SR S-S LR, thEE
ML) [E] R BB S B, W & B - A BB E W0 IR, & PR TS 48
#, WML PR M GKRET A KRR XA RERE ST A
. AL AEa s (IBE T ) 3R F EIRE e SRl S8 B R

T T T: TR HIHUEUHU AR T T 11| 2,
IHNENENANAEHHE N ) v "
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B 3-9 SLEela RBEE
(IREHFTE, 1991)
1—Fndr s 2— WM R SRE s 3— i ARG ; 4Rk, S—Bmr b RAY: 6—REgk
HORLS . MRS T—EATEE . RZBhE, PSR, 8B AR 9—iiwx;
o—f¥EHA. A V—WE; R—A84R8: B-AKARK: M—REREK

B RIZE) EW RS BUR M RO ik, O E R, TR R A
ATREt A TR A R, B RS A R TR A T B AR IR, IR LA A
EW HE R, FFHRE (BREPK—STHAN) BEMRILM; Hi, XEmRE
PR O ARG T AR SR, NEETERETHAR (E3-11), By THEEERE
FPIER, BETOHESSEKETEARLCR. JAUREEAR, £R28FICR. K
AR PR Z A RO .

BT SAE B A PR IR, X Es KRB A EEEERMERFAE. IR
SRR KA R E T B R AEA = | TR AR MR AR ERN TiLR
HEWTRAEH N, LR WAREE (B 3-1); RFHEAaEH NE [ X6
B BLRIE A 6 . WSO SRR RE G ACE T, 1005 AR 79 1) ¥ 2 (R] B S ey SR ok
R AT KD .
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B 3-10 R &-Fille &% 3 ST mE
(IBTHEAL, 1991)
1—HM R, BURIGE : 2—i%kes; ISR E T B, 4B TR a, S—iRie.
Berd; 6—iEas, 7—18s; S—HZNERS, o—Maik; 10— ERE

T IO ACE AT PR A A T VRS E O — R A, A At wl LA BT R S
Gk . ACESIHANER:, BIMIRAN Jefe T RIRRAT 2N, X —FF SBE T M A
K L-PURAR R W RO T, S ER T RUCHRETRMA S IER A ER ., KFEFR
W R e FE P A AAVE T TR A 2R, R IE R JT ol AR i B R HE R A L
Fhr, WK, HARELBRAWY R EZRET A, FABRWREE R
BRI AT PR B I HIPER (W45, 1998) o HENI Y By 2 RIRK A< VG 1) 3%
W MTE S T8, SEOR A M- HIR e B M-I R R B R, BARGTA
AON-ULERE M, AR R, B, BREMmITNs, FRE NS,
HARBE RS RART R A GG T RERM, X 5HR LERAWM KA RS S
TR H R 2—E M.

AEFH S MBEAT Y, 2040 3 I — RO R I A PR R 20, AR h i S D Y
W3, AR SR SRR BOR MBI, BRSSO R TR A R
B, BRITW., B B ERMPOKTTRLE BT R

LR R AR E M E TN, EARRK+aAT, BETEETRET IRE
FEPRBCEDR . PR R, Mo, ot KED Y R0 FEIL 2R i W i e o
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E3-11 EBEEREFHATIRE 15 SR smE
CHEISASE, 1987, #B0)

T3 5 M R = A DY B R H AT AR 0 A s (AT B A (R R TR 38, el ik S )
W BOR, ERE. BHR. SR SR FEREKHARL (F 3-12), 7K
WIS RN YO R E, ALK PRSP TR 710 2 2R
PAFBTEI DI AR A | MBS SRR Y R0 AR AR, LR AFTE
TR AW RE S AN ST E W TR 5%, BB RETBOT IR, KRR ET RS
(AW, 1987; BRI, 1994; KIS, 1984), BE-KAFBEVHBHZ =54
NE—NEE B FST R IMEE PR, BREFMAO0T, ENRRKRE AT RKRT

= B3

B 3-12 7 AT R R AR R R
(R E 19910
RO X . A—GEHRE-R, B—E SARBE; C—SHRTH; BT X D—EuRe i
1—i0W 45 2—EEcE A g 3—BIPEISY,; 4—BTr M
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fais . HHARZEA NNW—NW i 38 vl G 0 B0 AGR 0E , JUH diis 3R 78 S & M 21
Heorln, DA ET NAE,; PR HES SRS, VS-S EE RN B
FEACREHF T ELF L, YEERay IRE. XENTREHEEN SRR
EREHE “S” TR, RS ORBORATIIS E 0 W R A — R 0 (R A WS
WRRETHET, BEhEat e mE R s, RS R
ORERE, MR TFNEST REBHEY MR M AF EREE M ilgasEmEg
CKEI3-13) , MRS a0 B A i L R i T R E T2 EW (5] B NE [ G248 3 W
oM, AR EEASER, WEMMGEIMX RS NEE @ 4 mH—3.

—= NEE \\ ’1.\

0 im

B 3-13 BBHETIAEEY KFESET RS 1S m §REHHE TR LERE
(2 Jiang C. €. ct al. , 1996)
I—H= A ; 2l Rt Av-fh; 58y

HeAh, B SRS BIER IR B RIS T . ARESREDZE, 8H7T
BRIV FAPERL, SolEZ2 800 ARSI AR 17 B A5 23 W4 B 5 A 1 e
A ZEFTHsY . FEFARY: NNW i BRI Z RS NE [0 E00EH, RS R s A
BRI, MWTTEXEE FE AR AR R W, XEETEMBEAERN, M —i
ARa . HAEE 250 Ma §i#t— A RAAERE, HF7 4 —L NEE (i) # 5% NW—
NNW [ $41

RS F R DB RS Ak B R R B WAL, H NEE [ L
WPETZFPTE X QAR T R R B Y S, BT KR . WivE, BT, 4
W EBAEMH; T NW—NNW R HAGE S FRATESI, T 328 0 )5 (LA H e B i a4

[7) B B R R R ER Rh B 1 A B O S M, RS R T R X A
— B TIR, NBPOKSEA A EIOE G S, BT ER ST R SRS A
PRHE AR R F B, KBTI S A B RN, INBER &KEL 7K,

F. RBRA HERLE

(—) BLURDEH B BaR il A & TV 2 Rk fb 22 5 E

1 ¥ERFHRILS
WEFLIK SRR RV G LU RN IR (K 3-4), A BB A (45
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PBEAORE), @S EER . KW BATTSIY R a & e scn Lok
ARSI RIETR AR B0, &5 Mg0 BIEAASC, 5 Si0,, ALO, il CaO 214
kK, HFBHWEESESOF Mg M BXRFY, MRk,

=34 IFEFBRMTEH. KEEEETESHEE (wrp/ % )
JLIA - .

AL -] k-2 e iE8-1 2
50, 32.96 27.58 6.29 17. 79 1.0
Al Oy 6.97 5.08 0. 69 0. 61 1.43
Fe, 0, 6. 50 9. 46 2.78 3.36 0.99
Ful} 4, 95 4. 86 4. 11 2.47 0. 84
MeO 28. 21 32,14 45. 63 34,31 33.55
MnOQ 0.19 0.24 0. 32 . 62 0. 20
CaO 2. 89 2,82 2.65 12. 65 18.15
K, 2,58 0. 28 0. 16 0. 00 0. 003
Na, () 0. 51 0. 54 {. a6 Q.00 011
T, 1.00 0.25 0.05 0.022 0.07
P,0, 0. 12 0.03 0.02 0. 029 0. 00
R, 0, 7.97 9. 06 36. 97 0.51 3 52
Loss 2. 74 6. 30 0. 63 28. 54 37.04
Turtal 97. 41 99. 63 10(. 93 100. 81 96. 91

2. HEREMIRLE

U ESERREREAS VLA EZEMETEA M SRS, R MM, B B, Cd.
Cs. Sn, TamH A EKE, NP B, GAESEXEERS, —HFHWSESH RN 362 x
107°F12.90 x 10°° | ¥RAETIRTIME K 41505 30, 17 18 22. 34, SHEQ RIS B B
5k, SWARBEIAXEEREENSHES 4 U2 3R R 800t 2,
SEERZIML ALK ETTMR, R —EREEL A S A B R —, Cs,
Sn. Ta G K912 2.38, 2,42, 2.58, AT Mo, Ph BI& BISMHI SIS S . Bhe
A, Mo B9 Ly 26 x 107°, K {24 2.36, Pb & LA 15.63 x10°°, B3 {EF i
B, HMTERE Nb fIKfEH 1. 05 4, HEARBEF Rl ($£3-5),

FHERTERAEINB L OK S EIERK, FL A8 SREE {({% 13.74 ~37. 65,
I 25,59, LHbSEIRRGEL S SREE L9 21.84 31T, SCe/SY % 1.13 ~5.53, ¥
F3.75, eI ERAIMHER, (La/Yb), E#1.7421.79, 2R EIEES L, Ty
i 11,21, Ew/Sm HFH40.23, Sm/Nd ETHEY 0.23, S0 I SITRS KEIE AR L,
ER LA E b, 7 ~9 SRR LR S R ER L AL, WY S aRR L e e R
WARMG, Wik B2 SREE (H—M4 5. 178 ~34.78, ¥y 24. 247, L8 B Ao I 4 4 #% -
TR TR PHEEE, SCe/2Y {4 0. 683 ~3.53, FHN 1.75, WI2MH 1 3 8 A B/
=, (LaYh) {55 1.4 ~11. 03, E¥{EN4.795, Eu/Sm {EEH5 0. 123, Sms/Nd {E3¥
¥4 0.255, EfSERAEANEERHL (£3-6; E3-14),
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35 IFMRMTAREEEERBRERYEE (105/107°%)

o HA Ti Mn P Ba Be Co Cr Cu Ga
HRET TH
S AR 5 438%6.80 | 403.96 | 624.20 [ 518.44 | 0.67 | 14.4 | 78.27 | 35.24 | 17.68
A 20 3786.95 | 621.58 | 620.20 | 436.55 | 1.28 | 11,77 | 61.66 | 33.58 | 19.17
gy o 11 2011.49 [396.19 | 559.78 | 364.3 | 1.03 | 7.28 | 47.22 | 1453 | 17.43
SRR - 108.37 | 790.84 | 141.99 | 86.37 | 0.50 | 1.94 | 6.62 | 34.11 2.5
itye ZapiLtngray 10 149.25 | 691.55 |342.87 | 24.84 | 0.74 | 7.39 | 7.11 | 10.96 2.5
RS EET 4 79.14 | 763.48 | 781.93 | 16.96 | 5.15 | 10.53 | 3.8¢ | 9.50 9.17
ToH h
s - Li Ni Pb Sr Th ¥ Zn S
W, S A 5 4,32 15.28 | 42.79 | 147,33 | 15.59 | 55.84 | 46.65 11.39
R 20 19.94 24.38 | 33.14 | 116.78 | 13.24 | 60.06 | 83.99 13.20
ks 11 5.15 6. 87 33.54 | 204,97 | 13.26 | 40.38 | 3233 £.23
NS S 3.78 3. 87 15.63 | 146.43 2,51 11.28 39. 03 1.35
WY H 10 2.70 7. 43 13. 97 17.79 3.77 42.41 | 69.79 3.93
i ag oSV ] 4 5.92 1. 14 25. 18 66. 28 4.09 19.13 | 137.27 5.01
TLHE BT
Cd Nh Ta Sn W My RE Cs B
BAHHA T
M A TR 5 2.96 21.35 | 9.33 | 6.26 | 0.8 | 0.42 | 95.80 | 8.40 3968
G 20 2.90 27,69 | 7.68 | 7.03 | 0,87 [ 2.47 |120.10] 9.70 |1150.95
i 11 2.99 26,49 | 7.00 [ 11.92 | 0.85 | 1.37 | 52,46 | 7.91 | 351.64
il P 5 2. 90 20,98 | 645 | 6.04 | 0.8 | 260 | 4.80 | %380 362
A By 10 2.96 .78 | 5.5 | 617 | 0.71 | 0.64 | 14.90 | 12.10
s SR 4 2,35 52.32 | 500 | 9.70 | 3.58 .95 | 1.63 | 7.00

HARERY

20r
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it
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¥ 5k
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ik 16
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B 3-14  BEURIGH SIS R G 58 A AR 2 4 insist
LTI AV A REER L AR
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£36 IFEWVTERESERAEERITESR (wvy/W ") IMHXSY

i La Ce It Nd Sm En Gd Th Dy Ho Er Tm
1 5.6 [ 1802 | 2.6 | inz | 5.1 0.3 | 6.6 1.2 | 7.7 1.9 | 40 | 0.63
2 1.6 | 35 | 0al [ 1.5 | 0.32 [ 0.035 | 0.37 | 0.055 | 0.33 | 0.1 | 0.28 | 0.053
3 5.3 177 | 2.3 1.4 | 35 | o2 a0 [ o064 | 36 |08 | 1.7 | 0.26
4 | o8t | 23 | o030 | 13 0.5 | 0.051 | ¢.57 | 0.11 | 0.67 | 0.15 | 0.32 | 0.06
5 32 | 81 [ o077 | 27 | os6 [cosw [ 6es [ 009 [ 046 | 011 | 026 | 0.0
6 | 055 ) 0.8 | 0.10 | 035 | 0.11 | 0029 | 0.11 | 0.021 | 0.22 | 0.670 | 0.27 | 0.073
7 [ 073 | 1.8 | 022 | 078 | 023 (0082 023 | 0037 | 023 | 005 | 0.14 | 0.03
8 L6 | 9.7 1.1 | 37 o7 [ oos ) 067 |01l | 0.67 | 0.14 | 0.40 | 0.086
9 59 | 13.4 | 1.6 5.0 1.1 | 010 | 070 | o.14 | 0.70 | 0.15 | 0.33 | 0.050
10 | 087 | 224 [ o2e [ ooa | o2s [oo27 | 023 Jeo3 o2z | 0.05 | 011 | 6025
11 | 0.677 | 1.394 | 0.156 | 0.632 | 0.151 | 0.027 | 0.123 | 0.022 | 0.123 | 0.03 | 0.065 | O.11
12 {0882 | 2015 | 0.213 [ 0.737 | 0.171 | 0.043 | 6,105 | 0.016 | 0.105 | 0.024 | 0.849 | 0.010
13* [ 2479 [ 6.764 | 0.838 | 3.437 | 1062 | 0.085 | 1,195 | 0.207 [ 1.253 | 0.303 | 0.66 | 0.040
W | 20 | 57 | 0.76 | 3.4 .2 | 0083 | 1.3 | 0.23 | 1.3 | 0.30 | 0.64 | 0.10
15 | 2.3 57 | 0.58 | L9 | 0.36 | 0.076 | 0.39 | 0.0490 | 0.27 | 0.07 | 0.16 | 0.04
6 | 66 | 156 | 15 54 | 0.98 | .31 | 1.1 | 0,14 | 0.64 | 0.14 | 0.27 | 0.039
17 | 59 |7 | 11 29 | 054 [ 018 [ 049 o063 | 036 | 007 [ 0.19 [ 0027
18* | 42 | 967 | 0.98 | 3.40 | 0.77 | 0.16 | 0.82 | 012 | 0.64 | 0.15 | 0.32 | 0.05
) Yh Lo Y Shee | ZCo/EY | (La/Yb)y | Su/Nd | EwSm 5Fu
1 4.0 0. 46 39. 1 110. 39 0. 683 1.4 0. 39 0.06 0. 16
2 0. 052 0. 09 2.7 11. 86 1.64 3. 08 0.21 0. 11 0. 31
3 1.6 0.22 18.7 70. 98 1.25 3.31 0.34 0. 06 0. 17
4 0. 45 0. 061 3.7 11,38 0. 87 1.87 0.39 0. 10 0. 30
5 0.29 0.038 2.9 20, 24 3.2 1. 03 0. 21 0.16 0. 46
6 0.67 0.12 2.2 5. 73 0.53 0. 82 0. 31 0.26 0. 81
7 0.25 0.041 1.6 6.4 1.45 2.92 0.30 0. 14 0.43
8 0.76 0.16 5. 0 27.06 2.32 4. 74 0.20 0. 68 0.24
9 0. 43 0.071 4.8 34.78 3.53 13.72 0.22 0. 69 0.29
10 0.21 | 0.037 1.2 6. 92 2,23 4.14 0. 27 0. 11 0. 34
1 0.103 | 0.017 | 0.741 4, 25;7‘\-_; a1 6. 572 0,239 | 0.179 0. 352
12 0. 101 0.016 0.624 | 5.178 2. 636 8,732 0.232 | 0.251 0. 768
13 0.686 | 0.102 6.405 | 24.247 1.75 4.795 0. 255 0, 123 0.372
14 0.76 0. 097 6.9 24,77 .13 1.74 0. 35 0,07 0.21
15 0.30 | 0042 1.5 13.74 3,87 5.06 0.19 | o0zl 0. 62
16 0. 20 0.026 | 4.7 37. 65 4,19 21.79 0. 18 0.32 0.92
17 0. 24 0. 040 2.4 26.2 5.75 16.23 0. 19 0.33 1.06
18" 0. 38 0.05 | 3.88 25. 59 3.74 11.21 0.23 0.23 0. 70

Mo DA RRS TR,
BLGENG: 1 MEPRFEMRED E, 2. ATREETOT, 3. HTRRRRMSRT 5T
4 BOREFETEER TG, S SURA WIS A
BGAL: 6. FHHATHMERT T, 7. IRERTET T T
ABARE: 8. BK-LFRMEATE
RETNEW: 9. REATRMRTO R, 10 LERERMEELT T ;

o

B AR

11 @RS o0, 12 @SSy -SRMELTRS R

BEREERNFH. 14 TGN 15, BTG T 16, KUkt 17. SUEE &6,
13° 81 - 12 FRP A0, 18" B 14 ~ 17 BT #(H,
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3. BER{RMBEREEFE
HEKEAAT ARHEFME (£3-7) 16" Opow (%e) {HA 10.64 ~21.49 2
maEfk, SEREN 164, SHFEEENBRES 67 Oguw (%) {8 14 H{LL, T K,

B LA NI AR BB R T o
#3-7 FUEAFFAFERXBRERALEITER

73 RiERA | I B 8 Osyow /%o
1 [ RE—ET SRR A5G 12.87
2 Rk« B = A PE BH=ZA 21. 4%
3 R &7 EPiwN: b HEA 10. 64
4 R a7 FWEERFE S 18. 09

#3-8 EMEREAREARBPHECRSHER

& TRET v | 5B/ TR | REER
= R e HER +65.9+0.4 +67+0.3 =g (] Loy
WA A 5 G[E= ¥y +6.7£0.4 +7.0=0.4 §5 il D
S A AR ﬁ%a +3.9+0.3 +4.5:0.3 Forfilisg O
e GG 4+9.7+0.3 +9.5£0.3 ey + T
iz AT +9.4£0.2  +9.220.4 b2 iy D
2 o AT +7.9+£0.4 +8.3+0.3 =i D
ok R +10,9+0.4 +11.1+£0.3 =gl @
v ik W +10.350.2 +9.6:04 | EAg @
AR s +10.220.3 4101 £0.2 Al €
* BER + 12,767 FE Al @
B BAH +6. 835 5 Al @
7k WD +8. 318 W @

= IN 2oy 2 330 +10.2 0.3 +10.1=0.2 oA 63

FERR I E T H BAn +10.930.3  +10.140.2 BAFF 3

ARG T D HARTEE A +10.3+0.2  +9.6+0.4 AR &y
Cg Bt B +9.720.3 +9.520.3 AT @

B aH CRawd] +9.4:0.3 +9.220.1 A @
AR R S ks ¥ +3.920.3 +4.5+0.3 kAT ()]
A EHE R R W FH +8.1£0.3 +7.8+0.3 BAET @
BAIERE ) +0.80.3 +0.920.3 A )]

HutR iR MR +10. 11 TEE @
WA M A +9. 97 A &

DR OREBRYE: OB -LEE, MAEELFFRZEE Pamer M. P.

RBIFESI 5
68
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AR A 6" Copy (%e) HHM ~3.35 ~ +2.1 (FKBRAEZE, 1984), AR{pfR,
AN T4, XRUIRERE AR E AR ik, B TR S m e kT
HrHERE:

WIRGI RS ATET R 3-8, 8"B (%e) B8 ~11 4, SEHHHMERE, 4T
Wil A e SIEEMELAZR (B 3-15) ., B R4 BRI 50 R KMt e LE g,
MR BRI E SRS, A KRS, thEMR AN RS T Me, O
HTFH#M B I A (Barth S., 1997; Jiang S.Y. et al. | 1997; Kakihara H. et al , 1987;
leeman W. P, et al., 1992; Nomara M. ct al., 1984; Oi T. et al., 1983; 19934,

1993b) . ENTAZRREHEM T REMNH . S FERT YRR,

g it
I 117171 T 1T T7TT1]
#1173
—— 1
HE
—1
EHFEER AR SRS
| I NSNS SN NS ] LA 7 A
AR
— 1
=30 =20 =10 1] 10 20 30

B 3-15 ITARMY EFSW R EHD T ERE AN E AR
(4% Spivack A. )., 1987 Swihart C. H, 1986; Plimer L R. , 1989; Slack L. F. , 1989)

(Z) ROWEZBOR SRR EL A &7 W EE 1 HUER b2 45 1F

L ¥ ETEMMRLS

KABZ B O AU AR B IS E, HTHE—EmMet, S0, 5 Mg0, Ca0
AU XA, T MgO JEIT 53 2 R Ar HIEMR KR,

WEAALERAFMRE (F3-16) EWREN, KEF— LB — k2% & i
LEFET . FEAME. IR B K S Mg0 >20% , F o H-iT K % &5 K,
MgO SFIg &80 27. 08% o —Jit MgO >20% W ARA ZEED B 2B, TR 86 XA Jopibiss
B mE. BOEEH, RBLEE, RABHAR)-EEETNERE, S0, THs X
T 50% o BEHIX—BOMT T LR A B K 0 R

BREREL & CaO/MgO HL{HRAT R H RBEW—TF, & 5EA T 9 R4 55
KFo IO HEMRMILE (MG >95%, HEA <5%) Ca0/Mg0 »50, MgO &
BH1.085% ; BERTOESHBAGRMGH Ca0/MgO 5 4.0, MeO 8% 10.85% ; LI
A=AAENBRBESE (Haf >95%) CaO/MgO #iF 1.4, MO A H N 21. 7%, 4%
BT YU HZ A MR ETEY YN, CaO/Mg0 WO FORFE, MgO & M Feii
BERE. MUBHZAHRE (OZ675% . BHF 25%) Rf, CaO/MgO HHY 0. 84, MgO
BN 28.18% ; BRALMBET (AEG 5%, FEED 95%), CaO/MgO {13 0.03,
MgO & FR 43.943% |
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LA
MO B

CaO & B{va) S 2%

< 14
i LA
B ¢ 20 40km SO B (v 28

HHEA R

CaOMeQEE S

20 40 km

B 3-16 IIxRRKam=BIELAFRSEELA
a—5a Mg, Cald, 50, {4, b—CaO/MgO Ho{f 228
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IR EEIE S Ca0/Mg0 HL{ST A RRIEEh a4 4 25, SRS . SRt
s GEEERATAIR LINGE AEEh 5 O EREEEL 2 CaO/MgO LS HAE M UE W . D%
BT R S, ORI ST G @QREREFARTEH-IL
BHIX, SS9 anE s SERFS S @FED B MIT Ca0/Mg0 H{H 2. 2
T ; @RS EEE CaO/MgO WX EREET G MBFEH SRR .. S5 ET Y
RAarH—3,

2. B aERNETLEMBRESE

THRBET SEESMNE LR EME, B aBRERa A (£
3-9, W3-17), HPEBUT T aH LT EEE TRee 2 17.29, 5z A RIEM 20.76
R A0 Y LRee/ T HRee 4 2. 53, S5EZEARIAA3.27 #F, HHTIHMAE
At oo F— 1k, MR ERERY, FEEef o Rz EE 2R
Ay, BMEATEREYS, THRBHET AT Sv/Ba lHN35.7, SRGHH-EBEH
SERKEEEESARRYT (Pud®) W Sr/Ba HO{H 38 BEL, TTSTREE (M) PO.5 KN
% (gys) H0.4 MZEEG, RO R ET W ECR R T UIB8RE M8 iRt ih A1
¥, MSHEMERTR (23-10),

#3-9 UEBETTEREEAEFARERITERR (vy/107°) RHEXBE”

Er Yhb Y 1= Ree_s_}: LHee/ 3 1Ree

=i L Ce Pr Nd ! Sm En d Dy Ho

1 10.05 | 6.59 | 9.28 ( 5.84 | 452 [ 2.20 | 2.12 | 2.24 | 3.42 [ 213 | 1.36 | 3. 11 |20.76 3.27

2 B.08 | 5.08 T.l4‘4.16 352 0183 | 218 | 233 1329213 1 1.3 | 3.03 |17.29 2.53

W N —FEVEE: 2—HaGRER. O, TTERNHEE TS50 HRME L LT HEH ot
5, 1985,

100

ol v\,;—’\%%ﬁj—/\/
/
EfF Iy E

Ta Ce Pr WNd Sm En Gd Dy Ile Er Yb Y

B 3-17  AKEEER T 4 REE O =6 KEER T uE R B A e e E

3. BERLRMBIRLE

FAVEL IR A Fa B MAGB A AR R BB aR I T . SR T R
B, HAMRERILE 3- 11, WUEN, FHERESRIGE A RELH 87 Cupp (%)
ARLEEY -4.5 ~ +4. 4, PHHESE TR, SFHET M 6 Con (%) ALTBIE N - 1.4 ~
+1.2, FHEEERETE, WHEREY 500 KESEMABFET AR, HERAN
F .
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FI0 IFRHETHRAGHEEESEE Sr/Ba h{E

T .
pEgERE | wE | 2 sl | SET | RERE | mmRes | Sk
B, R B, P bt o Pt, ? bt d? M, 7y,
s 12 6 2 2 2 2 2
Sr/10°8 0.7 12. 4 1.4 34.9 72.5 85.5 190. 8
Bo/ 16 % 0.3 0.2 0.3 4.5 2822 182. 7 429.2
Sr/Ba 35,7 62 38 7.8 0.3 0.5 0.4

(A TE M D T RS TR AR5
£3-11 TFRHRHRABRAERT . BARAESES,. SREREESFEERE

FRT (S 5" Copg /%o 8" OgyogFhe
11035 Haibangy -1.4 1.1
01022 EEy L2 12.6
101015 F AT B -1.8 22.8
101025 HMA NS -4.5 19.6
01017 BIZA O -0.5 20.2
101026 FIFR O Z NS 4.4 18,2
101023 TRFRO T A A A -0.8 12.1
L1021 SERHTET RIS 0.8 11.2

a Rl ML AR il s X S I Riie e B

P R d T

@ 3-18 ﬂfﬁ&i%m‘ﬁE[ﬁ’ﬁ 613 Cpnn'_swgsmow;{;ﬁ%@ﬁ
A—IEREBHR;: B—¥k1X; C—ZI MR AmmsR

FIFARIAEMEA B 0O KREER 8" Ogoy (%e) TLWEN +11.2 ~ +22.8, HITH
M4 17.35; ZEEH(H] 8" Oguon (%) AL + 111 ~ +12.6, HSTH{IN 11,85,
SR O AT Lo AV O T T i 5 [ 372 0 70 o i o 4 [ 22 B I A S A 2

T A 2 SRBRAR R 4 N B AR R R LR IE AT 72007, TA K WA 8 B (10 35 0 £
D RARR 6, 8V0 1, TR AUR B (M BRER B A B AGEI 4, Talyor (1986) #n
Craig (1953) FRUCHBROKIKRREL NG ATBREEEE 68U C. 60 (EWI B S, IRmEEy
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ﬁﬁiﬁj‘:@ﬁ 5]3 C'Pnn_a18 Osu{mﬁ/’l‘ﬁﬂ(‘:@ﬁiﬁi?ﬂ%ﬁf@*ﬁ@%@ﬂ%g ( E] 3- 18) a
E A Keilk 1 Weber (1964) ROB[BI. Z=2.048 (8"C +8%0) +0.498 (%0 +50)
Z > 120 848, Z <120 BF AEKAE, SRBIIRSEY A =4 KN Z BT 120,
AR T A DT ERRE

7N B i

RISCH IR, WoadifCEMIT RA SRR AR I I E RN TR 5153, S80R A M
8- b FEDHR A S MR EE-RRPE A S A A, TSI T o A -TD R b, S P
WUV REERNEGT . BRI, AT AT R RO T w44t

RV ER, WAL RGN B ERBTEAN, WInERHE,
BURISIH DU B0 15 R 2 A FE i 8 S T SR 2 A K R 2 e b . M A RS
ARG HIETTE, HIf e S g iR, A S JONE S L SR M,
FURE, HERRUE SR R A W R M, AR TE R PO A HIER. S8
TRER, BEERATA HIRREE; TETETERGSTE RN, Bk, &8
WRIEER A FIRESFRHEREHHAN . RECRATHERE, 0%, SHERAsENRR
B, XUBRE UL Ot R, AR AUTERE , PRI e e AR
SABORA T M. BT R K LSRR3R, R0 SIS T S5 A st Fl
BORTBT AR, JERRA P AT SEEREE, BRMKIERR TG . et R T4 50 P I g 3
EFI R AL TR M A ol T AR A P B . R, TERE E R E MK K
b,

SHeRTEHRELAR . EEENTEE, DETRETERA. 57, BAEN
KEHI, FREURE—E AWM, pH EL 9, MT AR RE, Wi ik
E& B, Fe, Mg, Si, K, Na, CallJ CO}™ | SO}~ F~, Cl™ 4|4y, F=0]45HbimFUN
/K BIER BRSO O, R TR —FOR S AR K, B AR N AR R T
A $UR, FHEKEERE S REKRT IS BIESHIERBET MR SN
BRI AL TTRE, 67 Oguon A7 +9. 1%0 ~ +21. 5%0, {5 WIS W% (1987) FR4EH M4
A, A XA BT A R KRS B R ATE 60C LA, I A AR
REFTFES M FBURLLNE i B p BB S K St (AR A0S Bk 45 1 3R 9 3K 59. 2C
T EAT#EE 104°CHRIMESIxKEA (BE4% D. F., 1985, Tueer F. J., 1980) ., X £5He
B ZERRER, ERHTLARBART MENTEASERE, ESENILETT, o
T4 55 7K T A 208 VT ST B A% A0 TR 2 5 A 25 i A 7K BT

TLAR ST A B S 3 & B L T b B 20 ~ 300 48, EINT 7R 344 T BLAR I
MYl B BB IREAVE S, JoBE, 1L ANE R IE SRR R R A AR, ATHT A
TR ERET R K A AW . B, RS, FEKEM A A R PR R R R K RIS
A, IFEAKWEHETHEH, REEPN—RgGFARE, FHEErERae 2. B
B. B. FE/RifigER (1993) BT A L IRBE S 7RIS/ E Mg K P B AR 4 5 sk
HEBETHREBLERAKS 1.3 ~5 4%, EARSEMNT, SEREMNBE T EHES
Hor, W LOEME A PR R A . B IS 7R IR S 250 ~ 600°C &t T ¥
K RIENEAEANLE, WASEET Cl B, MR F, KRS 75% W Efem
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BZ 300 ~ 350°C XA Rty 2 o X S B i D A st 38 T FH R 3 K 45 40 0 22 A Y R
VAT B PG AR BRI KT A 0 S 4. BT LAHES A I VR 35 B3 KT e T BB IR
WK, BEfEE B. Mg, Fe ik ih2AhHB4r B, Mg, Fe 39, WL \-F B B9 2
( Chaussidon M. and Jamton A, 1994}

MR Z B EIGEN], FHFFITRS, FERAEHIEBHETHE (HF XK,
1998) . MuEHFLLL CO,, CH, M4 T, TMHES A P EM LT ANE, FAY,
NN EETG N MBEMRER, TRRSHHNEWEETHN ZETHMER kil
AHES AR B, v LAERTE QMg s itk e 5 T Ry 7,

Zi ERTIE, TEAUEE ($REE) MIBRELT ER RAE XA BUKITBIA M e ik, Waes =
FhACHR . (DIR-SERBS TMT BTIE BLAOFEME- R ME AL F3 3 1050 7 OsuberHES e Ol
KBRS B, ERRARIIRINTF, BAENTRIER, TS8R IR S A &
BRNRIEMRAL . R R B R AR R R, RIS, D
L, MHITERAT AT fh . BRKIMER, AT SR E a0 G, ATATE R
PR G R 2 R E e o

B AR R R IR AR S A R B SR AR AR Eh 5 03 A AT e MO R IB B A
ﬁwﬁwm&ﬁﬁ%ﬁﬁﬂﬁﬁﬁmﬁﬁiﬁ%ﬁcﬂﬁﬁ%%ﬂ%@%ﬁ&k%ﬁﬂm
®3-12, 3-13, \ATAPAEREETWREEEALESE NaCl T8, 3 29% ~
37% (F3-12), UEAPEHBEEH K", Na', Ca*" | Mg’ . HCO; BRAEM CO, Fil
A0 CHyo HHH, K' 5 25.94 mg/L, Na* SE3 158.09 mg/L, 515 ATk 575. 00 mg/L,
Ca®*127. 55mg/L, Mg’ " 146.49mg/L, HCO; 626.53 mg/L, CO, B ik 144.26 mg/L, ifi
CH, <0.3% , WA pH {289, 14, SBEHE (F3-13), AT RVRSGEE LElaE
YA, EAERARRAKEARTTR, e MG — LR WK, 150
~210°CHN 285 ~305°C, 3RS T LSS A AT I B9 mE, HME G w8 i e ot
XM, 29200 ~300°C, @il AR T 52 E W Ruby Mountains T EH A R
BITEGRE, B WARERLE eI KR (Brady I et al. , 1998),

312 UFRERHRXAVESET U R EBERE

o o L ﬂ%ﬂ"”‘ = Lo fi ] FRTHAEIT
1 BT 1 RTE 5~15 10 ~30 37 250 ~ 300
2z - i ST 520 15 34 250
3 a% aRfE, Bk, R 4-~18 10 31 167 ~ 209
4 a3 L EIN 5~15 10 ~15 31 185
5 FHE iR, R 5~15 10 ~15 30 135 ~ 150
6 A IR, iR, AR L 5-15 10-15 | 20 130

RO B HEEY S0, SE—RN 1.09% ~33.28% , P43 7.97%. FitEH
[BE A BORE BRE IR BT 31072 B 2 v o I 0 0 i B Bl A (T g
By RBEA P E AT, R Rk R TR RIS A ST A
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PR AR, ERUMKEZFMSIRERY, SEIEMAWIMEETEE
o, ER T H AR AR IR . AR ER L R BRI A RS Rk R, I
W H B R SR 008 R o BB i FORY et is i 7 2 . W RIE DR A
PRRBUEI (—ARTEOL T 63% ) WTRE, FENTRFER T Rk S maREh & K Rl
IRHT CO, By R, ERTIERERNEOY 4.

R3-13 TIFREATVERBEAERETIHGHE {mg/L)
= K* Na* Ca®* Mg?* HCO; c0, Cll, pli &
! 25, 94 185. 48 401.79 235. 62 522.15 112,20 <0, 03 9.34
2 25.94 139. 11 111,61 84. 82 658. 28 125.40 <. 03 9. 23
3 25.04 56, 65 55.81 179,07 837.50 214. 50 <0.03 9. 00
4 25.94 64, 92 78. 13 122.52 496. 29 198. 00 <0, 03 9.16
5 25. 94 575.00 111,61 7. 54 130, 97 102. 30 6. 30 8.71
6 25.94 39, 07 89. 20 131. 94 534, 21 66. 00 <0.03 9.24
7 25.04 45, 37 44, 64 263. 89 1206. 28 191, 40 <0.03 9. 30
S 25, 94 158. 09 127.55 146. 49 626. 53 144, 26 <0, 03 9. 14

T o E MU R e B P ST M PR ) i K T s i

LA EBTFEERN , M s SR — R T A 8 B S R B b O e, 3T
B FMA T 5 T B R R H R ST

AR S BT MM a0 R, BE3IRENSMNEFRENA LT MR ES
R EXR G GBI R EN RS FAGTIT, BA BANELY RERABE, W
0 PRI w7l R 1 B 1700 PR O A e S e S RN 55 2

URRBHRA. RRSHGVHTEETWIH, WEAIRAY KU, %
A RGBT IR — Ry, EBEPFITRBOMIL . FE AR LR
07, EHKET R EE, _

WOLE IR R AT MY, EYRSETH, B kEEREX, WALy
ABTRE, WOMBRAROEMAE. A2RET, B ASHERITE. M8
Mg™ ERFIRGRE, A R0 COT, RAEMET U, RBMRMC . M B
FRATA, Mk Camd, i Mg MR, BT EBIRRRAZaEIRE
B

ARZDEIRBEAS, MRS, MRS 7RIS R-RS S
BT THGEE, ERGUICEIEREED T, RN, TEHE- R RS,
& Si0, HURTEHIEH AT AL SR E L BB R B T R 1T IR

(EASHE N 02, T IL AR 70 o QL T P I 0RR R o A 1 (RSB, 35 3 1
Palmer M. R, (1995) . HAMEEM AW PELENTWT REWAREXZL SR,
LREE (1998) FEHFFITARBA LA Fo-Cu BALHI T AT, A NE FLhEET,
AR TAAE R Z BER IR R B AT X ABAE , iR B0 AR 25 0 L e R PR A
THRRE, KBRS T BRI AL LT B WA KT K
IR B LBER) FLAT R R L
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W KRYKEZELA0

—. BRI

A X =T IoE A FA R = B S IR S PSR R EAGE
T L 36— O IR R AT RSB S — RN L — R AR I IR AR LA X, H-RAUERIX
b Tesg-Ew O - K EEE b EAEE, FraimEks, B XagF4E5EH
58, {H—BEEh.

TPE-RLE O R E S b E S B S TUBIRE K, BT T RAEE T,
K, SRR, KKK TIRHAERNMGEGR, BmfEami S TimBEEE),
W IR ENRIREL AR K RS, FE AN RN ER, AR, BAEE
FRR .

B O—iL i X0 R ARG R b X (=S 80 7 b /e . Z XA T Ui
B O E AR, AT ALLD, SERATSR, KETHEET
Wy, EHEST TR T TRRIR L S R R WY NE65° A A, g3k 80 km, HH
FE TR % 2206 m, FOPEEEET RIS M BT RNIEES S =402 —, BT
FETTHREDE, BETIIRERFANSEETT IR,

BT R T ERAESAOFE=B, —BEIGATR, TERANEMN., Fiar 2
ZERIEFHO0~375 m, FEETEIERA S0 km, PPHBEREA/NERTF, BTG, SHR
. FHE, R4, ST EMETREY 2 420 ~830 m, EEEEKA60 km, &
FWRAFTEW., KE. BE. FUR, gE®N. BT . SiBEILSE, RNES,
HAR S ERISEAEN N EMA R TSI E . fEREE. MAFSST BHRa-ik
HAR NI L WS (F3-14),

#3014 THMEBET T HRAER AR

) ( TR m ]
a" ES P g~ = GrERredk (I f )
P o] 5 =
. ) _ . RS B At A ) A A SR i Ay 10 ~40°
EE—F—p | 21 it G -
WOLEE—T2p | 2100 (GRESEFHR) | 3122 3 ¥ g B B SE £ 10 =307
B pFEAK 1760 110 1 gl 1400 ~ 1729 £ 24° ~ 3R
e . B 140° ~ 1609 £ 50° - 60°
(mE=R IR 2000 211 2
ARER L H TREITABE 70° ~80°
. B, FTE 1507 ~ 160° £50° ~87°
R EL T 5500 328 6 7R 330° ~340° £ 427 ~ §7°
. &, 160° ~170° £ 60° ~ 85°
380 429 2
HIRETHH : R e
. 150° ~ 170° £.65° ~85°
TR 4 AR 2200 303
AL R AT . 2 FERESE WS 70° ~ 80°
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TERSET R EET T HRR B — O R G A AR R R RO 2 R R R
., ARNELES O = a KBSHEM, mhZAKsE, TWREE MR, KAae., #-
B Z e & B IN A H s A KBS

PSR PR AT, KRS AR OO T AR B = A KHEE,
FERARERSW (80, EIRBEGALRZES A O R A, wmw LfEse
X,

—, BATE

ROFHBEIRBEB O REESTEL, AREBEFOT KT RXAGH
HEBEREORME .. B0 ST, FZRMAERBZREEEEER. 5EEsL
REER, mEAR, ELEFEERIFOT KT hAE., v aRafrE—gxR, FEiX
FERMEE SRR ST HE A TR A K, I 0GR K T i = B B
PEMIRIL A RRER, BT KEERES, KEEMERENGHEM, HEERTYFE
BAENG, BRNGTHE LR ZET KA s aREE T, HibiZmX g
T HRZHEET RS AR, MO0 REELZ, MEX. vOnikavyRafis,
OB WA, B, B TR WA, MK RT A B E ik e
BREAR, T RASRGWED, BRBERES T, BKSTMARNLHE, &
RV IR BB . Tt . EBWEG . T HREE EZE =638 s, TR
FFETasORBES 8RR EZN, T REEDY, PR, 76 P RaT YRS
ik, BELEENG. oM. BEA ., BgRa, BWTEEE.

BLLLE O -5 FHIE AW PR 32 92 48 th O e T D PR 28 20 AR AT

B LR G STl fUR AW AL = B SR M3 oy — B A R 2. KN W
Mi NEE i) 8= R R G L@ i 27, FHH8 NW I NE [ FBRITEENEZE. 7K
W H A LR WA E ST SO BT AL . B RIS (I A A 57 = 4 A i), 0%
W= E S

1. TEREET &

TR SO AREOR T BT (S BUIR SR S0 ~450 m, EFHUHFIE 170 ~360 m, BHE
HFEPREILE 200 ~330 m, ELAIERIEH >300 m, WA RIMATA R, JURER TSRS
R, KRFRGR, XHEE., SREF. BHRME, FFNNREET S, ThEada
SW Bk, [0 NE 75 @9 1L ZH0 s .

WAVIREEREZR (70%) KNEEFXRHMBRFUTTE, P (30%) NEZ
AXBE . T EEBFAREED RIEASEEET 2 M R vy, HR EE8ET R
BAESH A K s BERMSCME oA RIS RS T, 54 RATEIY (ki F 14 E
TEHAE R, BORA S FLEREE HHea i, B S EE KL% 5.

PR G HER—B, M DR A WL B9 Gi [ 335°, SHELme
o RIGH R, KRIK., WMRE TR U SHELIERS X ERE R ST REm
140° ~220°, {H{f120° ~60°; GZEBT . WHRETF I SWZURE SRR A= R 5
W2 BF, DN 340° ~355°, fiiff 25° ~70°; MAE TR/ DEEZEEEME, MR,
HIERET BT 60°ZE 4, A 80° (K 3-15).
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F3-15 THRBREFFFOTHRTEIE

T | T it | BRI P
K5 K e T [ wE(%)
I 100 0.5 56 |' 39. 41
Il 100 0. 56 54 | 34.5]
m 100 0.51 ~1.20 54 58. 63
% v | 605 0.56~8.65 | 275 ~460 T BN 49.22
H v | 120 0. 50 53 T B R 54. 47
: o[ 1.02 53 R EUR 4134
3 5 | 200 ~400 | 0.71-3.64 171 - 260 L2 NS ] bz P 51.23
VI 135 0.54 ~2. 83 170 ! ), B ek 36. 86
X 80~195 | 0.50-1.75 | 107~320 | TR AR 45.98
X 100 0. 57 54 HEgmadoR 94. 70
36 - Hife 50 ~ 570 1.01 ~9.83 30 ~ 300
1, 570 2,36 38 ~ 100 et N 1N 60, 43
m, 433 2.77 25 ~ <100 SRR A AT R r 54. 38
ﬁifﬁ I, 320 3.30 304 EHA BT OHUR 61.56
I, 50 5.33 »56 | 55.32
I || 300 3.41 81,44
0 200 5.75 56. 06
i 1A Hodr, 60 215
o | 100 2-6 100 kN 70
g I 120 6~8 100 KB ek 70
1 500 7 ~74 FH535 | 300 ~400 LA T, A HOR R (59,35 ~79. 46
A I 300 15 ~60 #4124 500 ~700 TR AT, B BER AR |60, 03 ~ 78, 66
E ik I 600 15 ~ 80 FH#440 | 400 ~ 600 FHECE N b ek R 2R [59.26 ~78.00
B#F Iy 300 25 150 ~ 300 ol FaR o3
V.V 250 ~ 400 2~50 aw |
| 400 40 B IR R
AR i 2640) 20 50 ~75
PAE3
e i 500 20 20 ~ 80 35 ~ 87
v 500 50 70-150 | K4 INKE SR SRR | 60~70

BOFTHFESEZHRER, EBRR, LRI UREESRAHN, HE50%. BE4HL,
TR RBEEAES, PR, P g, KUTkEE. 7iddhedkax
NMOEEEY KME, HREAZARES, KAERTAR., B8R, SR, Xm
WA EAE AR, SUERET R TURE, KILEARRIULK, B
Ko RAFHRGE PRI B, GEF IS W R BT ) s g 2,

78




MR E T RS REHK I & HRaH00.67, 0.74, 0.76, & [E - HrEEl
2. PEHEESET
H S IR AR A RO E =B A R (G 3-16), FUTETER 60 km,
$E200 ~300 m £ 10 ~20 m, SW 4T, NE HAE, & PRAT /RGP REOG R,
ZokF. FE. MR, BRE. RE. 418, ERETEE, BEL. s
BT E. RERAOT R () IWEREH 75 ~540 m, —fIE 200 m 247, HRERBT 5
ERERRE 102 m, FRORIEE XR2A L PRS0 AR 2 30 m RIK.

F3-16 EO-IALXAPINEEST HTE—NE

TH () | Bk AR . i rEYE |
K 3 )5 B A (o
P p | i | S| R HER wm  [ROER%)
1 207° 2 61° 20 ~ 30 0.5 P
HeARA ERGRCY 8 )
1 152° ~ 61° 30 ~ 50 1~2 FiE
120° 2 39° B G
TR B 3107 £ 63° AL OIEE . Rk
1657 £ 55° b PP
. Ll D | Bl —,
1 350° , 55¢ 250 2 100
s “ HERWEG | —HE
‘ 1 B 4
) i b A E AUt
1 51,2
e EFT A4 | 360° 2 45° > 150 15 ~20 %ﬂ{gzm
Erifa
B2 & | 305° ~352°
Hop. L dae qae | U700 | FL-34
PRAR U V& 343¢ £ 62° 100 TEd ~ 10 sk
1 E=2 345° 2 620 300 S5~ 10 . Bk
Xxe 347° 2 74° 200 FE2~10 ik
1 i<TE 710 . )
N F T HBMRRAE,
1 200 ~ 300 520 WARWZE

BaTRBTAERENAEE D, PR HE -8 AT R LIS T B 2 B
MERAE . 7 60% LA LRT R () Fl& Al aiesEgiy KMy, 25% MWK (&) 7
WHETRET ABSOAa 0 AKHEREMT N RE 10% M LWy SBE R =R
B FEEHRER, BEHR, ROZFHNR, FEIEEET W& N0 R
A, MEFREM—RR/RG— R, TRBEART R, HERUERE, B Th
f—C R R

3. LAERW W

EEFHEESHOWVERLDAOFEA=BRIRL (£3-17), T NENEZX K SW
b, HHAFCLY LS km, FE—MBE20 ~50 m, EETRIA 150 ~200 m, HHPRAEHCH . AL
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WeF, AT, WEE, TUKK . FINWFST A, HBFE3S~170 m &R, PAEEH
A R A ML — D . B E AT AT R A, 44% B LS R
KERE; 22% W5 ST ATRAE A SR 8567 KBS L TR 2 (B e s 33% im0 PR = T &
=R ST A TR A = 1 KB B A W N, BamEERTR, &
IR T SM A TR . A R R — RN, R,

#3317 FO—IMEMBR EMGESTE—RR

Frikp=dn I,. , o . ,-T..
T EAR | TR s | EEm | ST m | EHR o A SR IR MroaHEow)
- N 1707 £ 51° -2, _ . . s 76. 12
&G Hr #ef 290° 4 §1° 20~ 30 B9 FiF | HEdur., Eebuk 48, 07
. . , | 20 - 30 e
Lty Ak 220° £ 36 ) K 60 1-2 T | KO E, i bl 65 ~75
) FERNEART, MLk d,
= |t g o . 4
FE R " | 30 10 | T R et 61, 47
- AR, S HEHR, RBH
KEE N AR o ma | R BT 3.5
. . N 20 ~30 0.5-20 | o | Loe i
A A3 140° 2 26 £ 50 =k8 AW | AGRED, BEIE 64. 61
FTM 100° ~ 130° . FOEREE,
I {0l 14~ 9% 600 30 ~ 50 510 A3 R 63. 32
=. WiT =K

LA KT PR AT P ARB TR, R LR E RIgE =5,

MDA YT, TRFIERFEMT IR, B5HFHRERIE 300 km, BEILIE 50
~60 km BYILARZRATAY P e MG o A VR0 IR (W) B9 BBA, HISIRM s L
HIUENARRANRRGS (UTERRRSE) ARO7REE . SR S sess
HA—BUIR= T A W R E R B ARUA2H P, L SIS R AL, HRG
HE-TZUVEMW. . W, BERFERERAL-VBIA®RE, HEKHNSEASE (RKT
WA, KB, 1988) ZERGMAEM, SRR AGMBKELIT IS EmER,
T 5570 AU 20 S R AR T

FEELL, PTFEMAERPIEETER 5, HRTFTEEREARER, RuT
7 K ST B B O S R R AR A R S A B R IR R A L L SE
b, AR T BURMZAIN T &, HY5RAZEELIEA/NT 200 m WEEN. 7 kS
B e B b (R A EnIEs) . B, To68F. BETEHma
WA TR A S AT A B, KT MR SR b TR R TR

YRR RSN BER, —RERNAZERE R, SYRECTR; EER
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HREZAAK, BABEEE3S6 m (SR ). B0 5 AERE. o 4S5 By R
S5EMA R REREMEGKRE . MEEAF 72 MHIT R () 2it, A-PpEIL ET RE
BOREEHKT S0 m, @T W TEMEREET o0 BEMERIRA (KN,
WSH SRR AR RS TR HE AL 356 m,

B ORIR i F RS A T (R 7E B AR B P U, I ZER R B 1R L o
ARASBKEERY, RN RRET R IR, Wik TR PR E
i, HUEOSTWRIKE, TibiEmim, Hal e XA y\EEas. 458
., BELSESFAREEEME, IO sk m TR S R A R B ek, 5
BEE, FAMFHH—FRINFET OB, T RS ST A Rtk S E R
ERESFE, TRESBERMIaL. BAA., AEMXREY.

B, ITRHIRZESED , WA RPN R K IR A B2 I R BB R AH, X 5K
S R R B R R 2 s B U 2

BV TREARAAT KA

—. AR

AXENEF &R RAL DS MH iR, RO REERWEREY, BREE A
WHF RO AR . ROCHRBORL, RRPIEEEEY T 1913 AEE W, 3BT 1918 FEH BT
KT 1949 ELRT, RHIFREZFGED AT T RKAEERIAE, RIFAHEN T 6 PRk x
FFEHNEIF IR, 20 tik40 50 ~ 60 4RI, WU RNTHT . Ba BT TEHE, B0
T4 PREFFRRIT KR, 6 SRR R 1 RE AR 10 AN PRIEEFE, 3
PEAT TIRANISE . BT RHFET . WA . IEh ., @0 REHE (JLgE%ss, 1999,
WZAREE, 1999; WA, 1999; FEfS24E, 1999; L5, 1987), 20 fHH4 80 4246
R, RN T it RN —BM T s TERAA (BE) 3, ks, &
A B MEEH . SR MRS Ea I T T Y, MY K Ti%Ee R
KETATE X (NZhmg, 1985; <=ithg8, 1994, B =24l 1985b; WEFFMA, 1996; 2554
1995; WA 811990, 1991a, 1991b; TILESE, 1986), MK —4 15" B i i B 2 80 o 2
AEIT AN AN 3-18,

—. BEHTHYRE

URBEBI T R M2 ROHE EBEEH, —RT4H L, & TS5 2R, P
EROTWRA, SaE, BEX, REEMTR, 9 E S EEYE 100 ~400 m, I
WRT 300 mo AR —RUAIZFET RN E, BA-SETEK, B0 THE
RORER, BORMGE . B YRS EEAERT ROBMKET, BaTWEESA. #
. f. FEA. MK, a8, BAA%. 0OV HhERS N S0, 0.67%
MgO 46. 76% . Ca0 0.74% . ZERLT 4 O o WA BB/, s Em, 2
2 MBI, BR. S8R, MR, BR. BBWEYS, HRNTHRENGEE. 55
EVEE ILE B A IR BT R A, 22860 5 A A0 1T B AR R A A ], I o
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#3-18 SEMBREREIERRERRT KEALR

g TR R AR az;%nﬂ ¥R ® I BB
el | TP iﬂ“fFFﬁ‘ " 0 Endli]
gamm| | REEEUE || shr s s | vah LR RTRA
RUTVIERE| | o | g | BRET AR SR |, Sol b, SURE, BT 2
HEE] W ﬁ,: F%MH . TR EEHT RS | REEET N E,EH -5 F%_J;}
AR R m‘;&;{w% N B EER. SR ANEE B ¥, Mg0 35% ~47%
1Pt i e in e e o | B —HERAR B AR 2SR
wawm| o, s |, |V ARBEREENTT | e s wmsa i, in |
o s BOKPL) B TORMS R K | L0 Tl e [ TUE
e AR @Bk |\ LS e | ERFERR R (T
g | DB WRTRE . | o e r prag g | RS RAR, mw |
IR A AT | o ey s, | o0 AT RSB
FPGN T THRAT S : T SEBRDUIRL, B, 0, 7% ~40%
s in g | ARG BB ELR, B
R i | EER w*%ﬂl_’?‘&,‘ﬁ%ﬁﬁ% Wois B b ot amimesi |
. ARG | RETFRLINE SR K8 - : VIR
g [EAEE P | [ L e oy | SRR IR T (T
AR | v | 2T T ;‘EM@F_H*’%% BEE RN (5% L E), Jm‘
LR S Pty SRERE SR R
) RAHS
S AEBWER [ | TREAE S PR | 0 R RS R R,
I i BEMAIR | L R, 574 R 200 - 600 | SN BATIAIS, [FRiE
T @Jﬁ{ﬂ«ﬁi Py [ fERR, &M o m, LIRS0 ~200 m, JEE4 ~23 | B EpRAS R AL M, AT RE | 30t
A WA ARE | me S, B R BB (50% ~80%), 2 | gL
T HLT AR | FAIR EHAR B
Hl LR
SRR ﬁ%&i;ﬁ; oy | T EEBROLEAC, L | 5T R AL, 2%
gk (g | N T | PR RIS L | Re A E e, KRT SR | A
SO | R s | g | TR PHTLIRRERE | 0% FELRAMT S | RF
e AT AT B 71 LS E EET R
G RS NS ESE
i TR R R AR | Tfe, HUR RELNGE g [
T | TR _
o s | | s || MWRRT T E SR AT | 6, RS A, fﬁ;ﬁﬁ
win s | ek | T | mie e s & E T, 20 <200 | ERAHHUE . TET i
Jom | 2 foR Mz TB"E.’!_ZWEE A, m, FEHE 30 ~450 m, 3 ~20 | BIAjdesrdy B b 3. m&r‘
e | 7 w, 1 MR EFEUF T | MIRELBST R RN E, | o
BNTHF PERAISP SR E A T, P4 '
2 - 20 mm, 5 250 mm
BT 5 S EUR U R gg;fﬁﬁg‘gﬁiﬁ VERCLA
BT REEE| p | KRGS | K| PUFRREEEARSD | 00 = Ly
BREA | RS | | SRR (R R ET o, B e | O MRS, TR L
ey ) W EIRE BN (56% | T
~80% ) !
A BE Fk s THRHE R | _ HH S
SR A |\ | WS (BN BRI b B Uk, | BRI ERARIR |
WA | AW | | EESIR | SR | OUE LUK, w1 o RO
HR J ERFBUTR e, B T B AT (e LT - —
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SIREE/ Y ITREES. 9 ~8. 1, # A Fu/Eu” % 0.72 ~0.80, BElIFEH0.49 ~0.74, T 45
EE R s FAE 6°C ®ETF + 1%, W1 8°0 K 15. 70%., [B% 80 2 14. 57%0, XLE
AT W TS 5 AT A RN EAN, BT RS ARETR
HiT VST T RANEKFEET TR,

1. T EEERT VR

B R ERRMBEY TR, §RKEE NEE [H R, FEWK 3250 m, B SW
7 NE S4B FHET . ©RETHF B3 D RAR, 71X HE0ENE 7l (1L
HEAHBRE TR (PudY) FI=Bt (PndY) . Pyd 404 FOWRILER, B RER, £F
WO ERAER A, (WA, BRA. TEO) ZsUAE, EERERSAEZ A K
B, MR ST0 mo P b, THRR S EREER AR (SSHMNZEET), BE S ~10 m,

Het, A REEFEHRASA (80% ~90% ) FIHHE (3% ~15%) HM: &0
E&NGA. BHA. BEA. &0, #2EY . FEamazasry. FEReEAsa
IS REERSRIR, i T T EET T HAER

B IR AR AL D EBLE . WBEE S FIMBTAS, 20 NE [ NW ml 2, —
oK, mFE 10 m AR,

WX O — RS, B N65° ~85°E, fi[i SE, {Hif 70° ~85°, AR ER{ )
NW, "X HURET, B4 0E R E . SRR EZHAT PLd =
AR ED, T RAMSRET R, B Rt R NE6S® ~85°, fifllq) SE, #ff 65° ~75°,
3 ~7Tm, HEfWEANS ., EBEEN LA S, ARk HEE, &
M5 NE mHNW &, SimeikE, AYUGERRT ~73 m, S EWMIHAT R, iR
To BN EPEERMENKAEH (E3-19),

BT H RS N T EH AR, R RIS E T RBEE PR, TR AR Y
&, SRR, EMIK3625 m, T EKERE—RZ100 ~300 m, FH205 m, ki
FEFE 300 m b, BRTAERGHESEY KBS, THE, 2PE2~10m 3 ~7 m,
JAEE ST A KA G A, e ARy KR aa KREE, BEE—HA
570 m, FIROAHEBEET A, SET IS . A KRMENTHEEEEMHM, &
Pt A 3625 m, ACEEE 30 ~326 m, Fi 137 m, FEEHREETS N4 DTE, R
A 430 ~ 3000 m, KEEEE 13 ~200 m, §{REIYEZEED KEBEMAO =G X3RN E
BE2~80m, —HLSFEGHE, RRTHFEY 4. ENWEESAFLNELER, A
Mk, BN RS . THOERAN N, BWER, BEE2 -0 m, DI REHES
VEAR 6 4, FTFHOARMAET, REER, K140 ~820 m, KPEEHE 19 ~84 m, H
R AR A B RIFRT G, EFET R &Y, HMEBLK 60 ~ 1235 m, IKF
JERE 4 ~100 m, HEER 50 ~370 m.

WA ECE R £, SR . REPREE D, BT ARE YR (5 ~ 10 mm)
R, B (>50mm) FIENE (<5 mm) RZ, FEGYET ST, ORAEAO.
ENG . Baafigshiia, Ky PaeRamsEs, 7 mgsEdsrwa. o8
Az . SEH A . T, ST . B0 NEREY, RBERNERAa . 6l
Fh . SRS, TR ST WIHT RN SRS, R
WO BREREh A KA .
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B 3-19 I TERNEEY 0 PR R R 3 T
CHE e SRR i [0 B8 /) 403 B, 1987)
I—MEMRRE; 2 -3 — b RS KAHRIUTER,;: 2R BRE, 3—B5GRKEH; 4~6—KOH
H=F, I—BEARER, S—THE, s—HOHS: 7287, S—HFaR%Er,; o—ZFiiEs
CRAMREFEA ), W0—T SR I—EHE; 12—%9F; 13—

B, B2uf. KEf, MHRRaeE, REDNT 1 mm E2XF 50 mm, —fF2 ~
30 mm. BUEGE T IS BN SG. FEAEAMAMBEERA. S8R, AR,
4. B=f. HERT . B, S8, SRy AR FESZEEMECR, AR ERR S,
e RN RS P LEEST Y. KA. AR OSSN OESEMEE .. ENMEE1ER
R AR, A LAk PR EE D T AR, R B EE RREE A K AR
FAREF T,

WA, FEFENA SR, SE— 1% ~5%, LSS/, SR a4k
W, FRBAEGR . ARMAFRARBESCR A, W T T 588 B TR e R
T, MW ARENAS B REANIIR, 47T PR TR _ b3 (A s iR b i
R, =R AR . RE AR, RS RIS R R R
SHAR . BEITICAPR A MALIRE D S G4, S SIR A R B B RY A
A E ST, TE4M T T R A E#HeE T,

FHRERA, —BvAE., REESEHRERGHR, SEXRE. REMAT TR
JBRAER A=A RKEAEZH, FRRTEAAEED,

Bxf, 58 1% ~5%, MILEEERMN. —FHABFEEa=d, S&5FER, 2%
T MRl B—FRdk, AT MR PREETHE S, BE0.01 ~2 nm,
WUHTIRF AT ORMEERE A (FeD 3.99% ) Ffb,

AL, A, FLat, Pais, FE1% ~2% ., BT 2MkRAH T A
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REESNE - o

FEY . ZHY, §8/0T0.33%,

WET, B AYH, BEEL SR

A RIFRECR: Hah. ENA-HEELT P RZERT R 8
M FEIEA IR A B T BN/ 8 R BRI A 3. TG .
BT

2. T TINFEKRFEEY VIR

BRG T REEE LR, AP MM ERTEZAET R (F3-20), 7K€
BHUZ A TC AT PR R TR AL B (PLd?) FI=E: (Pud®), Prd® B4 =HT R,
THERRZGAEN AL M. BE500 m, Pvd B TWHESR=34: FHAEA
REEFTHARLE, PHRAZOREELZEETE, | oA KRS THEER,

5 ~

PN 22z

-ég; e
St 3

il ’7.1 f ‘,g._-:*‘_f’ AL i L
O L LB A ) —
e ‘
?Wﬁﬁ%ﬂﬁﬂ%ﬂﬂﬁﬁf b s
= }1, ."‘4'(”\"‘“‘:\’\- ‘1.;.”_::’_;{# e =]
14 e R AR AR ) 6

P
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Pefetaatl
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; PRI &
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| b3 1*’ R o gl D g 0 ) oeen o
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-
B L IS IS [(F 1
I'l’.‘o._!%' "l}‘,“‘/"\l"///k ’#i' - Aok Sageleleletedy! -
ll”ﬁ‘é’l]’#j‘%"”’;’". 4”"#&3'# £ o’éo;ﬁ'h‘#é.“‘-‘:‘szoz;""oo’o‘o“ , 10

X
2
-
[¥]

A T AT T
N St
efelelelatelaleletel St
Fatetetetetatetetetdetetele®;

0 100 200 300m
[EE— N—

Bl 3-20  I0°TEMRN 2K SFER R BOND R A B e
1=l RICMBER O B TS 2~ 83— ma W RAAFH=E. Q— %842, I—4=F
KEE, 4—IRRITE G KNS, S—HENA ST A, 6—MEaEE A, 7T—885 LAEn
KA. ME0ERY, s—#HE),; \—azalk, 10—k 1—#E; 12—rR
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THOARHEER, M2 2AsaKBERNTHEIDR, BE60 ~130 m, HIFE=
ARG BEEET R, 0 IRNESEE TN E oA NS D BTHCE, BEAS8Ey
B E A RIS ERTDEAIFREET TR, ZE0 0 EIMEUAARS A=A K8
HERFE T0°ZRA . WSR2 EEREA, XA HERMAE BN BEF—-SHE
ALY O A ZRT -F TR =0 A E - =0 AN, WEEER R T
A=aREETRFRBWIAREAES . B A KA MRS (0.06 ~0.4 mm)
AP (0.5~3.0mm), FAFEF LA A REE. BLOTERFRRELE 2 2,
BE6m, FHOASARKEASTHALER, FENAZAORMET TH S BB E 5,
HEORMEROGEAG, 4k, (RBLA, F420 m, 0 FENFBEAKE®, H
3R T TR PR RAE IR

TR — G, FEHRMKSCE T3 11 NE60° ~70°, {#il5] SE, #ify 40° ~50°, #Rih
/N AR 1 NESS® ~80°, 481161 SE, (U 20° ~45°, AR —SUNES, X ABTER
R, BEEEMERE. €02 KFERELTE 2 &£, —&XWRHETESTET
#, B NE, fifm S, BiEW LY HESET . Asf AEMTHRSSEMHYE=a
Bess, WiEAHHE THCE S, BAAFIT0 L ~2 m, B—BWIRO AR, W
REMEAZRMFA R NE %0 U0 SN, il E. {5 30° ~52°, Wil d L 2 ~6 m e 4y
a, MERARSOREY, HABHZORY ., TEHFEERFHILELE 3 K24 50
BETEN . BE AR 5 100 ~200 m, SERZ 450 m, MERAKE. KEAGGKEES
A BRE 10 ~100 mm, RPEIOARREETRESTZARS. ARGASEMTRBESS,
FHEEY M. '

HENNEFEIRAB S EE P R—2, £ [ NEGS® ~75°, Wi S, {#if 20° ~45°,
AR 1760 m, FHEEF 390 m, FEARGHES, BEBLT I, SHREILEZTX
HAEMAZOAHA, 2ETIEZAREAEPHES, 206 TESEY SHSGAM
BRI, BB Ty k37 4, MBERES 4, ZREMEIR, AaXHg, nig
R FELS 375 ~ 1155 m, EAIESR 300 ~980 m, EHEEF 20 ~68 m, AT EFNEEH
KHARE, BRUZR. RERBESIR, KAFRE, KFEBES~40m, 30 em x
20em £ 1 emx1 em, A, BFROLTHES4 R, £20~100m, K0.5~5m,

OO 7 #. OYORME, SHM., PRBEFER; A REE, el
g, PRZRT AR OWZR\E, hal. PRELATER, B2)E Sem, J2 055,
@FNRME, BEA. RO MREN, KELKWHEEN, —FRd . dRse
U QIEDIRMRE, RS R R A, R AL SR B ST, Bk
PO, OOEBHET TERGO ., KEAEET K, OISR BE, KEeEir
TP EORHRRERT, NaaSr b ARA ., KA Ak iRy,

TORT MR GREET WEUT 5, AR SEENOEA. BE. H. AR
ABTERIRAG ., W AR %, WAL E 74, MRSV . Qor-aSsy., B
F-38850 . BEOA-AE-BET . RGRG-EEY . B S5 SESNEE-ESG-
ZUT, UH=EREE.

TOFHNAET2BERNACR, 2 ERRERT S8R R, Sl E ke
PRk WA 3 FIES: OWBUREG, SO0 THERR, £HRVGER: OMNEEIR
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WE, A/PK3 mnx0.5 mm E 1 emx 1 em, HHEEFESETRAK, BEFROHE
TR EIGR, QR RAFCRIT R, S MBS, BAE. AL,
EHTH T HA A

B AR KRS 5 [ 5 5 R B R M T A X R BB R R =
g AN RAAE SRR (R, 1994); HE, BFTRAEAKX
BTG YL, PEZSEEHDHRERE, BLsEI B mReEsy AR
BETE B I ML RS EE 0 TR

=. BETRK

AR KM A EE= T (UM B R A BB, BHARIA EEEZRY IO
A, AARIE, PEFRSMEFRER -, T EERZR . BERST=ET K
AW A ARMEWHFEBFEEY, 73— 200 ~600 m, FEI0.5~80 m, &AL
TiA 500 ~700 m, WARAS HAIF AR, BO-FEET R, BA-n=08. Ohel
ST MgO., Si0,, i Fe, 05, AL O, AHFE, & (KRS8 REREL, watmEwEn
tho HRMED KA ARMRIC T E T K
I THERERETHAT R FRANE CBRWIRINZEET KEBEA. BOTRE
Eﬁﬁ&ﬁﬁjﬁoﬁIﬂFM6¢,E$l~¢%WWﬁiww,ﬂﬁﬁWF&ﬂ?E
3-19, WESFEAR—B, DRERH, MHEXR (H3-11), BOod&EMEE1~2
m FHRELAY, IR, AEEak Rk b, mTRaEEbiEn, Exe
F—HRERY RO ACAFNG . WO EZZE ORI, 7T RkE
BEY, BT P EEESENATE, R TYHERRNENED . EHEIRE Y L
BIEO N EURMMCRE G, K HEZ BB AL O RAREZRT = H
HTERKBAERSED, BEF S0, MEILE B R RE .
F3I-19 AITBELERETROY K ERESR

F IR m FHEPRS (7))
e § AR BOSE (%)
I JELHE FEI 1y iz
1 300 7 ~34 ERE 175 35 ~40 Mot Hh Bk 60 ~ 80
2 300 15 ~ 60 L] 340 25 ~35 Hufh, Bk, B 60 ~ 79
3 600 15 ~ 80 Sl i) 340 25 ~35 Hube, Bk, B 60 ~ 79
4 300 25 EZRMN 340 25 ~35 Hutk . Bk, BHGR 60 ~79
., B x

ILARMREMET R, Ty Mo b R2EE . MEay K, HW/PE-KE
T SRS BRI AT R,
1. MFERET K
ARE N A RSB A G R RANWME Ty IREDE RN, dEEET
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BriE e AR, B ET R TILE M RIGA | =0 R EE ., ke A, B5h
SETHE, LS. WEH ., PHCANESERNET RSN, ST LRSS FES
ALK LS, EESAMEELT IR, B2 WHE W TS mE CLERS, 199%),
FEEIE S T MINEN KR TN, TSR ATEARN, R IRENE
W SRS TR KA km, BRER AT 400 m, PR k. R
FADEEMBET WHARE, RS MERNT RER, WD TR, WEay
. WA ST TR, Hh IS A T R R R R, T ER A BAHE EE
ATt Ecnfl ., BB MSRThS.

TEZEF P TRRIGEDEER, XSl SR 1 S n g ke 28514y,
R T IFIBMRKRAERERIS, ERBILEIGL, B,0, 5 MO 2IFHIL, UM
EEEEP Mg MG EXERY, MERT A SHRIEH - LIEY, 25 A% T
EEB S, BT Sc. Hf, Ta, Co #I Ba 9574, HUIMIRLLL . MRS IIRNG, 4
FRME K BRI A ST 0 77 b K B R 2 28 87 C {138 — 4. 9%0 ~ 3. 4%, Gl
80 K +9%0 ~ +23.3%e, iR T HRAAMTRELAGIEFE, B . WA RIS R
R EBIF, 6B K +7% ~ +10%0, FIFIAE TRE LM IOLTIRY, BoWELE
A B T A ek

BRI TRANGEET R (BIEERA) . ST R T ID 5% O R R iy
PR, XAASN TR IEER, W =t iET, SR X4
H5AYIEE, BRI RMES S0 A (1 3-21), 0L R AT 6 T EE ik,
H LS S5k, HKRE3, 4 596, 5 SRS SRR, 3=y
MO MEZA, TIHRFEETAEL, BT X6l m, YHIEE 17 m, B— ik
0ike BRI TR AT RN . ST, HIREH S, BINE. B0, F
B, UTEA. FETURCBIESELRE., OB, BEY . BKA%., RO RS
R BLA8, WELH, BEAMMEAIRAR . Mg S EL iR
R4, TRy, WAMELD . WERTHE RS SN e RE 77,
RRAYASATEERGDE, WEAT A ST EM BT, TRSET 77 RN
TH B, SHRER. I e, B0, SR LMERI2, A
BRI S, T RASEMEER, £0 RS mR K i E A BEHsaa,
RO IR, R EAR,

2. WEST RN FE

TR TR AW SWESRA, 9 ERDEH RS ETEMN; 2ERAEERKET
W, AW EAET I, BETRESERAED, AR R UMY, s
Wt o, WSS HITE, KD HEETTRE I RS,

WS T2 2R, QUEWRABER, 2T W NS, Sy 4
BEFETESRORECE Y, FSEARSRS, Fik, §EmE N e hRaRE. o
FSEEZ RS2, T RD A RREE MR, MR RS, s (W
W ARBHAE) . STENG . BEKIE, UABNES, HERESERElS
K, XLEF T & B R T AR S VTR B A 354k, LB B b Fe-B-
U-TR-P TR B R SEHF WSS ZHEA H S n R HEEER,
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B3-21 GLZRE HASIGETNRT AR 2 W i i i
(RZEHME, 1996)
15 2 ~T—AURKR: Q—aSRETE, 3—RudhE, 4—mes . MEmio s,
S—RTAHAT AR ATNS, 6—MNFEHRICRIENE, 70 ) : 8—INREEH
RN 10—AIR S TI—fHME; 120N B—BR; 145 7k

F ORISR, ARWAMNER. #HF-Ko0R. GFBSHREDZ04, 0 EE%
ot KA R R B R, R, DS B HUREH R ﬂlﬁﬁﬁﬂ&ﬂ#’*“ﬁ&ﬁﬁﬁﬂﬂo
FAPHEINRE Cd, Cs. Sn, Ta, Nb, W, Mo FMEEW RN FHAER A2 ~4 14,
XEOTH —BAEMRIE A R E P& W E . B RS WSS i A P g B i AL E
3, ENEMITAREE T EREM.

ORI BRINAL T 5 R i kv IR (Eﬂﬁ%@ﬁ%ﬁ"ﬁﬂ)o BHRT 1958 SF&BL, GLFiT
THRBITXIREN £ 5107 F 5 32 fah, R—00. S 3G ap i R B DTS B P
R R (B 3-22)

B RATGREG T, WEEMFG AW B, SR (B,0,) #2185 71,
B 2.8 {01, B0 8RN EEBMERMN 45% 2545 . i T RO Agac s s, R
L ESARERTFT AN, EUFERE, EXFMBAM SRR, BFRHFH, &K
H 90% LU BB ARE T AT kM T - R ek B, B . RSN TY,, 6
PASBIMIERIER, TER AR MR,
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B 3-22 IR TR AT SR TR AR M R R
(BEFES, 1991)
1— B EMWARS; 2—ErE; I —MAINERIER A—e BN S—mRTAIE: o8
AR T4 B—IM K EME S 9—TE s, 10—WIERSES ARk 12— AR

SO R T T AL R ARG A TR AR B . TR R EE TR
K. STwEre, WA TRaA LRSS M CESHSERe BEitE . 7
WA, —RURIREAREE, WS, RiLmaHEe foE Tk

XA L, FTRER, {4010k, o-E&220, BFRK. KER KA
3000 m, FE£91500 m, EKAEHEG00 m, —BIEEE30 ~50 m, FEZME R, BEETEE
RN R, FRASKTRE L. 255 E, 1 STEAEER, RS2 K
(1 90% ., FEHLH 1500 m, ZRPFGZELL 2800 m, BEKJEE 150 m, FHIERFE4S m, 2 SH&K
SRR 22 m,

RS A REEEMER, PSR ERAENIACNRNE. THPIBFEHERZAN
kg, MEECE . RABEASE, BEAY, BRI EX, 7HASES GENRE
ZERREFY., WEN. B R FEFEXRR,

WA BB SR, WP R AT . MBS, HOR A HEMEA .
HEA . M. RAaT s s, &8, HEA. EERTE. ARREW,
AR, PR, BEZRME, BAY B0, HFRE—BHA 4% ~10% (FH7.23), RxEmw
% 22. 68, TFe ¥EZ5[0] RAMREAS, &5 B,0, ~MEBIEMRIH, KRy Pk
RS R, AT R A ahEe: MBa-wey . ek -meke . WEa
(HEAT) -THSEET -RESRT B . ST AL, HA, DIgrsyEEER,
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—. By #FXa

BB EL A A TE R NI A R BT 2R R AU AR oA B BB,
AT LRI B R, FRESRTIKZEELERABKRFZMEDRHN ., =X

F, FR T X —RRE R ARERE A HRET PR R e e,
BB G IR & R LA A2 5] B R A T U0ER-
1994, 3 #r &= &,
1996b) . B IX— B ASI MR . B X 5
ik Je HARA: 0 BERC MR AT AR B4R 51 3R 3-20.

JI4g,
1996a,

1980, 1987, 1992,

o T A

A FURAT RIS (RBIESE, 1979,
1994,

A5 g

R ERLE R B
1983 iR
BB 4E 7 2, 1989, 1994,
Hi, AO8E . W

1996,

F3-20 ERBREAREZREEETFET RIIEHR

BEpe i ARG AL BT RERT £

B % 5
] CATARAL) S L T v CEURIGE) TR Fm Ak ly
R T N R T SR AL BT R
R HL et a8 bt KBTS o NP I ok A, I B i e
o et 547 T R e
FEHF | GEAAES, SRT KRS, WEL, W | AZAKEES, BRARES. MR, 1k
He BRI T T HEE T
EEAT | RRTER . K R R A kmmﬁwm H AT RIEAL, KRB AF
£ AR . iR e BT ER . RS abtEN . 23 spay e
HERET, BOTAASENRILR: BK
sy | ETULET, SSU LR, ERAHERN | JNIURMEMEBTS A, KR SRR
e, | OHBEERXRESTRARHRMR A | ETTRIOE, I CO, LENT, B
* SARRATH; SRR HET RS | kST, BT, B . CEBSAST R
— R, TR . BINE ST R
WL BB, B+ S B, BE | W BT + T + KSR + &5,
B RS +BRNA, HET +IFA +ER, HE+8 | IO+ + 28, RM4AEEO-EN
B AR
g | TPRERETRTE R, WAKRE R,
oy WECEMEA F TR, RS MHIRAEE | E. M. B, SaT. Sl

AR, ELEHERROT IR

(—) KePFABFAEERT R TR
1. BEE-BOTRHAS
BALARE A RAGRA, HFERNA SRUT T RN EHFE, BT kA
AEEFFROHFAZE, DERTRET . BIRAKR . BORE ., BRI, XIZRB
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Bl 3-23 MR KA a-228e i R E
(KRS, 1982, &R
1—MME; 2—HREMAT A A, THE; 3—AOHFESERERAMNE: I—KREHH - BHEETH.
W8 = )R RRRE A R S— R — BET-Hr KA R 3N E S 8K 75 6—iRFihgl
AR, Ha KNS, (RIKAS: T8 (Ham3ses); B0, o—mliy
ERE: 10—RIchGERYS: 11—, EiElks: 2—RBAmAR%

FWHR. K, HAvT#EZ202RK, BER., S8k TF R raaR2sgs
], O ESEET I REHILE, WE 2P AL R, R ISRE R
B UK., W = E BB TRR R, ERARRME, Sy N
e, WIRZEW, mEChEESE R B, BRAEELT MmN G i, B
BRUK. RMTHATERSEEVIIRMASIEMEIXE (EF3-23) (ko
1988},

1L A4 L, BAFE WG AEE, MO0 WET ATEH -5 R 1
it WU aSREMHE, BT S MNBRARRS RS M. KRR RS, K0
AR RN ZE R R B 3SR, [FEEEET TR . TR R SR ISR . A
L, S aERuR. FRE&AREE; 89 A0 S8 A0S0 e 2 Ak s
RACRME, HIAVERI#E—ERRNT, M MBI, 28 A0 R B v .

2. BT -BA- YA KEATEAS

KEAT RETELLAAE ERET. MEW (334) . XAH. hi Ly
KOV EBESERRBE . 0 RE-SRIEFET T LER - XS ntes MK s R
TEM, HEMFAERZFETFERE RN, BERRAA T AR FEEEy s 55
AR AL B QS GRS (F3-24),

ZETHT AZEE, FoREN, BHENEeR, Bolkiss, 7Ly e, |
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B 3-24 RUBEENZEN £ HEFEGKEQT RS 3 EHFelhh 5 i F
( SR R AT 77 FLBA, 1997)

HERE—MRT 0%, HIRALPERZA . B0, KEQRNOAES. EEHEAEZTH
JAEA BN SN B U A a8l (BUBECa M RIR) AOREOT 4652
Wit pE ), BEEr O RS e 8Os 2 AN M Btk fa . Hed, teacm i s 24
MEMZREZAA N A S FEEY R0, 848, Bandid FHAEN»Y.
BuRAKRBELT BRR, SHRREEF L. ElmE, BASTRAELLER:. A5G
KA (EHTAES) -a o RESKEG- s R #l s (BEGhIEET
REE) . MBRBZMAXR., 5984 L, TRLUHE MBI 3 A Re ., Fehkiaigl
PRI R AEWREE, SRS RN R e ORISR A . &, WA, BN
A, EREMIEEG ., ARORT RERSEIZRN. R hRURERRAE, R
RIS - K EOT YA S, TRRKRO-BEn- T Ra- A0 WaHEe, BRKE
F-XEKREFETTYWHES, TABKEAINAZA . 280, BEARR.
3. BRY-BE-RR (MsE) -EBRG (B8h) vkEs
WHRFABGME TR TS SR EXET-REEFERN ARG M aHHa—,
ZEZW, SEERY . BEEFERA, WEAEERUBMEALTNOERET . EERRY
S BB —ERERE DB R L, HmEraiRl R,
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XA EGT, K- atd . =&, FAEREFT=EBH- L
R ABS T, Sy, B EEits, MLRE S AT ESE (E3-25) "TLIE
H, BE LM ENTEAT NP TEO KEEEF MY (5) 20, RITTHA
FUIRERR ., BEHRENO RS, REAREET Y. Ak, PEFESNFREAILE
DAEA

450

asod

3001

2504
him

B L] movmesthumt-.
= aznissmar BT et R
e HERARER s wasmmn HEE . )
2D #etw s A A HARED ’ﬁ" .....

Bl 3-25  JlAR b b R Fa 0 K sl mE
(LT E I AR AR A, 1983)

WMT I RR, RGN =120 4G OaanREL- B, QREAX
HE- O M ARE; QBNARIE-BNEES HLE. X KEG7E LA
HIXFRSE, TR LS A ERNE, MAEENUBENS-BEATRAE, kB HF
WOF . BNTREL-ENEESBEAFTEATEZTF, ANENGYEATHE
HAEREFH AW, BNORE (XHEE) BHELENSY. SNE. BESEFHH
PR, BHAN T Y. SRETBRNASREAL0% L, BRSSP EETH
1E 80% LA b, Heral ik 98% . MARu AR EHKEEFN G, ERIAEKERT
W (BRBEERNT) FROENE, FERITOEAENENO, MBNERAT

4. EBRV-RA-PAREAV REAS

S AT TR M E Z 0 IR 2 A T R AR R, IR I
KREAGHOP R 280 2R R—ERBR=THEA XA HHES T, RERRA
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T SESEMAERZRZRIER, FENBRAL, B VA, o586 MH
AL ARANEAOSE G- SR8, KB WEE, FELRERE, BT
ZH 0, MM &, GGG LA IEMBRSROT &,

ENRRABISE AT = FIImM BB EIRE., KOHEHSET AESTASRES
th, ZXEMELEES, WEEFERRN, BBENFHENEE. 7Ry A =E4,
NEFEPER S . 212000 m, FE 1000 m, fFEDAFEM, HAB I, VERBK, B
o . TEMSEIRASEFTRMT, ¥Ea8avk, —BEAJLFEREI2 m, SEL,E
GRETE, 55 ~6m (2I04E, 1983),

AR A W S A SR 7R, EEAGROL, WA, %
TN T, HEChRRERSS . Wb, A BRAARML, BNakEER
EEEDAHE, BESAFURMBZEGAEOZORIEY, ERBNTEZAX
B, AKfa, Xarbdmama, SENaERE TR b= v S5
EEAES , WM AE KEENTRGRA S, 7" 28O RAMREREK- B E
FAHBIRIZ G, FECRChE, FOk, ek, FRHES . MR, HBR, @EFTE
., FEEE, WMEEERLEERE .

5. BEA-BEATEKAS

TR WA BRI AT R TSR XEAZE D, HRAMEIHBERASS
THiB, TR —BEERIAMEE LT, AR 0.3 ~10 cm, BRWRE 2 m A, F4
RIEROTIKMTIEZRAMAS R RN BB TR, RN, . &
STEENE LA, RS TR AWk,

HEOTZAEE, KOOGgRESK, HALERKE1 ~2 cm, HHELENEFE, &
ali, WKW, A 2EYCR, BIEOS5E 70% ~86% , BB DI BN AT Y
bFo A% W EFE R SI0, 53.74% , MgO 25.79%, & H,0* 12.44, H,0° 8.84% ,
Al,0,2.97%, Fe0 0.29% , CaO 0.28% , Fe,0,0.24% & (50465 1996)

(=) BURIRESWERIESBY KRR R

BRI AR BN A0 T IR o JL MR BUR IR SR Bk R S s, &
BATURARS R R CAREE . R EMPARANE. 59 B FEERmL sty
R AZE . SRRBRHAEIIHETESE . BETEESENEE S
B, DIEHENRE, MgO &8N 25% ~36% , CaO/MgO —M/NT 1.0, BAEREmh S
WkELE . DRt BNERESHET SR, DS, 5, R, S5
fiE. RECEA AR G TRR, ESR EEAMMESE, KT FR FArE ks
BoABENGE—Sn e —BRA A BEaE S8BT REE B EAMY; rE2E
HE, RERPIFEL: OANE—BNEES BROA—LEIE—BEE 25
Ba-—EAN A —ENEES—ANE:, QAEAREN—IBEE —HEa KIS, XF
R LA LI SCE Tl , EFRIFRE RS, A, S4B ARBTE R ERSE M,
TR "R B RRMAE LRI RA R0 R, AR TR 25,

I RAG L= IR, PRIE ROVEHE, R TREHART W RS, % 045"
REEGHL TR,
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1. HEER-FEHEY -S4 G- kERYT KHES

THHAGEESATED., R, Bofh, M8y, 95 Ma B8 AKRE
HizR AR T . WA AREEREA -3, —RELU2W., S8R BEiRer
A RS, B RGNS T K (F3-26) (LHFMSF, 1987, 3iady, 1994, Xl
BAEST | 1995, 1996 ; Jiang C. C., 1996).

B 3-26 IFRE OSSR XXLU + 200 BhHR o R R
(f Tiang C. C. et al. , 1996)
I—ARBFECRR-ES S 2B ETAd,; 3—Ba U8R, 4—ESEE,; S—pirafk o, 6—ig
B T RAE-RSIRES; S—RATRERE: 9 10—mSFHEMREMEECS: 11—

A ERADLT YA R A . A AT AR R R B R R R R
Beti, T A—RBAR . A, RIRE AN, WIZEA RS- A R,
ZEARIZ . ORI, SR, FHWREWE, VAP R RN EENIET S E . D
TA-DOR IR 6 BB 22500 = i8R0 OB E A -BEMRa 25y -a &,

STEE V- HIVERZE T BB L, S, WSS SRR IR
Mupresafe, WERILT WAL A UMM EL, WG RE GG AD Y, 55Nkt
SAMEREA (T FH. BT RN, RESEY . WAEMAEHEY. K
SOV RSO T AR I A I I, el B D e

ERUEEATF SR OUKREGT X, BRAMWELT SRS, WAL
(HE3-27),

2 MR -RRA-EREV-RYE-2Z8-B38E (ERAR) vKR4AE

THRAGBAA TSR TWER D, USSR, FeEamit. 8. ahem
R, HA, R EA B AR RAIEL (B 3-22),

RS R EAR R REBEIR, B —E BT M, P PEek
HIRESC P, B SHERESERM, T SRAFERY. 7 ERIER NN P RSs
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; X ; . ’ C TE Eﬁt-i
2525054] = oot LN
O] REET e LlLv Hage =

HrH empons = muay 1+ nms

F3-27 RMBEBNT S RO KEE G X HUR E

o WA, ATREM, QBN R-RECREAMTEZEE, R ERREAE
A, A7 MRS E T A G O . BT - R A B L2 B

FEOIRPIEAES R G ERRE, WMAMAERL | Whta, 28T, 2nERS. B
BEREE, SMWBRICEOT A . G, FER0 T ATERNTY . LEOF R
HURARAN, B ~2 me RSB FZ M RET T AL A M E PR ag B LI E X
HIZEOT R (0IZhE, 1985; Z=5|hEg, 1994; A7l 1985h)

sesh, SFAGNEIR RS A BRI AR, EEBSRT ., BT E (8 MR
Tafl, R—1&E. ESREGT K.

. By RINEME5NE

BERCAE A KA R P A RA R, JedrE. BBt i, ER
(SN U R A Y TR e e 35 T B i Jos B oy

1. Rt

BB A REM RIS BT RN R, P EET SEEy Y. Ak
TACRE], TR ZMTRRILTRIHESY, B8R T —HESrynEgEy . 5a
i, BTG . SRS, ZEYFOYENEIIT U RN TR, A
BREAMOLSRZATERGIET Z, TERSY, YWhRMEEE N, T
Lty 2 T AR, BT 5 AR S MR LU =070

1) KOBEHBET SHAAREEPRZ XE, THAETARERNIRA N,
WARMER, Rer, UM, SR, SRR, BOR. TR, NS, 280 ERAn
WERA, MEFIEEZET MG =02 IHRER.

2) T RAsO AR ERER. A5, BT SASARIEEN ML
JLF C/GatbfH L6 =, SEOKAY 1.67 #f. — 8T T, Zr, Nb, VERNSE
P/ T R T T IR ER A B I, IRBIZR BT N =40 KFLE R A AR Y

3) BT AEEABRIAGIE 8V C (%o) py [lIRYT, HASLAENE -2.9~ +0.3, F
WEZRLTE, RHTEEKER, BRME 6 0% EBHEE, EIIMAE LR ER
+7.93 ~ +17.05, FH{EHGET +10, R THUNFET,

ST A WSUh . BT, EING, KB SUE RE T kR, B HAS
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FRTENKRT 2, ERRIRSAERDRE, S8 7 EHR B FE &2 K&
BN BL RO R, b TR A, 1L -HE IR LR,
R R o T, MBI T — SR B, SR e s S s
LR A

B, SMBE . WEF, A, A . BBE . BING . KBS
B IR S50 R EAT IR

2. ki

HA R PR MR TR T A A R | IR PR TR R A R 0T
ORI B R AE & RO RIS E , BO BR A R PI A EEIRO R 25

WIRTSCHE, ILAH M0 RAS NERT BET RE S, MIERET .
KRG EOKY . RIS . USSR, P, AT HRERMER, Rk, &
BORBE IR T 1 QIR RIEA 2 I, TR SR B s a2
TREAWF AR, T 7 A A NI R, I AR LSe R
RRDIRAE R . FORASBESHI, I T 2 e BB S R RIS, (e
THA R . BRSNS, TS L, B A ERHUR . PRE AR,
B M T R RI R R ORI R R 4t L — R, {1
TERBLZAR, TR R A TRAETENH

WEAF, TEILARRUR EKIIT . XIS (RRE) . KRN . 8 LS A
BT SRR T KA & . KA RTS8 0 AR L TR S
MR, SO R ORI MR (R 8 B IR R KB . EIRES
A ERTF IS BIE W — L RET— AR BT —# MBS0 AT (s
) -BRE (BER) PRAG. BNV REY, KBNS, =
B, FHERFTFEBR—EMBRAIA T, SEET. WEEHLE, AREE
36, KRLOEMET KB ISR W - R E 0 RE 5o SIBT 0T A
17 A ARERE R R, 8 R BB BRI T E S 1A
B, SR SRR,

AT, ERERSRRRIER R A S T PR R A o A AT TR S B R
TR BRRE . KR | BRSO, SRR — T Ky
IRV T I A A AN T R S B R G R A

3. BRETE

AT AR SRR . T T IRERY B R . MO, AT FIK B R
SRS SR RO TSN =R W B, —RGTH Y, U0 RRIURL
BT WBG AW AN (BTE) HHRB, BB R E K
TR AR R . SR TRE ., RECH . B MEN TSR, =W
U H B, SRS I RIEECR , RS SHIK LA |

ARG BB, o TR AR, A AR5 RS, e
WIT KEEBE BT FE R, KBTRIA =8, REMATE, SRS, BaIa
WOEE, GERRR,

TENF PR BR DK, MABEERAR . T EE L, TN BN 3 R
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T HY . TCESEMIL BRI A S ENGT, AREAERAW REERESA . &
=B, B . BN, (BRI . KB REESRIERE. w Ty
WA, R RIERS A KT Al s, PR KEN- IS A- ARG -O BT
WS, M EKEA-SCH- KT TS, MREKER B Ea . BT, K
SAME.

4. i

38 R 22 41 PSS [R) 0 RS #50 B 4re  Fe) — 8 IR AR OR [T 0 28 B A AR . TLARHL X
WA SEET T RS IISEAERYIE, IMEEERET . BEOL, BOKE ., B
R, XUEBCERIN, Hd, BEPRSELUZR. Bk, BRERNEERETRGRE
B3R N, BART R SET TR R I, WHEZ RSN RRTERMNE
LI

IEEZE M A G (R P, MEEAS G G A R o B MR R L iU . —
fE, BEAAEATEGEIRBEED 1R R GT RAEO - R A8 ahE
ST o R R AT IR

5. 58

HERE BV ARG KRB R — 7 R AR R A R EN s R &S KR
MBASRLROT FRER — B, FRTAE LN, REAFERAOT X, #at
AT EETHEE MO A MES ZEMETT AN ey 5, flaiani SEEE
PR ZRIAERCER, FE RS, HUuOonsaik. shiga S5 afid, 1TasmLL
TS, AXRNMIEASEEO-SSRE R, RO SESH, MEONEERK,
A SRR A S RO EMIE R ARA A,

AR IR H A5 B A A R 2 B UR, REASRAREA L. X
PG RAEEH, BRTEAGYFASHSRATEWTES, o, DAERNTDEMEE
fb. BRAOLEFELETA/PMIFNETX, UAZAZERENBESEEAAERS 4G XESH, ©
BAENOB SO REE. K, XEKRMAMA B AFNR, BRNaBPRE TR, XX
WA S IENAEEHEEN S —ER.

6. i E M

SEMERAES B YR LYY SESN AT ERR. RN AL AR
U, B XE, TN ETASER OAasaREA-FHEY; O
Ly R LRI ECH T OB KA BN ERS-HAE. XM KHadE
G XA, fEF K ERARESCA TN E, MALENUERG-BOTIKAE, W
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Genesis and structure of major

metallogenic series of China
ABSTRACT

Metallogenic series is an academic idea { concept) for studying regional metallogeny in the
sciences of mineral deposits, which is using the viewpoint of systemalic and evolutional theory to
study the natural association of mineral deposits of different stage in the development of geohistory
under special geological structural seiting through metallogenic processes. Taking a series of ore
deposit types, which have temporal, spatial and genetic relationship, occurred in a certain
regional geological event as a whole, metallogenic series research is of significance both to
recognition of regional metallogeny and to mineral prospect.

This research focused on three iypical metallogenic series of China. The first one is the
famous Mesoproterozoic SEDEX Langshan-Zhaertaishan ore belt, which is Lhe oldest SEDEX ore
belt in China including many large Cu, Pb, Zn, Au, 8 ore deposits. The second one is Mg-rich
Mg-B metallogenic series distributed in Liaoning and Jilin province. This area is very abundant in
Mg, B mineral resources and the metallogenic serics there is lhe oldest one related to evaporite
facies. The third is the typical superimposed metallogenic series in Yuehei Basin, northern
Cuangdong province, where also occurred many large and super-large ore deposits.

The main objeclive of the research includes two aspects. (Ulnvestigate tectonic seiting and
formation processes of seme important metallogenic series, development degree of different ore
depusil types in the series and controlling factors, find oul temporal, spatial and genetic
relationships between differenl deposit types, construction structural model of metallogenic series;
(2)Taking the submarine SEDEX metallogenic series, Mg-B metallogenic series and superimposed
metallogenic series as examples, illustrate their controlling factors, forming processes,
metallogenic mechanism and product series. Analyze the potential to find new commodities, new
deposit types, large ore deposits and high-grade ores te provide scientific basis for regional
mineral resource assessment.

The main achievements of this research are as follows.

1 Hydrothermal exhalative sedimentary Pb-Zn-Cu-Au-S metallogenic series in Lanshang area

1) Metamorphic bimodal volcanic rock layer is identified in the Dongshengmiao ore deposit.
Potassium spilite and acidic volcanic rock interlayers were discovered for the first time in the
Tanyackou deposit. The volcanic rock also shows bimodal characteristics. All of these voleanic
layers occurred under the ore layer indicates that volcanism may provide heat, fluid and part of
materials for mineralization. These new discoveries give evidence to construct near volcanic
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hydrothermal exhalative sedimenlary model of the Lanshang type polymetal ore deposit.

2) A thorough study on activities and ore-controlling processes of synchronous faults in the
Langshan-Zhaerlaishan ore belt was carried out during the research program. Synchronous faulis
actlivated in multistage and showed a close relationship with volcanism. Differences in scale,
aclivity frequency and duration of synchronous faults cause differcnt scale and ore commodities of
the ore deposit. Synchronous faults in different seale controlled both regional mineralization and
local ore-formation.

3) Comparison with some same type ore deposits abroad indicates that mineralization in
Langshan-Zhacrtaishan is very special in volcanic activities. Comparison between the Zhulazhaga
gold deposil with the Huogeqi and the Tanyaokou Cu, Pb, Zn, S deposit shows that they are
similar in ore-bearing formation, tectonic setting, occurrence of ore hodies and synchronous fault
activities. So the Zhulazhaga deposit can he included into the langshan type submarine
hydrothermal exhalative sedimentary Cu, Ph, Zn, Au, S metallogenic series. This view enlarge
commeodity scope and spatial distribution of the Langshan type SEDEX metallogenic series.

2 Mg-rich carbonate related Mg-B metallogenic series in the Liaodong Rift

1) The history of occurrence, development and closure of the Liaodong rift, Liaoning and
Jilin province, was reconstructed. Put forward the idea that large scope of Mg-rich carbonate
related ore deposits occurred in the Liaohe Group in the Liasdong rift evolved consistently with the
formation and development of the Liaodong Ridt,

2) Factors controlling mineralization strength of different ore deposit types are confirmed.
Early Proterozoic rift setting in Liaodong area influenced ore-forming materials, fluid source and
heat supply. Among them, evaporile rocks and evaporation distinguish this series form other
metallogenic series.

Different with most other metallogenic series, there are many ore deposil types in Mg-B
metallogenic series in Liaodong area, ore deposit scale are different and show complementary
feature between different commodities. The representative example is complementarity, transition
and transformation between magnesite ore deposit and tale deposit. This may caused by change of
mineralization microenvironment.

3) Evaporative deposition and metamorphic hydrothermal reformation is the basic ore-forming
processes of magnesite ore deposit. Large amount of stromatolith found in magnesite ore beds
indicates biogenic mineralization during ore-forming processes. Gypsum layers found in the lower
part of the magnesite ore beds give direct evidence for evaporative genesis. Considering modern
sabakha model for magnesite, evaporative deposition genesis of magnesite ore deposit in Liaodong
area is brought forward. While 1alc ore deposit is the product of reformation of Mg-rich carbonate
formation by structural-fluid reformation,

4) Mineralizalion features of boron deposits in Liaodong area are studied in detail.
Comprehensive study on stracture, fluid, alteration and mineralization zoning show that boron
deposits in Liaodong area is the result of velcanisum, sedimentary and metamorphism. Boron was
firstly enriched by volcano-hydrotherml fluid and regional metamorphism made it reform and more
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enriched.
5) A further study on the inlernal structure of Mg-B metallogenic series in Liacji area 1s

made based on the above research. Concepts such as homologue, paragenesis, superposition and
Lransformation are put forward. Two sub-metallogenic series are established. A primary two-stage
ore-forming model was set up, including early stage evaporative deposition, volcanism and
hydrothermal deposition and late stage regional melamorphism reformation.

3 Hydrothermal sedimentary polymetal metallogenic series of the Yuebei Basin

The Yuebei Basin in northern Guangdong province, a structural superimposilion belt, is an
important component of Hercynian-Indonisian sedimentary basin in Southern China. Affected by
strong extension of and palaeo-Tethys rift and the west Pacifi¢ rift, two imporiant heat events
happened in late Paleozoic in the Yuebei basin, e. g., the early stage of middle-late Devonian
submarine volcanism and late stage of early Carhoneferous hydrothermal activities and basic
magmatic intrusion. So submarine volcanic exhalative system, submarine hydrothermal cireulution
syslern and compaction fluid system occurred in the Yuebei basin. So cause the generation of lats
of imporiant Zn, Pb, Cu, Fe, S ure deposits including the Dabaoshan, Fankow and Hengyan ore
deposit.

1} According to the study on basin evolution, ore deposit geology, fluid inclusion, isotope
geochemistry, the Yuebei basinal fluid system are divided inte four sub-fluid systems, including
middle Devonian to early stage of lale Devonian submarine volcanic exhalative subsystem in
Dabaoshan area, late stage of early Carboniferous submarine hydrothermal subsystem in Fankou

area, compactional flnid subsystem in subsidence period developed in the whole basin and

,
Indonisian-Yanshanian gravitational fluid subsystem.

2) Based on the comprebensive study on structure, fluid, alteration and mineralization
zoning of the Fankou ore deposit, submarine hot spring vent and fluid migration direction are
confirmed { combination structural analysis with fluid inclusion analysis). This provided new
evidence to ascertain superimposion feature of the Fankou ere deposit,

3) Major ore deposit in the Yuebei basin and its neighboring area occurred in the Hercynian
cycle upon Caledonian unconformity surface in Southern China. Most of them located in the
transitional zone between lower clastic [ormation and upper carbonate formation. This is because
that clastic formation favorable migration of fluid and carbonate formation is rich in H28. So
combination of lower clastic formation and upper carbonate formation constitute one of mest
favorable ore forming environments.

4) Comprehensive study shows that mineralization in the Yuebei basin is controlled by
structural movement, basin evolution and ore-forming activities. The Dabaoshan polymetal deposit
is related with submarine volcanc-sedimentation and superimposed by late magmatic hydrothermal
events. The Fankou Pb, Zn, Ag deposit shows close relationship with submarine hot spring
exhalation. While the Hengyan pyrite ore deposit is closely associated with compactional fluid
penerated during diagenetic process.

5) Based on thorough research on typical ore deposit and basin evolution, superimposed
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metallogenic series from late Paleozoic 1o Mesozoic is ascertained in the Yuebei basin. The series
includes three subseries: (Dbasinal hydrothermal and volcanic exhalation metallogenic subseries
( including Hongyan, Fankou and Dabaoshan Cu, -Pb-Zn-Fe deposit ), (2) Hercynian
hydrothermal and Yanshanian magmatic hydrothermal metallogenic subseries ( porphyry Mo
deposit and skam type W-Mo deposil near Dabaoshan ) and (3 Hercynian hydrothermal and
Yanshanian magmalic hydrothermal metallogenic subseries { compound ore bodies in northern part
of'the Dabaoshan ore deposit}. A preliminary model of Ph, Zn, S, Cu polymetal compound
metallogenic series was established in the Yuebei basin.

4 Structural models of metallogenic series

1) The internal structures of metallogenic series including material structure, temporal
structure and spatial structure are analyzed with examples. Some concept about metallogenic series
are brought forward, such as homologue, diversity, intergrade, complementarity, zonation,
paragenesis, intensivism, multi-phase and superposition of metallogenic series. Also the reasons
for these phenomena are explained.

2) Factors controlling diversity of ore deposit types in a metallogenic series are summarized
initially. These factors include (1) enough ore-forming materials, (2 unobstructed and long-
duration hydrothermal circulation system, (3multiple ore-forming mechanism, (@)multi-stage ore-
forming processes and (§)durable and stable ore-forming processes.

3) A new classification of metallogenic series was made according to temporal duration and
ore-furming processes; (Dlong time mineralizing type, e. g., sedimentary or biosedimentary
metallogenic series. (2)Brevity mineralizing type, e. g., volcanic effusion metallogenic series,
which underwent a long preparation time, but the ore deposit located in a very short time. (3)
Disaster mineralizing type, e. g, the Sudbury Ni-Cu deposit in Canada, which occurred
suddenly after an aerolite impact event, se both the preparation time and location time of the ore
deposit iz very short. (4) Mullislage mineralizing type, e. g., green-stone type gold deposit,
which underwent multistage preparation and enrichments. (&) Early form but late located
mineralizing type, in which ores formed in early time but the deposit located in lale time, e. g. |
Finsch and Kimberly diamond deposit in kimberlite tube ; some diamonds are formed before 3. 1
Ga in mantle environment, but the deposits are located in kimberlite tube which are intruded at
120 Ma.

4) Example analysis shows that well coupling of ore-forming factors is the prerequisite for the
formation of large and super-large ore deposil. These factors includes continuous supply of ore-
[orming material, fluids and heat, compact structure of ore-forming material field, medium field
and depositional field, suitable onset of mineralization, stable and continucus ore-forming function
and good preservation condition. Large and super-large ore deposit usually occurred in the center
of multiple ore-forming events in space and in the main ore-forming epoch during a long time ore-
forming processes. Multiple mineralization and superimposition in the same space is one of the
most important factors controlling the formation of large and super-large ore deposits.

5) Preliminarily point out that there may several relationships between different metallogenic
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series, including (1) transitienal relationship, (2) associating relationship, @) successive and
transformational relationship, @evolutionary and replacing relatienship, (5)broken and bifurcating
relationship and (&) superimposition relationship. Research on relationship between different
metallogenic series should be one of the most important research programs,

6) Main contents of study on metallogenic series model are summarized and principles and
key points for establishing metallogenic series are brought forward in the book. Also tvpieal
metallogenic series model of the Middle and Lower Reaches of the Yangtze Rive is listed for

examples,
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