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A R — 2R EUN . A3 AR A R AL
AR, Bl TR UMy T A X, H
RN 2 /0 A B A M 20 O Hh B A 25 1Y
WRRIK . P T AR AR A KA, #1
SR ZE FARA A X A M EAT T ek,

3.1 BERREYE

AR 900 m, FEik 70 m, 7E FP ARG
IRAL A B A (& 5), kiR oM A AL 7= T 57
VIFAuRA FABUH o, Ja 8 AL b v A% Sk T4
K50 m, B 20 m [ HCRER A 5 B AORN B JER,
AR SN M), W, fif 407~60°, MR ™
HB B A & AR A DR R 43 i 3 ML
SAFFROEAE (B 5), Bt A A B A A4S A
W B S R A B R BB
[ (49.974 2.0) Ma | AHYVIMZAHER, LA
150 m, 983k 30 m, P FHIEMH 90 m, B
TEDE 5712 m (7R ERA 5% 00 TR AR AR 7= i
WL, fiif 40~45°, RF=FimilMakaib,
HRIEEICA IR R e FERD . AR,
W, N R DB AR, BRIk e S
SREAIRA (b — I AR A . I, AR
WA HEA AR AR A B R AT B B Ak )
TEGER A E R, ik sE BRI,
BRANAIARS R, WY T ), BT R AR T
W RIS, 5y Iy A AR
ERA IR E SR RINEED . BRI
45— AN 28 2= B B W A0k R K A RE A T

F1 EEZRY LT RIEA Y WX F WA F R

WA R B0 AR R Cu-Mo BERAE AL AUl

BT AEWERE EWEE AEWEE T e FE
AR I O s R A I At IR Ak

PRERET R A IR

[747R /M ) A A IR A s
A S /RN S 1 A i

WA IR A I A AR I A
X7 N S i A I &t

i A AREEE R &

A2 2T L A AR B
wHE EWEE O F W +u A >
By F W EEEE SR I A I At

& > It i

JrEv A A o A g

i £ A gt A gt I A

SR/ L2 I A

AT R IR I

g I Ak IR Ak

SEETN I At

BT IR it

WERRDT R

W £ i

EARCERNA o &

A FE IR o R EWER
ek AT
(/SNSRI IR Ak b

Ridfr Ak

£ I 1 F A A i b i

E5 BEhEAERT TS 1300 R EEE

GL7H1.9) Ma (4R, EBON N i A A b
FRA M S PR AF I

HA RIS 82 T e 28 2R R I LUEA T 3k AR
A REAR [ A7 A 30 m, A 280 m, 5§
K70 m, JFUVEURE (W BT, fif 45~507) [l ¥
PR, BRALYIAT - TR R A1 . BRARRLEE
e PRI P B ET . SRR, SERET, RO
INEER 2R, AR R SRR S R AN TR A ) 7 2
AL, AR JCR PR AR AL 132 B
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PR AR g b, 3 {45 0T R A = Y
B, AR, BERHIER , 2 AT AR A
P/ NIRRT SR, SR A2 2 DN B
B AR BE K A o B A5 1 K-Ax A 8% 53 01
(58.242.0) Ma fil (58.7%2.0) Ma,

R AT A A AR KR B, LAE
17047 88 50 m, %7K 80 m, FEik 30 m, [1]
TRERFFE . ) WAL, fBiff 50~55°, Bk T A
rh AR A I AREEE I R Dk e L 32 ER
BT, B A E  RERD AN AR A AL

Ak 5T A ] B8 %) A e A AL 4 R
T 0 171 [v0) P R B ) B 0] o B A 1k 32
B, 2 FUEARET W AT FRGRE A
FER, WAL s SR UTE ) ) R — AR, T
BRI T, R R RUEAR L A A A8 T T
HAAA KGR, S 72 7EA8 & A )
2N NS,

FZ R IRHE R R B A 2 A0MAR . NEB
PRI AL 25 BE- D b A8 A RN AP 5 S0 AT A A B
AnaRe - AR (B 6), I nbl-fh
MEE I G SR B 78 i A AE ) SR lle A A e e
I i PR AR AR . A A TR a1
Bz WSk, BRI KER @, I H TR
MASRIEE IR . RACA A TP AR D s ate A0 1 Bk
T H AT W AR Ak, RN T
(A974) g SLHILLAE A - A vy — e 5 4k e -
WERRA i A — 3, DABEERA ol F Sk ) s 1
FESCHH WA . B T2 4 = B bl iy
FEf, EWMAETAR B R T 584 300 m BYHTfkiL
Tt AT IR 2 A 0 508 (R AR e
WRAFAT FR 55 2158 frh AR 0 R IDK Ll Bk = A e
AR FEIEY) . LA FEIR 3 m AORLRL B KT B
Wk, A RROLE = B 95t )2 B AL ) A gk e
ANKIIE T AL A S A, T ELA AT

B B

B 6 BRI 6802 N 2 EH M REE

JENBARFRASAR X PSS LA A R0RL B
FEEMA BB ANE Y], 4 = B el AR PR ]
LA R BRAL W A2 T S lle A -£0 A A AR A
FH . A VA W S B A = 7 T Ak e R
LEERA A ] B W AORR KL 5 2 v
et a

A AR AR W W] S AN [ ERE B S ) L
DB FEAZ K LA Bl Ff R A, B
[FZH AL 1 — > 2 Fet, s g™ (L PREA A 4=
BCAAL CRRGLR TR | BAREE I
PEE ), WATBSHE A, T RLT RS 0 5E]
BN BRI AE LS M R A AR R A0 e )
WAk, FERDEIRLR L, AN T SRS
SEAR L I8 R 3 A B R A OB 1 AN R U 514
YRR FIFERD 25 h S I T B AR R e A
TERVSRG™ . B - B B B P AR B R R
WORE B AR 13X — k. TERS S HUIRAY BLH 77 o
A B R I JUK RN 20 Uk A R SRR R R TR R i R
DB AT R I KRN BESR BRI, INFED
T8 E BUE B AL i s BrBcriprak . 78
DN M BV e o b s DU B . TEab . B
WA AR RS . X TEZR AR A S
KU, TERZRT R LT 2 N B 0 & A B
B BRI AR, 3 B X B $PR 2
A CHEHITRE” (Chalcopyrite disease ), FFH{IAN
S I DRVERRT T U [R] 9 M E A= K B ] A S5 T
Je WAV Sy s 7 A i AS R T T ey . 5
ALY fe W T CRRAR AR B 7 30 A BN AR

FAZR A WA A & 0F B 5 b % UIA oG,
7500 A ARG L TREERD ORI B (O
I3 HRny & AR TR s, 4
R ApkaT Y, S AT R, TR
— B R N AP A4

R G J& BT B 1Y 5w UL B i
i B LR T B MMER B (D,
IR SEE TR B DR B AR, R
LU MR- OB E AR B LS F AR
XL ) R ARTE — LE B A R b R B
=i, I HE e S RN R
R PeRE ST 16 R R, TR Yok b
R BB B R 05000 REE GRIRH
.

JEESRIRK (1979) AR AT WA i ] AR E 1Y
WAL s AGTT IS 20 e = A4 B 1) A T3 ] e
1 350~491 “C 2],
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3.2 W

FH AT ARK 700 m, FEi5 90 m, I
SEff, TG SRR AL . (BRI )
YRR ORI G L I R A
RHCRER A BEIR . 04 E e T 4 kil
TRAILK LU REE A R B RS 2, 5 M 28 R 1Y
PR AHRLEE A AR LIS A A AN ) T IR A B AL
BRAIE) 5 ik, SRR R BrALG SE e e, ek
. T AR R WAL . Ak
WA/ DGR, B, NP TR, W
B IR YR TR, FERS .
TELE R AR I AT AR AR ETE A 7= T 3,
WERERT RIF SR PR T A M X RR AR . BN SRR
TG P fally B FELE R R 90 m B — 4kl
N IZ YIEIA A 2 R R S e e R A
AT, PEHCIREE Bk BEbe vhm] D) L3 98 2~
10 mm A EEERE AR BEN

T W ORIBRIZE 2o BE | A SRS T AR A
R UL, IS BOU BOME LA IR (1) KGR (o sl s R (o
A, FEE SR AR R T iR ek Ak
ARFCHLLAE AR E G, HP R 2T 4R
O AR AR b, BRI A NI, Bk A 2B
o, AU IR S EE, BAA ML A
PET Tk P 900 m, FE 360 m R, TR
ARikvE (1974) BRI — KB A ER A FAL
/IS L= o VA 3 s g 1 R N o S P
W, FEKINIEIE A LR Eor = b
g, SR CRKEIERAMRA AR T
FHREZ I b 90 m YW Bl N LLAE A G A8 1 T 47 4%
A, R R AA A M E AL K-Ar 4F iR
(49.7£1.9) Ma, BEFEIIRKM M E F4 4 —
MR DB AR AR RS T (48.8 4
L.7) Ma WAER, X FERPOAH EBERK —K S
A AR AV E P B e Ay . R K
FAI RS T RS 020 A A

SRS ANTE H AN BES B B A 1 T
FROIR SR (8 SRR ) S A A, R LA A AL
AHES A1 B T R A SRR £ IF A7, i
Pk

FH U E A, HH TR, MRS
SrRe SRR, WAIRES 2B T
B, AR, SRERETE FIMERR AT R
AR FEE T, e, IR T INERT

H, —LEENRE Tk oA AR . PR E E
B (1971) il , FEPEA BT 5 A BORL R ETIR
BRERETD . E 0T e RIS ) —MREE,
3.3 REFEwW

e 1979 AR W Z B, hFE
KRR T K TR 4 R IRRE A, SRk
HEFT I 4 NI BRI — K 200 m, %8 12 m
R 107, WL, i 45~50° M & mik i
AR SR A ) AE Y AR 4,
W, RS, N, BT, SRR AR
B, MRS A ROk AR R A
=iz kLB S)E T, &Sm0
IR 2RI 7, BRSO 5 AL
3.4 BSAW

AL TR S AR B R, s A
¥4 1000 m X600 m, FLBMIATE, H— i
SN R B R A A S A el . FS
FEZ LIRS 20 BRI Az . BRA
SHRTEEMAL 1% 3] 90% LA b, S4Bk
PIBR I L A L R IZ YR 2= T A iR
B, IS B A SRIE BRI R AR )
—ifr, BEEAEFN A, Bk asg
S, MRV — @RI, D e
WL NERDT, JrERET. BNRT. REEkE AR
TR FEL 1.5 m FIH B, 4R SR,
FEFR A979) W@ RS AAMRA AR
YA K-Ar AR (58.5£2.0) Ma, iX
ANMERS SR F R = BRI BE K 5 1 K-Ax AR I%
[58.14£2.0~ (58.742.0) Ma] .

LS AT R R RN P R AR B FE A
F S i s A
3.5 AEZKESK

A BT AT R A0 R T
KA T R 22 Rk . BRT . SRS
FLIARFTENZ AR . X — 3 46 5% DX 119 3 ] 3%
W, ZRAREE A — A A IR AR, Rt
KA C A e G ME bl s BaRk e AR R ek
P, FEZ KA RS B 3N T, e as it
FEN (1972) HH . AR R R A I — 45 S B i
NISE T

ZA B KA AR AT 5 A g e R AR
ARHATH L, X AURARGAE R A e K
FIE A R B /IR A R . i — 22 A
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E 4h 5 K-k Kol 2 £ 645 R 31

IREAT AT B RRAE HE SV A v 58 B ) R AR TR
IXEEAZ AMRAY K-Ar 4583} 4756 Ma,

4 ARER

AR R AL S SR E S
Mg G 2), THA 4 Fhpas2enl,

x2 HHRNEFHTTY

[/ B A k. 5 =K

A Al2SiOs
VE XA Al2SiOs
W & Al203

L

- Ly =pel Al2Si1010 (OH )2
KA (Fe . Mg)Als04
LR A (Mg ,Fe,Al)s (A1,Si)4010 (OH )s

Mzt (=) KAl (AlSi3)010 (0H )2

x| A Na(Mg.Fe)sAls (BOs3)3(SisO15)(OH )4
R WA (Al,Fe)7BSit0O1s
I SNI¥al (Fe .Mg)Alz (PO1)2 (OH )2
o Y8 Cas (PO4)4B
7] AT Al2 (PO )(OH )3
AR L SrAl; (PO1)(S04)(OH )6

D 7GR AFHEE LR, 1979,

D) SRR yiAs . AR S AR A
NI, A FEZCRIE AN &), X el
At R S50 X R G AS R L &

2) T s . IR A LA AR
BT 7= A PRI TR 2 A TR 45

3) THEY W AE . WFERER AL B KA
FERAT TR SRS BLTE N S B A 9 7= F T0UR 0 Ay
o, SRR Oyt S 2 m YA | X R
JrHAngt,

4) BABAAPEAE . ZMART S E KEA A
B-A3E, KZE4 600 m, 5580 m, EAlHESH
TR AR Bk A TL B RS A8 R AR RS 24 4
RN Al Tk B & B A —EL,

5 AR

5.1 #EMTRIER

MK ZKS, AR T IR R P A
TERT Y IE Z JE R L AR G, — R
90 m MY A7 LAy MR IR LA AR ) SRR A fift . 7E
JaEB A A AT B AR A B S O R S A
Ao BABHEE TIZRBUA R LSR8 90 m 1 A iR
o, (BERA 9 m EBEIN S ERER, #
BOER RN B AR BE S Y R B BRI A ik 60
m, 75— AT A AR TR FH 2 A R L L i

AT AR AR A

AWK, RS2 2 T R IR
MAE, BB A . IS A AR, JRAER SR
EL AR e AR A B k), AR s 5
FUPh AR AN N . PR R SRR LA O rh 4 I
A KA SR S R 2 Z A il
5.2 BUTHRIEA

4 - IR - SR A BRI AN A 4%
5 A0 LR ) B A i AR 2 A B I AE R R R R ol AR
b WIE AR S = B FRER TS AR s
AR, TEETAH . AR R B — PR Ak i AR
Y.

RACAR TV E AT e & AL AE PR AT A T 7K 1
P, BT RR AR AEE SR KA A AR
WA G AR st A W], K-Ar AFI R, Bk ih AR
TR AR 48 Ma LAHT,

6 TR

JITAT I3 S 2 R AN B0 BT I R 2 i ot
ZAHBER Y P 2R 16545 BRLAY Hb AR AR S 0 2 0 A2
My, MRHEAR KA MR R A A A — L
J& A SRR R A S AR VR 5 4 A A B
SARIEPE , FRLU K-Ar SEDE B R fNA
FRHE A 0 BAE i S 2 AT |
6.1 AEZKEEK

H A 0 KA SRR D 4 SRR R
W, Hirb 2 MERBYIN 56 Ma, JEE—0, Hil 2
A5 R 60 1 62.7 Ma,

6.2 BSARANE

A MARA T LA Z T — 1N
RS AR IR, A4 (58.5£2.0)
Ma, XAAEIE 5 28 - 0 ik AR B A I 4F 1%
(#)58.2 Ma) T4r#i, FWX 2 FAFATHETE
W EAERR
6.3 FRBHLEKRE

XTR AT CREEr 28R ) L Ao 4
K ASEE R AFENIE T 5 DN EARR . Xt
Ay B RS . SR B AR RHY
1) 4 FES A 3 MRS T G, RIZ0SH
58 Ma, 55 4 MFEM IV IA N O 8k 5 A A 1
RAM [(49.942.0) Ma]] £ FAYZE FAE FHIE
FHH AR AR M Z . 2978 48 Ma, X
— AR SRR TR A AR AL, G, BT
AR E AR . MR B C 124
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FHAWR A REZ N 2009 4F

FREANE A SR AR B E A . A
TRIEAARR . BRI IR B AR AR K
FEE AR A RIS . R RALE
FH L AR R AR AR Z AR E LR E &R
6.4 = &

E T REZSIRBRE A5 3 MR AR . 2
ARG A58 A S LA AR, . —A
WA HIAERS . AEIEAE 48~51 Ma TN, A
LRI AR IR T ZUE AR, IR, Xy
BRUVEN TR L PR A B R e R 1 Ak
Yrist., WA KA A AR TR K
T, XEEEEETRE R THE R KA AA )
REHAAH .

6.4 HERIKEZRE

MSE THERK KSR 3 AN B RHER A 1
AR AR, X EAE I R 3 AR AE W — 2,
B2k 49 Ma, 53— MFEBH 52.5 Ma, EAERE
FEURIN

7 LA

RIS ZZWA kS 2 M BRAGET AR~2 05T, Al
PLFF R . Bl IR Ry 220 A & )
ALAEY3 73 6 A BrBe (&1 7)), #7IR 5]
HER IR BB M OTRE RS < 56 1 BirBe, B
B, LA, BRERET. RERRET. TERDFIBIER
2 BB, WA, NFEET, AR, M,
BERHY) (BAE AR, BIBR AT, MR,
MEERBERT . BRARARAR AT, TRZLARG™ FOESE™) A
45 50 3 BB, JrETE RIS MRS Y (REER
PRV MR ) 5 SANTBL, DT, INERET A

B
S 3i
e
=20
T
WmEy —
B
HRA
&
B
T5 8
G
=R —
ik —

7 EUEMERRY SR LN
R IR ST A (Y B R AT R R SR PR A, {F P R A
P FELEIE A AR AR EAIX 23 . LRI SR T RE BB, DRI i i
T

BORRA KA AR s 55 5 BB, HERIT; 5 6 BB,
WA, 51 A 2 PIRY Be A B A ik s A
.

7.1 £1ME

WY RSB Y, (BERERELT
ASE LRI A R I AR 7R R st )
a5, B ME SR TR Y AR L REAE
INEED B b R AR PR s A B0 . Bk
RN Ik VD H) T 850 20 & Bk A e ikl
HAANK, B A 2 IR YUR A se Y =
TR SR asE T GEIRTER R
HEAYIEI AR AT B kLA AR
TESEUT R — KA 2 MU J5 I B ) 5 1% I 34
Ko KPR BESSF4) AT BB SR AR TR FH M 25

BRSO EA A iR ThE IR eIt
FIAIRE (2R AR YR B B iR K
). A AET A IR TR g T,
XA REN] , Bla TR S SR B A A ik
SIS, . TELUG BB R A U], i
A A R R A A, SRR DD E T R
AR, I, BRI R VRO D SR LR R
R,

WA CRERRAE T4 AR CReil&
TERZR R W —l = I S g Az . B
WY SRR BA AR . MTEF0 ek
W - A O R W ol W3 WG — iR
BRI AR R IEY) , IR E g, Sk
HE R AT AT R R R
WA IR I R X 2 4,

7.2 E2HE

BT SR AN BRI s A, e
Mo TR FIEERD . X 2 R AR By
SAGRFEIAN) BRI A RS R RN AR
AL A IEANNEE REB e 4 — 38 i f ik
AAIREE, USRS AL B S e B B 4
ARE A RIS . e EHR (1979)
B, H UL R RS (AR PR
W R RS . B R R e R
R JE FEUE B o i, B 0 7 o 4 R
&, BESAI K, PURFEBEE 2 Y
J7 %A YRR T R AT I A2 B R T A B R
EYIE, SRR, MUETEE AR A
MRy, EARR TR, YRR TR
DI PV =& e A ORI P

HOEE R AR SR YR Y . IR
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BRI SRR 1 A AR BT R
W,

e Y AR W O A S 2SS ¥ L
INAFE FE AT R BERR T L EsER . e
S BN T N RET AR BRI L FEE R B R R
INMEFEFEDLRERIA . BEARE IR 5 e Rk —
T kb, /D A AR AR T e
DR v O NS L

INER =T KRR AL s ge i . H 5
WA . BRI TE SR A RS, TR
R G sk OB RDE AR, 7R M iR A
o, NEERT R BCBE D 1Y BRI . T R B A ) B
CHYRD £ S FEHES IR0 W ) B 7 1Y),
TSR 1 A0 0 2 L my R L B e S AR .
RN G DD T AT, e o L
AEVRINERT . IF B LT A B N 35 &
L | Y T TR R E R R S = Wi VR S 1 AP A L2
3N Ak RO iR s B SN0 A s

WP TERZECEA FlefE £0)
BIRET Y SRR T A, 5
FEECT RN BRI, ERES . #E
BRI ORI AR A AR T ik, B S
YA £ s B S N ol O €2 3 N e = =
R 2y 90 m YEFIPY , FLRERRS™ 2 HUR BRI )35 52
=iy, HEEgiE Y e, xR, Xt
[ RN E I A W R TR

STEEHA, B, SR MIESET Yt
DR IE AR ™= . SRS N A
JTRR Al
7.3 EIME

I e KRR & @ 0 P 2B A J = i
AR SR TR MR R, R
{RME R M FE I A SO USRS B R
il . TR R DKAE AR D 1 1 B T2
Ve . VIS 7 B0 1 i ) A= b A FH RN V5 01 W AR
. D5 bk R ER IR T T,

SRR, MERBRNT . BERETH ., WEES
W, LA R AT RN A A S R 25 2R I AE N
SRR /=Yl € 7N e | o R 7/ L RN IR % N 1B
Y= TR S A E DL RS T N
W, IR Y S TR
7.4 FAMEK

AU YT, TN R 1
Bk IR T AT KRB A AR, T
WORIINEED SR I B e 3k 1 m AORDRLA™ Jik ot B

PIET X2
7.5 ESHE

FER BAE G Sk s ==, JRidi
AR E TEAF RSB A R AL i
7.6 £ 6ME

R 2 B R R i S AR IR
R KA AP I TR 2 A 1 B R B B N, R BB
I HATRESAR TR LR,

S ARAZ A AR AR AT X 0 1 R o3 A
s, (HBREERERE AL . FFAAEI AR AR T
5 R A AT i 25 A AR

W4 AR P ) — BB, 3X 3 N HTTE AR
B ERAERERT ., J35b, REFET L1ty
— AR LA T

8 HbJFth

B X A ARSI B rp R 2 I E] , NE
1] F) Sy BE AN I T 255 3 i M P A BTl 705
ok (8 2), HrEEANSIAYIE Bt A S HEE kR
ABHRAA K ZAR AN — LA BT RSl
WRIUCKILER Foa bR, S KRG Wiz R
R R A ) R BRI AN IR R B A — 2

TER L] (BR EE) . IR T
U e N AR I 1) AR VR 1R AT 1Y) ZR S I 2 TR,
TR AR 2 X — H R A 28 — 20 A1 BT,
TEMF I SRR 0 S iR A i 22 . 2
R, RIS Y, TR K B —
=%, WA AERR 2 KPR, BEE R A
Bl py H B, b PR B SR T AR DTUAR

TEFP— MR 2Eq , BEE PR TR KR 3%
WD) A E KU, — AR I AL Y e
SREUE R FEOU AL T KIS A . Bl —E s
FAOMRIEET SO AR . AN SRR
RAAS, K IEESRIBIN] XL e s 7
RIS . SEOEBUEIZ B KIS i
Bk,

FEDURLUK L 2T ], 3 — Ml X R A A
il . JIRHER L EREA IO BR A DURR TR R R TR
. FURTUBIRR B R IR X RS AR e U
TS,

TEEIR RIS AR U A A S EOR K IS
TIZ PR ZIA TN AT . LA 2 DY HiE
JE RGBT R Z PR TIR , AR, oY
ENE PR M E R R



@ﬁ*ﬂ‘iﬂiﬁﬁﬁFcﬁﬁ
TEAaE =B

BRI e R P Ry pAN

2009 4F

A = R, SRR A R A R
FAE VR P v SR 2 AR R A T, e — K
FERNR A RIER G AN A KR, IFAN S
JERBEARMBAAA X, JeHE Gz X NIF 2
AR A B RS B B INR AR R
FER (1981) il . KR AMRRY K-Ar AR 47
~56 Ma, —EEgJE RIZAMKE A HLEMEFEHT
PR lanfaks , PO . TR A R R AR AR
W, AR P D B R -

W KA A ATEA B KA 1000 7
EIRRAZT ORI BRZT T I HIAChE
RS PR ST A i 4 X 8 oty 357 R0 4R AR
K, A A970) K, IR A MR
KUPERIR L, i, BEARRA FE T HIAZ
FPzZ L R K LA TR X Tz A IR H
ATRE SR KA 4en A BUA EERR . Fniigcs|
AT T i TRZ T R A A A L
ATIAHA AR B TR A M A A

AP T RKEARARAFMEK KA ERA
Z R E—B 1, B A E N R T LB R
RIFAZ AR Ak, X 5% 1A il AR 5
PIFT Y K-Ar ARARIIE KB, B AR S A0
KAAHRE T, MARSHER KA M
i,

FEGRHTHHEREI . B o v B v LA B 2 1t
FRK A2 b, Sk R 3 g T G
kAR, JHE R R IR AR IR,

9 IR

GRS SR Y/ N e B TN e e e b
A R ] B R AR AR PRI T — N BRI
WRZEAL, XHZA IRE B2 1o T3 R AR

B EGe, SLB R, kL SR
fatlar D0 Mo, S BMEL TR A
PRIRAE TR B 5S40 . Jea Ry de s Az 4l &
G ATRES — N IEFE R B RS R4

(AP 3 — KRR ARSI R S R R AR
FRAE i RS T A P s ) JEC IR E R A
RATE SR . Wtk WATRLEE KA & A
24, M A7 AE R RS AN BRSE M e
EaeR (TREE SRR MPRBELIEA, B
PR AR 1 AR A LA R . st
GFA K LR K L REE A T, IR YR I A
s Ry 22/ B HUIR AR ALY . FE R 2R
HulRwmi AWy 2 FLBR s ) & & T Aok 2 Bk K
W T A L R L L RS S TSR
R ERA ) JOUREIE A, TR IR A
b AL AR R E S Bk ITEfE, &
LR T E R AT 20 5K KA des
FEAMERAE b8 LR K L RREE I

R ZIFLER 7 T I 28 BB B PR 1) K Ll
B A B U KK T REXT IR AL & S5 TEH,
XA AR GORL BT AT R, BT A 322
WA RS R AE L — () B A T i n . 15
FIRETE RN . PR ARG LB BN T AR
Kaatk b, mEmHIKsh, &aih Py 1
AR B AR AR AU, > —ER 0 B i
TRRE IR, SRR o Bl AR TR o33
JEAEREW , REKERB ARG T EZEH .
FEHER A979) Ky, G AR TP e K
MR T 300~491 “CZ[H],

YRR AR B I RN (K-Ar 4R %
250 58 Ma) HAEEZKA (K-Ar 4E#h 56 ~61
Ma) AERSAERL, XFPOCREZM , BI15RIEE
A/ E A ASE HZE LI B AR R . R K
BHAATIE A 48 Ma, AICEH A AR LA
BRAFIE A 50 Ma, iX— iKW, X A S0 1
Mo FER AL R Fi . BPAMHT O Rl SRRk — 2
W, EEMR KA A A I A A B h AT
TR ERYCRER . EA R KA RAKRNAE
B TS A RS A B A i AR K

Hh (BEIMRA B E R
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TEAE RBE

E 4h 5 K-k Kol 2 £ 645 R 35

WHHET X BERFEERR-F-/T K

T HRHTFEE IR (San Cristobal ) 12 YL R 4R
BEETT IR AR A AR IR R L 37 3% ) 4 I 7Y
R BT R A it R %32 )8 (Uyuni) BV R 90
km, IZHIRPEAEE 2 0 2B 2 a8 X,

S T IR X AR B4 1k . 5 e
B FOB 22 L A A B A A 56, AR IR A
SRR [R]— AR 4 TR B B 5 K LR B A
KINHEEARNEES TR A 22 b, BEAPR
HE A, L) IKE (2000) 78 KIS &
AR T ISR MR . RN E SEAR
AZIHIAHIREE A C,

MERSMAREN (1969) AN, X BITFEE/R
X AR e 3 FIE . BEA TR e ik (i
WHE/RZ W 1), PR MRS (BB e 5 e

L) FNBEA S5 HARLR Y KLU B 2 AR etk
£ AT AT, K 1), RORIR AN kS R

HEA AR . JCHSRAEER 23010

%Jﬁﬁfu_[ )
sl
=, =

I Je 5

R %ﬁﬁﬁf
(BRED

B1 HAIETAEDNEZREREERRERE GIED.
H. Richter &, 1992)
&1 v e AR TR AR AR T R AR G T At AR T 1 Y 7
1—kilrami O a5 2—KlmeE CGpFUZ); 3—BEA
4—AgZn-Pb WRRL ; 5—BWT 1L

AU 57 2 5 BTG LR TR AT JLAR ™ 1k
A, P LmRiBEny i AL et A IR B

TS IRRETE fRR . BE R A A BKIR e FA
S A A B AL TR . AIREE (20000 Ak, A
RAEREA R AR IALE AT ), FE Ry
115 3P AR AR O L R B AL (VMS) BT B
AR,

R B, JE 10~250 m, £ 1 900 m,
WALPER T IZ K KA TR =R As . B8, A
B, INERRT T e R AR . R AR
A, RS-, R R IR R
MERBMET =, T EEEkarY, £E
AL UL TR AL RS . FRAE AU A 3
1300 Ji t,

36 v LG L R A DA A UE ST A 1 i RS i o
2,442, FHGEAL . Ag 62.0X10 ", Zn 1.67% ,
Pb 0.58% ; MAh ., MAHEEERE 4 650 7 t, Ty
fifE: Ag 91.3X10 °, Zn 1.04% , Pb 0.58% ,

BRI E A 19 125 ¢, #7449 J1t
FI4 166 1 t,

2 MEHEH

o BT R X AR 2 2 AN PUBEAF A 7R
1625 4FR 5 &R . EERME AL (B 1) 1L
THXK. WA CO: FLIfEAEiE &k, (HE,
ZDXCHA LA AR REFE 17 1 18 T2 il 5 R A 7Y
PEA ATkt . Wikl B3 19 F 20 thed, FER
Z T LR R R L, A iy aT ik L 1870
AEF) 1921 A 225 BRI R A R R, 8T
A% Ag 0.260 ~ 0.5/, 3R F ik 0 1 A7
18961901 4EFN 19271936 4F X HEH JFFat . 4
AR AR A1 & Ag 0. 2520 ~1.5% , 20 {4
60 AFAXHT . R TAE AR F, X2 i T AT
(Lipez) WA vl MAFEHI/RGAED T ARG T
XK 1, A, F.o B3R REER A L it
B PREE (1964) BUNSRmfm A e 2
K¢, AHFSEUEBFR I

& BTG EVUR X AR, Bt R
IRPEW P28 mlEAT . SORBERIGE T —ZAR RIS %
INTL, BREA SO Z) 120 X107, ZREATRE

Wt L RS AR SRk 1) s it (S ko BT 4 i £
PIRR k. FHEVER SRR v 18R RIFRIE . FEK
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TEAaE =B

BRI e R P Ry pAN

2009 4F

ZW ILAE 1989 4F R B /5 T, oy A X
FARMEFF R A KA BES

1966 4, 5% [ b T )8 25 J5) RNk ) 4 0 Hb o))
A5 2H AR i) 28 v TR IR X, AT TAR 4 b o
PEURIEBURE (B4 398 iRk f 2 8 K A 5 AN 5 ]
FARH I BRAR BN B A 25 IhEseUl . R
T FRIEEFIALRE S 25 ] R 58 R AR
B — 25 1 5 T AR AR TAE, 1966 47, #
(RG220 FHRRR g Xt Y3 S5 SR L A Ay YL
AL R, X — MR T H. S, AE& A
BRI, JLEO AT, AHER ) s R
FITE 1981 4%, BT RFA RIAE 1990 4 F1 1993 4F,
MR H. S, FERS A AR E R, X2 v T
IRIX () — S8 - T T AT R TR, AR
DO TAEMIEMEE R . T REE A HoAth TAER PPN 25
B A TIE AL, (R OCA RGNS
FERIAER S — 2 TAE,

1994 4, ZEHTARET LDC 2w T 44 %5 3k 1) 4
ARV G, R —F Y A Rl
BRERAT (MINTEC AR #5858 HR
Wb, A EIFR . 25 U R K AT R v
F1. GEFEEEE IR ) 1% M SRS ) RN R 2% v
G LR XA BT B, FE 1995 AFRR0% 26 o HL
FELURIXHEAT T HPAMEEE, 7028 s LRI RIX Y
K, RAIEEE TR SR 2 1L
J1o R WA HARRI LTI 26 v BUTHE B /R B
e T TSR, A HRETIE— KRR A,
AR R BT ANk, RETLH ARG
YNGR NG N P TR ES ] oY de = S LR VA 70 R ]
H 1981 AFEAN IR FEAT 7 28 I AE SR 55y a5 4 L B
EFTE 2 A D EFLARIESE T3, Pl 2egh L
FIBT & Ag 60X10°~90X 10" FIf Zn 1. 5% 1
)z AT AR, DR ILREET T4 B
FE L 7E L5 km X1 kem A8 HU AR5 55 18 R4 R
YIS TE Y HERAE T K2 200 AMFER (B 1),
BRI Ag 120X10 ° A4y A TREACR A
PRORN B B SR S8 AR . % Ag ik 30010
MIAEA 5 m 2R, B B - Ay i & 7 4R
WAL, AJER—E AR KRR E R IETE
fir.

LRI/ w R R ) Ty RSE T 26 5 L
WG EL R X, WS 0 ol 3 AR 1) 2 w45
Ih. WIEAET 18 A A M., 1996 4Ell], 55—
AT B AR FLFAE o S AR B DI 1 vk
25200 m &b (B 1), FEXLfEEAE TR T 180 m

(N 20 m BIZAL) JE “SRH” 0 A, fFkY
YRSLATHG . TR 100 m; 3 1996 M AEAT T
295 MEHFL . SMEERCH 69 300 m, {HXFH 4SBT
WA« BARTERI ST IR AT LR Ab 7 W3 TR
JURINER . (HEETFE4 S 3 =>100 F14 Az 1
PRI Sy b R RN Hb N A5 18 () S AL B B ARG . — i
<250X10 °,

5 R (H 2 580U 3 /5 SAEHE,
BL) M\ 1996 AFREHIFFEEE] 1999 4E R, 4T 1 400
ANEEFL . BMHER 165 700 m, M 1924 AL L 4R
T, 5 AR N2 2] 75 m LIR, JF
FI T RURFLAIRG B AL . DAk Arm fh gt 1997
AEHATINTRATA TR S R IT L 2 A AR A TR S
HAMEREAE R 1. 23 42 v5 2] 1999 AR, —A>
TR AR Y KE 2. 4242 . B 3 AR
BB ARSI o

1999 AFEH 3] 58 B AT AT PEAF Y . UE A I 8 R 17
VAT AR FE 40 000~60 000 t/d # f . 2000 4EJiE,
PEREMEAS TAE . A4EH 25 or LT FE L R AR 21
R TAEC 58,

3 N gk

v R TR IR 35 44 AR5 0 IX Y —
BT, AKX 17 R g 0 DT 8 8 R
b, EEAERE N, 38 AERT AT A MIZT XK EAE
KRG W7, HHAE 20 tHhad 80 AFAA TRk T
ARSI i R /MR T R AN 65 SR I R TR 2 FR
ERERIGUE L H AR , 52 bR I T 7 e B 45
TR B, WA A THE A A B 1 AR FR T
k.

HAJUN R IS BWAREZ . 1) &K
ATREAT (R AR B TE M BT th b R AT i 2)
SINL RN RN S — IR B AN 22 1 —1
A AR T it e B R BT O 5 3)
IR AR EE R IR L5 4) %A
Al — B AR A1 X AR R A0 . e I
FEOTBCE WITFAHE T8 s 5) ZEMRY AR %
FTHRERE , BRI TS,

1966 AFELIK . X 2% vw BT R CVR X AR 0 i
(TEPIR SR 2 k7 N ER T 53 TE h /il R
AR 2 4E R B T AR AR R, e
WG ERT IR R B T 5 ARt a] , e sk 2t
]SS LR is R BT 24F,

Wh (FeR7 g5 HEgH)
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B #R £ B9 28 Navidad %F K BU 4R -85

2002 4F 12 H —5/ Vs IM A 7EFTHERS
BRI W A AR B A v B T Navidad ¢
RIVER-EY IR, 20 RO T A e JL .
H X AR HHZ) 40 km . HPGRIL 35 km M0
HrkrmR e, 2 TR TR, MRS, i
# 106071 460 m, H—A~HERAHIIEELHA
B 1 km, b FEETE SR, SRR
TR AEGE . e X R AT DX I o ] A X J
PEHBIRAC2EIORE 3T, (EI H FRfEE R (10 km X
10 km FLHE) I RFEATREG A, FEREA X
W, EINTER R AL 30 km B A —4-H-4-4-4¢
W, T 19201992 4F [i1] 85 B2 I — R4 1R R
W kA= Sk 100 ZT7 i 47, — s fih 2X
10" ~3X10 "4, Bom se /Mg, 16 ~206 St
BE,

20 42 90 4EARR & 2001 4E, WKF T4 S
H (Normandy ) # Mk 2 W] AE e X858 gt 429 4
BLEG CRFEFALYIEAT TSR H A ) 3wl s 36 Hi
B, S 1 AEE/5 km® L 7 B8 BB AR B A KRN
AR AL . 5% A 36 Al 52 RS ml O
XL A A A 520 S F A . 2002 4R4), i
i, SRR A I BB E Navidad M H T
X BLEG RFEA —H-Fr 5w, JFdE ik,
BE5EEFHEM, X EMTXEAFTEL , ME
T H b,

IMA 7] 76 Bl AR A2 F Al & 3 A 4 0 2 3 10
A, AT N—IT LR -5 BT AE A3 M LR ) 6
HBITEAE . JF HAWA] T — SR A e 5 i) 40
W Fl b, 1995 4E TR, AR T ERERE
TP X e . SRR I X AT T 3 AR B,
A A I g TR AN DR 1 AL ks
MRS w1 3R s & il 28 /) 7RI X Btk A 7
A DCIAEAR TR, 3 — 28 H AR XA T 20 B A1
P, Navidad #4507 K2 2002 4E 12 H 4]
IMA A FESEAT IR B A A i A LAY, iR
DASME R W S A AR I A AT A b BT
51 D. Bussandri 7EIZ0 M2 — K% Navidad 1115 #2
e, DB B —HEE T, KA LB W] g
R AR T G 14 e et S 2 A B IR B A 1S
JAE K HEES R A LA 2 R Y L Ak
i MBTEARHLR | — Sttt , LR S Ear

($/ ) &K

XY D BT IR FE R R BT, X S
JoT RN LU B A S M R AR I B R R
I, AL ATTAR , (HAERE S XA A
ArREm .,

FER IS , IMA 7RI 7E % b fiL i 100 km”
DMESEFT BB A T/ CREER. B, X —
Navidad Wi HHLX , FZALE 6 km K1Y NW 1]
S8l 2 A T . X 2Ll o <A,
Navidad [, “FFE0° 107, “E&SALY, EABR)E
£ 2003 4 3 K, AR H i TAE Y 35
N« H, RT 25T 5AM, 378 A~ ek
FERN 55 ANorBai it . BRR T A XA 5 T AR AN
BRI, SEAT T A R B RLR MY, HE 2003 4F
5 AWIRIE , CRIAM @A i, J2— RS
BEMT- AT P R T B A (A& — i
RO RS . R 0275 m,
251 m, BN HEOXYERE N 160 m X110 m,
WA A RS . A A ) BT 400
m, XEEHIEAF Y 43 MR 5 AR6 537 X
10°°, &4 3.5% . #% 16.6% . 1F Navidad LLIHB[X
Ah, WHEA T RB T XM ey, [FfEE
BRRA Tz AR sk, DT
WAL A6 . PETE— 3.8 km X 250 m (A0 X [
NGl R A0S S ¢ B Y ik A v E
i 41 NREPLR R R S AR A T g R, SEE SR
158 X100, 4% 8.98% , FERKFLT K LA BN %%
R ILATREIEE =R M, & s fL AN
ALY fAeRE P 11 ADFES SR, RS
(205X10 °~6 012X10 *), 4k 0.1% ~14. 9% ,
B Ry 0.2% ~25.3% ,

Navidad ZIAIH 4L , P27 RS G255 i it fY
AT ILALRRE R T, ZoE R BT
ANBREE R FARE 48 Canadon Asfalto 4, %41
SRR & w7 A E s, A AR
BRSNS AT . AR TR LR,
AR SRR A AR R A KA R HZ,
AN AR A BEIRLHR A R H IR
NG HRRIE , BOA A &R 20 Kb 1H . HIME
WARRA TR, SHMEEZ0A W E 28
REAESFUAZ . I ABSNEIE)Z . BRE
BRLOHL B BERIRR G R . DN EEIK IR
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W tmam IR

FHAWR A REZ N 2009 4F

IR GRS IRAN IE R &R . K
T T A B A AT BE AR R AN L i
TERLT )32 W A [ 45 O kA i B Ak 5818 m™
b, WILEREE ., ER, DRy Sy,
F LA S AR AR T, IRERAR T, TR,
R A/ R AR ) A e R A A . AR
SRSH, ZARE L LT 4 E R T BT AR
FEIE W SACEET , IR, EARA
PR, AR RIS & ot 4 s i 2k
PO T X L R FCR AL IR . S mE AR
HiEME LA Eskay Creek #7RESITAL,

IMA ARIFEAR S T4 A 5 L e Bk {2 1
FEL W ROIE FIHTOEE, D e AR X, R
TEJR—T R TR, ARG R AR A AN R )
M, BE—UEM SN K 5 km MG #1477 9)48
I BR LA BORE , R HE 200 m, fHE 50 m,
EETERA 4 km KEH S RZHKT
500X10°") #r, H5 B MAACEER-H A OC
Horp o s b X A R TP AR s 531107, 4
2. 39% FI4 574X 10", 7F Navidad L PA&h, 133
KRR EA — 1 200 m X500 m FH Hi>2X
10°°), HE#5R% GH>50X10") MR,

it 2003 AFJEARGE . ARIEIZT HLE 2R 6 km
U Bl 48 SR A I ) M BR A 2 L B TR
BB, AUFE Navidad LLHE X A — 2658 !
EE ., HEoRE 959 NEE, P 100 m X 50 m, K4
HiX A 50 m X 50 m, 15— 3% Navidad (L Fl
“CHEH 1 HBIX A 1 700 m X300 m SRSEHH (4R
>2X10 ", Hl—E>100X10 *), fF “EiHA L7
Al BT 540 2 AN S BRf
2SR, MBS T R348 S N E iy
AR i AR A A X, 7R O,
FE 475 m>X90 m HIIX PR T 101 D REEE, P8
T 147X10 0, HY7.69% , FEAEARES, fE “H
Al A BT O B S B BR A . IR 67
AFEERE , SEEHR 109X10 7, B 4. 73% . 1R
PRI DX ) — T 35 2 i A D0 6 48 s ) — R 1 T S
W, HBTETERE 1.6 km < 1.3 km, 5 77 R I &
1F Navidad AT “HEw 107 B T240%% , H
5 R WAL SR ) — 3 RGO R,
2003 AFEZEUETTHYT , A FEIFEIZT M E SR 11 A0
Bifl, 1724 m, 8K T Navidad IWFD “J7 854"
W7 FE— RIS E ), PHLAHEE 1.2 km,
b A FL 2 Hss 2 FL) BT, A S
Pkt , AR, Navidad 1154k FEAET—

KA MK ATR S AT X, MEEAE R E 6k
W ORI MERALT S R AL FE L R
MG, EERTHY, W, JREa B,
“OreeTIl” g 1 LT R A ER A AR, A
175 m FLEBOE S8 26.2X10°°, 45 1.35% , 44
5 35 m 4R 49. 910 °, #13.49% , H—FLLEFI
78.3 m AR 111X10°°, 2.54% &% (Hrfr 16.1 m 48
223X10°°, 3.35%0 &), RS MR, BB
2004 4 2 H W 4fitiE , Navidad T H 2003 J5 ] &
2004 A 8 500 m FhERTTRIC T AL (G
i 27 L), E COTEETILT BRI R Z P BCIRAR
AR, PR TR R T R D T R 2 A ik
BRATRK LA T, S8 250 m, FEVRZE 175
m, R, A/ORMMEE, ZHMT kS Nav-
idad LIPTREAHIE , IEAEENPAILIE] 1.1 km KW FEH
S

P 2004 4% 5 AHGE , “OrETIL” 5 —FLITE
264 m FH AL MABRA . AR 741 X107, 4
2.04% , HodAy 81.6 m £ 141<X10°°, 3.11% %%,
WA —FLUWL 83 m 4R 229X 10 °, 4.24% 4%, £/
WA AZ L4 400 m X 300 m, J& 30~120 m
CFH 65 m), B fbim AR, “HHEw 1L LT
#iid 3000 J7 v, HAFHELAIZ) 150X10 °, #E “HE
A L7 CUIEE 0 B I IO A R R 1 AR
700 m X300 m, WIARFESIIERS “HHyIL”
L, CIFRITHE “Oresm il B IR, AR
T H S —) 37 FLANIREE R . A HEE YR 6 360
Tt S 101X10°°, £ 1.76% , BIA4 6 424
te Y1129 v Sy A HEI BT 1 690 J7 v, &R 67
X107, H50.3% , BIAM 11321, 85 01, &
AR 7 556 v, #Y 117 5 t, WG IR AR
“TrEw I, B ACEAR A, JEECK E 115 m,
SARTEFRZ) 500 m X400 m, BRALYIT Y EE K7
i, A/, INERDT, BT, BATHE
TIRTCEENT K,

P 2004 4F 12 AR , %500 H 1) Navidad 118
PR EGET R “O5 AL X 3 AR . LISR
50X10 AL . ATTAERE YRR 8 080 Ji t,
EAR 103 X 10 %, HY 1.45% , M F 0.05% 4 il
0.21% %5 HEMIWEPE 1 566 7 t. &4 78 X107,

B 0.45% , 4 0.04% , B 0.11% ,  “IFEswIL”
AR AT & BB (2 80% ), “OrfiAiil”

W IR TERHR . 20 R b 2P~ FE L 221 LA
RS T O AKAFERA Y, EREAR
BRERERE . AR DT R e A
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A SR Z,

P 2005 4% 6 AHGE . “Hfal” o RS B
Pk 1200 7 t, SEE83X10 ", £50.75% , B
HEMPGEUR . X2 35 S RIA R FL7E— 550 m &,
150~250 m g3l NS ERINEE 3, R KR AE 50
~180 m AL, Navidad 5 H 19 S E R IR O 1 &
9280 J7 t. FHR 101X10°°, Hy1.36% . 148
9397 t, BT 127 J3 v, JyAHEINBEIR 1 520 7 v, %
HL78X10 ", 4Y0.45% , 114 1 186 ¢, 4% 6.8
Ft, MEEIL SR 10 560 v, 4% 134 77 . M AETE
“HESH LY, HELEHT. Navidad WA “r #4107

AR, W Navidad 47504, B HE 2.3
km, BCOLECFIRAE 174 AHEL (27 982 m)
PSR, IMA 28 RIEILI H EL4T 194 A4
HER 32 200 m, HRTZEVCHE 14 MOBERITEARSL
% 2005 4F 10 ARG, 78 “Jrffil” Ik &
Navidad LNPGRIMUG LAY, 765 Navidad #f
FATHY Argenta W BTESE T HEF A . CFT RIS i
(s, ATHL . ELIERER, 00T U0 T
K.

BWa ClEamBT FHELSS L)

NE X B REFIRY K

ALY S VA D IE SN IE ST WAk DNyl
IRIIRIE R N, XA K s (A K
Wegm) . TIRE QiR ZRTTRR S AR A S
GERAZE) s TR XN R T = ), FEIRS
A#d ool AR BE (Huronian Supergroup )
DBV e (R b 2= N R RIS R R e H ke
e IR AL A g0 TR A & S BO IR R 2 B, TT
WHJE B2 (Nipissing ) #FZR% 75 DL R FLGE A
Wi, A AR R K SR AR
PEERNEEE T, X R R 2T 2 4 .
NNW E il BHE IR AR S A IE 5 T-K)
FINNE GEm , HHMNEAAFETT R RZ, X
LR R A S R ) 3 S A AT FE R
T S A W R P B 1 R . ool
HZTIBIE RS B S A R A, LR e
M DXAR A R4 T ) —Ff ] BEALA

RHE R 3 DO — LA HLU A R T AT
DX, FRBHE R B Sl (B 1), BREYAR BT PR
SCHURE AL ER AL R I Z0™ 1 . ARG PRI TTFT
ZAETF R SEEAER , R b2 2550 0 PR
P B BKA A A A R T TR R 2 BT
Bla . Kt Kl ea Mool i e B sk . 5k
RE 7T AR Rt fRT . BH KR
XA 3 FpIEAE A A AT . BURZBL, R
MBI R BB, BHURESBHIEIR , IR A T E
PTG KA SRR & Bl (R R 2 Boa
A, JaAlhiTt, BRSO R S 5 840 7 TR
IREBCAATT s SRR B RS R 7 K LA
RIS A vty S UIAH G A B m ™= T4
WS WAl Tk ea T, BHE KR
AR BT B TR A A, JeEE LB

1 g X RHE R ST B 3 5 18]
LT B B HEARE  2 L AR TR 5 3 Kt
HRVUBE 5 A K B R B R s 5t il H Tk ek
WEIX AR 56— SR IX B 240

AT R 55 Rk i K L RIS 1B R oty O &
WYL, AT AR R R K R X
W5 o PEITFRSZRRRW] , X BT IR 2 Toll Az Y
AR, AEHED A anfy, =5 e gr
MR A VIS WE R . AR TES AN,
SEPEERELR A R Rl 200 m JERN,
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ST ek R

FHAWR A REZ N 2009 4F

VERET R AT A A BN ASGE I E N
AN B AR AR A IR, KX KB AR A Vi
P 750~1 000 FR (1 HR=0.304 8 m) HFE L,
X — R S A i R FRVR 2 B AL A i
— M ELAE 7007~1 000 B R m A AT, )8
B TR A AR ROk 1007950 g KR R

mEXBEs

CUEHPRAR T 1905 4F &30, i TAI2F 25
TR, RESMEE KBS T 2 & mY IR
—, ZHTE R 1T AR, 7E 19281979 Y 50
AEME], 12 DNRTPIRRAES 1 740 1 e WA, R
254 5 o B, 132 7 v #y, 23 J5 4, 2 000 t
B, 23 v 4, FEL . BE 14.26%0 , HY 7.6
Bl 1.34% , 4R 114.8X10 %, 4 1.34X 10 *, #"
AR A 2500 ~ 300 R E A,

EUS T X ik 11 km @95 Py A AR
DIRUK IS R . KN RIER A RAMR, &
WIZZ R ICECF g  rp ARt HhgR) s e
UK (R 55 m, P 7 m), FEEE LD,

WIRFP=FIRIRIRYE R A R KT
B,

E R IRDAEK 8 km, F& 2.5 km AYIT
EW [aHiai i, 87 RE &M 17 ik, Hi B
2R bR . KRS M BRAR IR, % IR TR
T HLE A AR, 25K T LR
PriviE ., 20 thed 60 AFEARLARTHE G AE Pk 22 A
JITBR , — BB TR . HURBN R Bk
MZ & /TIRIG . M4k T HeRe e ik ; 1

mEX®+ER

O PR TRk BRI L A DO, i
WEZNEERS , A0 CEBAE, BRI
R AL S AT DXL A KB PRI 2K 2 2
U RIS G i SChDE RS |, BHRJE
Wt KRB E AL AE R B, Ag-Pb-Zn B k2
A AR IR Y, 7RI RIR BN . 5
AT SRR BT 25 A e R HEWT 2 S i L Huply i
CHEBRBIBI A ), BRI R T FL/RG AL
Rz b

W RAE BN L 55 26 b e TR e IR e B A5G
T A —BORE R MR TUIRA 5, FEAE
JEA—HORIREE A EBRIRER . BRI

CHEAPRER I 5ok [ 4507950 SR e ), 3% —
TR JE B SRy T $ Mty ) v R AR —
2 AL, X AR FE RS T R R )
DR IR EBEAZ FaR 3 by 2l LAt

A (BT IR I Fo 7T BT

H R 7 PR

DUBLK LU B BB AR il vids S 4k, &
WS TG . B FAT IR, 7Kk
G3oR 3 FPEHY L IR R AR H ) R R AT
& dn <RI TR AL FHeRER A b
RZF 5 WEIRHER AN, i T IR etk
ALY AR GBS BR, RO 1SS
M) 5 FE L 2 BRI RS2 60 m N
AR TR A, o 22 v S AR Sy ok
BIFHHARGE 6.7 km, BAK 870 m, J& 20 m,
5 =M A AR A R R T . T 21 4R 27
A543 BRI

TECHI 17 kb, e K 5 A4, 574
R AR 480 L PR, BE17.500 . Y
8.55%% , Ml 1.66% , 4R 109.2>X10 ", 4 1.65 X
107, WAMSE A 2500 , A 14% . 8 Tk
BYRA 114, fEEA & 520, FH&EA . B
12.20% , #% 7.12% , #1 1.04% , 4R 126.9 X
107, 4 1.06 X 10 °, & #E A 30% , HEH
7.5%0 . 5 1983 AEHRGE Nk BT A v sk WA
A, W BRIR A A T8 T 57 R A M £

A (B ASMERT R EH)

MigEBHY K

MBERCES . H—BERRETIIA#E 2 T 25
FEAIIAE VR, Bk RS A AR
PR UUBAZS W S OURR PR B 7 PR~
BERA B ) —ER57 . TEFRIRAHIN » BRESH AR
Ag-Pb-Zn WIRVISL , 45 — R FNWTS LR Phb-
Zn WRAFEEY (Tom), WAA (Jason), FEAEZZIL
[T (Howards Pass) %, 7EF}KJEIE (Kokanee
Range) HuIX . JUSe#sh R Rl S iR Eh A s
PR /NS TR Ph-Zn 7R, WPEPE (Jersey ).,
BRI (Reeves), ZFi/HYY (MacDanad) 5%,
A B Ag-Pb-Zn W BKFEA AE R AR A
. FERETAA GNERFREIBT IR F), B



B, 7 3t T I

4
L

B

o OTEAE A

E 4h 5 K-k Kol 2 £ 645 R 41

TEAE RIS WA AE R RAR) 5 AL
W56 ARRR I G eSS A /R PR B, R AE
(S EAIWEY CIN eSS

SIEWATTR N, — s Rk
0L BRI R O 2 RO BRI ER B M 2 5 AR PR A
SRS ARG WO YRR, 4
P, HEABITRA,

Rl s A TR . Aatib, rEfAE
s,

PN K24 H G. Beaudoin % (1992) 5%,
XN RAEAL SRR SR L S E SN, A 5RE
= (Coeurd’ Alene) HJK (E2774R 30 000 t DA I),
MR 4 T3 P8 & Ly B9 £ G K 1 (Harz Moun-
tain) AR L= HEIK T 5 000 1), 9 A%
(Freiberg) #IK GR™8AT 7000 t), HEwmr)E
HARRIEE (Pribram) &K R ERT 3 500 0,

WO (ETRARS TR A Ao T AL )

MEXEEERR-ZEEBU K

LA v LS PRAE T IS R ] LE i He 2
W, R B RO, &, B TR
— ORI A2 JZ AR T SN 1], BEMUT
EAEF R — B RIEFREER T s R, B R —
flett B Y ZARB A . W IR ST B IR U o

HRER P DS B M A AR R, £
BN A A TSI LB e SO E A A S
L W SRR E IR R SRR T
HIREIK 40 m, FERUCK UL Y E] R

HH (RS TR A Fo TR )

EELE LR K

FEJCRRERA IR, T3 KM, B A S 910t
R 40 000 t (FhfZ 60X 10 °~100X10 °), 4
1600 t, %160 J7 t, 4% 78 Ji t; £ 400 Ji t,

IR T 250 =20 R JE N, 1%
wAE AT KA I S A e e
WKZEDD . MR B AL S —mEUE . M EAA
PR AN, Bam AR (B 1),

PRISCEI , AR KA, e A e
PR 2 W2 1%, ERr W oEEEH . £
TEARRIESY . o3 TR i BB A B .
SHRUTE

1) BIANRER T2 L BT EW, S 5T, {5/
70°, WALRREE S

2) MW R, B NW, G5k,

3) WrEURTEWT AR , AEm NE, Bk,

4) R Crh bR R FREERIZ R Tk,

WRKFER 5~10 m, HJEA 30 m, 10
XARBW IkE “HREL” R, MlET B, TR
60 m, P& 25 m, FEPR 600 m,

PEFEIRWTFITEER (1984) IRk, #fL IR0
RO AT K P9 35 B0 1) Sk A A A v
W, WA K A N BT, BRI AT, AT, B
W, SR DL RO A FIEZR R4 5 AT K
TR, SR, DURESMOEA . ZEmT . T
W, NEE, DR, BT, AT,

.

////////

I de s o+
B 1 HH R a4
L SBIMRVURY 5 2B 3 TBUA s 4 i, |
ISR

HE MBI A RAIE . FIR Al o B 3 s gk
W R A3,
Wi A R, FENR AL, HAb
RED/5g e o8
Jo 1o DLAPRE B IR RAA TR L s AR
YNNG TCiRtR
e (B ARy REAM)
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EEAEARLRY K

PO A ARSI TR R 2 M Pa R . A
B kAR SRR R, 1848 4R, &
AFEARL S 315 1, 4 240 t,

PO 2 X e (R 2 N AT FE R R, — i
NPT LA (LK),

FEMR LRSS =20 0, Hboe B SRR
ARG SIRACRINE S CAtR, e, Ahi A
TR RA L B2 WAL RI O BEE = RS
WA TUATUR, SETEARAL N IR SO IR
FARR A FEE I 7 5 S0 220 DLV SO0 22 Jo e I 1 Ak
FRE ., GH SRR TUREEICS 5 TN R IR
KIEBEZ A BRECE . ks, BEKE; B
R K AR A A ERECE . RA
B WMBUCE AR, A e BRI AUR
I Z AT —Ee s s (B 1),

I IC SR T 4 BRI, AR RS
ARATEFVETT, AR, o A A R AN
HH L, JERCRR, R RE, BURPREE R AR
B RO AR R RN A A KR
A WSS ST Z A B AL WG . B 24 km
X A48 km W ZWIAZEM , DL AR 16 km BYBIR
SRR ST Ll TR, 3ol T G 268 IR
AT

WX FZ ARk . B R AR
TR ATk, Bk 2 745 m, 58 15
m, FHTE0.9~1.8 m, L PKBEM— KT
70°, A 457507, BN RR EHE IR
W2 A B e

WA WA RT WA ST, INB . T
W, EERER ARG, S R A, B
B ERAPEAT, BER T FRLARS T, IS8 B
W, BRAMRA . FMRRAMLET . BT HEARMETE . AR
& A%, RSk Eatet). kav s a
v, EivA . TG, AsA. WA, E5
W, HERMONE A, RREEE A, A —3R (I RERR

/7 /)

32.18km

B1 AEARLSRY KRR E
I—RAS; 2— Kl 3 VRS 4 iR A A 5 W2
(L FRR R E)

WA, KA, HatEiE,

AERTBL: 1) EEET (DD, Sxléfr, U
HRAYE s 2) LsonE, IkaARSmmIy ;
3) HHOHA A Si0: AR HAB AR R R A K
M DRIBACRR SRR AR 5 4) e, HEA
T, R FHE KA S A5 5) FA
REWATE, JRTEATRAY . kKA. Triff,
HAT,

B RIS BH BT A, B PRI s
WY ERE . A9, Btk KLY, I
£1, SR,

AR g i e Ll T AR ALA IR

e (B ASERT REAM)



=
b
-

hon

W3, O ST
B max R

B S5 Kb-koKoh B A X B4R F R 43

K B IR 7 43R -5 -3E IR

1 MRS

PRI IR T AR - e R TR R
22 N SERE R BRI P AR 2 140 km (A2 140°55",
M4 21°52"), R 22 M PG L3R o0 i A7 2 4L Y
PRSI N 2 AR A 1 e AR . b
DL T, 2% N B2 R R KR R L
BEL AR Z—, AR R R

B (R BRI, AR, SRl i E g A
FORPER AL R B “Hhae” w7 PR, BN E0E

— R, SHLE EGEEE ) S
B, WA AL A . PR U (B
KA RMA R BRI A T s — A
Sl AR A TURRBE Y, B A BB DT 1506 R
HZAR  fEaE, MERAEA M Rk 334 22
B AN ERISRHIR, BT EUR
LN A A B AR IR

P RR 107~60 m 19 (1 32 R AR TR
JIBL G A AT AR ORI 5 AN A T -
MEA-FINA R E R A e, X —4A 4 30"
AAEIX I )z A A SR A R RN, 0

TR LEAEE 0 100 km

O //
Y “%‘
/ /
/,
XD ~'

9 5

AL A% R B
/////7////// “ A . N
?E”/J @/ / \ \s \O BR P9 i = A

T *ytrs \\\\\ \
ﬁ%ﬁi“Q\v .
\ \\\
//
%?/M/ \\\E\t T 4 1L
y ///
//// n: \\
Y KRTW|
gﬁfﬁd ﬁ
] ETHFEFESE KM EHER [ ] Pb-Zn-Ag
Cu, Cu-Au, Au
m ﬁ%ﬂ%f? D]] EP%E%

— EEWiE

Bl TR SV RHIEER TSI ENREE M
BEEWFK (5lH S.B.Bodon, 1998)

WS A DRI . SRR R e i
R, O A RBFI Yoy B AR . AWK, &
VSN S R IN DI R R G RPN D) 1SN S
B, AR 2%, SRR SR R A DN RS ot
VR B0 W R0 PR IS Sy BHLRE R P it (5 5 11
AR R TR FR AT A b LA i A R A (2D, B

200m

B2 TR REFERER (51 H S. Walters Al
A. Bailty . 1998)

A EBZLETM AT R PRG54 5
WACT 5 - TN BRI IR ER 0 fk . S 7 By 28
A EBR YR INER T 8wk . A ERiE Y I
%ﬁf—@i&?%ﬂfﬂt DL B3 5ty IR 0 AR TN -
WA -RER - A e 5 R R0, 0 IR
fitiie . dbAF 1400 J7 v, VAR 8. 9% . #F 3.7
B 310X 10 °; BHF 3 300 0 v, AYEhAE 11.4%
BE5.0% , 4R 540X10°°, WR A TS 500.8
t, PE216.8 J7 t, 4R 22160 t, J&—PFEILAEK
RUR-H-FE0 IR

2 M5k
TR R 3% N 2R AT A SR Rl

.E ZAFR X E N TR R A B B T
o AP AL AT AR T BUR SRR AR A3 5T
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TEAaE =B

BRI e R P Ry pAN

2009 4F

W9, WRICRINEIB R A 7 B S RHZ X 1 248 i T
20 thag 50 4RI, F) 1958 4, BANFEZE
X5 J7 km®) B FHBIRH =R R AR 22
BT R A G IR EIBA IR 1 1+ 25 JTHbR Rl B
ARRERE 2 BYBe 1 s 10 J7 F RO A, 75X
2 RN G IEE BAES T . IR T 1969 4F, #] 1980
AERER T SERL, 1983 4F 2 1989 4R T 145 3 B
B, FEORAE 10 RAE S GERLL 1 25
Tl ER LB, /NER S 12 5 T3 b BT BT AN
1+ 2. 57 il RAN S RIFI 7= B8 5 Jmy DA 20 1
20 507~ 60 AEARLIRHEAT T 2R BE A 45 10 A )
(A3 km F1 1.5 km HF, 4 1 km 1 0.5 km
B, BB R A 20 tEal 50 AR LR AR i X ik
177 B

1992 4%, B 22 M b J5y JF iR 17— Sy )
JEC A A TR DB I, SRRb SRR RGN
TAE, VIBDEME& iR, 7% )R J5ssah
“URRFIT Hh 5T A LR ) 1992 4E X B A PR3
BN FEZ - VEF AT T 5007 . sl sk
28 . XEIREAE R Rl TR LRI
I ENR B A BdRR 45 Gl k o JF BRI A
BRI 5T

ARG ORI T T N 2 7E 55 20U
TR LB 10 J7 km® , DA {328 5% X 1
RRHY KT,

WT WA RETEIZ N 2R A AR E &l &k
22 10 4ERh A R B . J& BHP A BRA AT 1990 4F
XF— A MRARA G 7 A TR R R A P R . 01k
JCHT R A A MR IERGFLAT R 20 m WL, H S A7
4 Pb12.1% , Zn 0. 626 F1 Ag 870X10 ", i
R A5 3 H t, ZWIRC AT TR B n AT PR
5%, 1998 AEFEHH T 4E 7 Be 73k 1.5 7 v, Tt Al
AEFRAR 2 400 THEE] (746.4 U, B HER i

RAGERA 4,

M1993 AR, AR IITFE S P T Ja 47
L e A S TR e e ER N S R O BT TR EN ]
A DX AN A R BB IR ST, 2K
T RAEG )7 . W A AHER 7 R S
Aii B A KA BRAAR I, (FHC PR F i 17
AP, ATE B AR K R AR T R A 2
8 T ) A PR B ZPR B - R, AR X R
TR RGBT S IR R A 5 25T Ry
A R G K A 5 R S A R S T B B A2 2 A
M X5 e — R AR HIFIZZ BT Ag-Pb-Zn
W AVE RIS AL, R T — S RS
PRI SR R A, i JCE IR

3 N gE

TR ST AR R I A Y iR 2 10 4R
W s B A 16 S A A5 SR, JE MBS A
A X Il st S S R R S OB B A A BN . T
TR FEEYIR L S SO MR SRR
PRI A BUSCER T 5Tk, A A RRTE LR 7 ik
B i i DCOR BRRY , AT B TR FR S pAF
B R E R ORI,

X SC IR A A A SR TR
AR A R, R T  l R 1
I, hnas T RIS O FEAL B A AR,
Ab, NIRRT BB A BOR L S AR T 1k i)
&, Wl RGP, RO R R
R RN FE S AR 2/3 RUMLIX, BT
FRERD RAESAR I, (E A s R AR A T IR N T
LRSI ACA D) R e Sl T T AR
JrmEE R, SIZIXA AV RA R B

WHa (2 ERY g5 HEFH)

EMFEANREERT K

PE LA R B AR IR T AL = BN R a2
FF2R 200 Z2AF 7 s B K HUAR -2 07 IR

FE 1967 AELARTRY 74 4FE[R], AR, 4 dh i A FE
%, BREE 600X 10, 4 12X10°°, Bl 2244
WHKE =W 41 100 Z 7 t, WAz 785X10 ", 4
A 15 X107, JIGAE S8 R E R4 200 7 t,
B 632107, 4l 12X10 °,

W RN F 0 2 PN IR AT 7 B AR B 77 119 ) 1

TR =2 K A X, RN 25 = R TR
. KA . KILE s 2 351 . B
JE3000m (K1),

THEBZE (100745 Ma): JEFB RS E (b
i AN n i, FEEZILBEERS . PO
gU) . B LA, KK, AR Kl
I AoeA 2 N O 1 P sy i | o S W S R 220 Pl [ i
SRV IR WA % 5 JBJE 1500 m,



W BT A G AT

E 4h 5 K-k Kol 2 £ 645 R 45

vde 4 TEAE RPE

1 EESHRXEEMEE
L EMAIERAA ; 2 RARIE; 3 BMP WHIENE A
A FEKIE AT 5 Ak, 6 W2 7T KL P4
S 5 8 KPR KL 2

F#ZE (32723 Ma): AEASTIHEZ L,
HEEIK S . ABRE TGS (LLRSCE I E) 4k,
JERE 1500 m (TEH™).

UK IA AR MSCA . &I BEK TR
o KABEs . diiiass, RAGA SR A A
K (85 Ma), AHNKS, HKINKA, A5
TRKA (48.2 Ma), BAKRKRATERAIAZ
,

XER NNW [ E W2 0% T84~ Kl . i

WrfE 2y 2 000 m, W EELREEIER -0 Witk . 9~
XAME—A T ery s NW ok rWiZ,

BRI R — DL BT IR . R 4
FEGORRAE b5 e A A A, I il
Te/NERER 600 m, Ag/Au fHh 44~105 R4,
ER ARG AR

WX s 3 AN B, 1) FEZ BB
BTk e B AT T T A AN L
Xk, kA YA b S R IN B R R,
BEAX 2 My, e d i, 125 X
10°, & 1X10°°, 2) &4 3 MM EHEF ke
HE . AT EEEA SRS A A, A0k
KARA DA, B 200X10°, 4 2X10°,
3 kA 2 A AT TR Ak 0 R S e VR -
WAk . WS E XL Yy, 3) LLS A4 Al
HAZRIS 1T m BHESA R SR R R E, 23R
WA R, A IR D AR e . A
SRER . B, A AR A

WK B R KR4 DGR ™ IR i A 4
AVIBUEARE AR ME A AN R = ) 5 IR
RIS R W DTIE 1) 20 &

R MR 14 339 t, 7R 200t, H
I A T 2R 09 LA Al T8 7T 4R 45 48 6 i
4300 t, &fiti 87 t,

#Ha (BASEET REM)

I ) 4E R FE PR IR AR

WEFEVHAR RO T FEPU 4 ATV i ik iy B
BHLWA , SRR SRART R, B 1545 IR L
KA ICEH AR B 6 07 L AT A
8. 2844 v, W PRER 4B i 195 600 t, FHIM
fE4R 150X 10 °~250X10°, 8 0. 3% ~0. 4% .

W IR TR L PNIR AR 1 b, X
BB R, EERTURA, S0
MRV . TR S5 BE AR AR Ry THCE SJe b s
WA AR, A2 NW ER, SE %
i, B EPEg— N SRR, HREA
AEE RPN S, B 700 m, EERH 100 m JB4E R
W, IKAMPKCAERG)Z . &3 Rt,
2 1 800 m SR K AT A ib A i S8 B2
BHAAT BE A 20 =20, A fE R 4R 15 km 40,
MEFEPIAR X L (& 1),

B[ AL R T (450 m) (i F R4z F, i

LIATUA , ZLE IR AR A FIANRR A 4.

WAL (KT 350 m) A7 TRl IOk JR #ir 40
Z b, H—ERar ., AR S A A ik
AL ORTORRRS . B RARE . BEE (Rt
JZEAFEMRL A ), R A B R IE L0
AWFA, BRAA IR AR AR,

LEEW S TNEZE bS8 i 9 =S &5 I T b/ [ v R 1T
o (107~170 m), 4Egiilifafke (0~100 m), K
PRI EE K 5 (KT 300 m), 04 T HRFLIX
[AMATIEZR 10 km CAYHLTT

BEaAAA RREREAR (AR
KEEAHMD, WA (IS & i A S5t
FHRD, BT AME L FEEE . B,
1 1 700 m X1 200 m, MifE 500 m AL A 100 m
X100 m,

W IXAEAS ] - SRR A KRB UIADC . 7Eik
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2009 4F

REEW

FTEFRRE

[ [ &
[ £ SO
Ry =L
7 s

B1 g X i ERE
IR BRI s 2— =R RHH RE8E) s 3—
HERMATNERAR (AEREE ) 4 B2 RIERIERAK (H
KA 5 M=FR WALl BREERA . ARG 6 H=%
YOE LW GBE R . RS 7 5 = R BT R 0T 4 (G
AL AR 8RR TR R R

4700 m AR R 1. 25 km® . £E 4 200 m &b
AIERTF 0.15 km", FF K 1200 m, JFEHH
X PB B 352 NE aE 7, Al432h 53°, 317, 6°
=, JEm S HIURRI T bk &R . T A B
PR R s 31T RAT IR &R, AR AR R IR T
EESR BRI A, R EE N 350 m, BEIA
175 m, HECE 45 175 em W47 40 k4 il gt 1m)
E BEMR s A1) 6°fIBTRI Y — L Pa gy ik R AR
PEFCPUBRARB Y EZRRE , ADBCZ KAk E
foigt, HERKE ) W, f5ifh 70°,

SBT YL A . EEET, B E, E W
YGRS . INBRDT . BRBRRETE . IRZURY . B
AR R, SR, JrEve. R
YT, MERRERETE. R0, BRELARAT. MR,
EL&myIhaas, Wila, Gtk gikka,

IR B B ph AR ) E A0, LB
B, DENE bR TR By AR 2
Hatk, W ae Ay, iy,

2T IR & T Bl A KLl B S A AR e A
K.

#a (B ASEET REM)

WMEEESHERFRY K

TR RART XL TR rh AU A A s
MLAAR 80 km, H 1789 ALK RA 1 800 J1 t,
PR 1 988 t (o 248.54 <10 "), 4 228 000 t
(i 2.85% ), 4% 157 600 t (fhfii 1.97% ). %
462 400 t, K—PBliAH kol A 24 8 AR R T IR,

WX 8 ol o a0 T H SRS DT
o AR S (40765 Ma) RAEREAE, Jf
Z XA AR A F 2, 0 R 7E R R
A, ZAHE N —T Z KBTI RA B %
UEEEHE . TR 2 000 m, RFAEH4
BEIRZ A AT B 2000 ) FIGIR M R
FAN, JeE LA A M ILEE K TS AH DT
il

RAFUFERZ s GRAR, ARAT),
BRI AR A T KR BEA AR (WL Pb-Zn-Ag
INTRRETEIED , S50 R B R 1SR EN A
NS e e b Y P S r e =yl vki a0

DX I 2T ) Sh T2 s T a4 R R
FhE L A R IKANE Bk SRR 2 A1BE
Wi R, —4Em Sk 60~70°, 5 —4lEm

o 857, i) SE, {iiff 857, J5—HRIMIR AKX
SE T SR R0y, O R YER R, R
[ S ZE/IA 16 km A6 EEEA T ) 60~70°
IR AT, AW RS — kg, 5
E N 85 M 1 EW [ 2 ie gy A% (& 1),

SEYRRHLIXA 100 2607k . PRIk SE
JEFI 0.3 m, JAHRATA 2.5 m, B KEIRBA K
P, VBRI At . (ELE AR BERE ) AL
6] R SRS . AEHELEH Ty, B kAT Hh— R A5
JEAE B LR, A BB IK . N7 BT
WK . DAKAC Rk Bk — RO HUREIR A SR
R, JREB g dbilAR . PR 2T A AR A T AR
PRE&AT AR T OB AR R S S
W A B TTIE R TR L 4 Ak
WA W REIR, O BKUURR A 32 2 R o ik s ) 58
B AU VERR 7%

MRYEIZIX T kb b B gl ot 4 A58
I RIS PN T/ K PR R RO NS U N o 2
RRERE A . Ak . AEHAEAT , A
AN BRI AR B W B, e R
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W AR IEPE EsS KL AKLBEAEORTA 47
-ﬁ“'...';_s!.,l:.'i";
% — 00 100 m
/ /$2° 20° P
R -
72°
~ < e
66 .
— BE S N
- a///’ /
wigrE %7
A R 2 70°
N - 80" s 80
A 5
SR it AR
2z el
> P = B2k
o R
g

B1 R ARAFF e R R E
LBk AR R 2 2 i s 3 R BRE S s 4RI

B, BiEh B BOAIBRIRER BT B . FRAELT A X A
BRUARIN0- 250 3 o B 0 d e Tk 28
DIAL . I BLAE SR oA b S e Jik 5 B ) A2 4k
MB TG Zemsh , Bl AR AR ss , oy
SIASR A B, SRS B, PR R
Ref, seietl., s B atl, EARRIALE .
AR, EE L, R RH TR,

TEREE LR B A FERISE A LS 42 2% 1
Je ABRLAL ) AR FRER AP ZERE A A vh LA
ARl PYIJe B B A R A B A A — DU 7
LA™ (1 36 AR R IR GIR EE £ 3007~320 °C, ik
TRARR AR E IR

e (B ARy REAM)

R H I % & A B R K

B AR PRAS T332 J2 S VG 5 10 4
B (SN K 210 km, EW 58 10~15 km)
rRdbER, AR 2 000 7 t, 4R 3 100 t (A
155X10 °), 458t (Fifi2.9X10 °), #E324 J7
t G716, 2% ), HF100 J7 v (5hE 5% ), 4 14. 8

T RS AL TR 2 AR, B A — TG
TR, DAtssa Ao ), Bk A 2 FORTR]
FPRAR B B s — A HUIR AL 15 e
s — R0 LA I HCRE dh B AR, 2 iE
BRRENZA 12 m (& 1),

Tt (57 0. 74% ), TIREEVIA 6 M- A28, HaFr A
KA T FE RS B R 598 Al 3 Ry,

XRIXHr Al 2 S ANFER i RO . B
IR INE . KORREE L RARRD RIS
A, SAFRSIUKIAFRRL, XLEE R AL
FibliE s sl kAR TR AR, At kil
AR R R TP AELR A

B 0B TR AL 3 A 2 — Y
VRS 7 VN e o N P QT2 SE | A L R
Kz . IR ELER450 0 3 AIC . RN
WEIE . TORBEDCA M ERR S e s &, 01k
P JF AR B J75 S AN TR B IR e 2 ity (1 TR
BEHAN .

) S8-S0 JeR e A, L gk
W, BT E, AERET, M EYCIRINEET -
TTE R A ICHR , AL SR, R
AL, FEE B R 200107, £l H /N T
2X10°", WA KT 5}X10 " WLFI% i SR L i
T, AIBERT 10X10 °, SfEm s wiks bl .
YR EST A ¢,

2) INEF T8-S0, TR B
W Rz b, I HAER B 5 H R, DUNE,
AT, BB R ARST R, SKE
M4, —E2X10 *~7X10 ", fHEik 33X10 °,
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2009 4F

RL3050m N

L ]1
SSF

B s ——
I -
s
R s
7

RL2950m

150 mE

350 mE

1 BAXFTEFTHEE 1 113 tFREEE
1M, BERIE A 2 WA, 3 HURTREREL . SRR A A HURMIN D 55030 0 4 s 5 Hulk i i 4k
T-EWT A 6 ABRT L 7T IR SR B

3) WHHE AT LI LUNEET,
T, ARET, WREEN, HhhaERES N
Ei A (3810 7)),

ICAME L Tk . NG Rk
e =SSR

WIKEZES B YA S, B, INFE
WL T, WENE R YA SRS . B, 6
BRELETHT . FARBL. WEEERDT. ROTTREREY. &
LIV

& RUYIHERET . MARY, IRABT, &

WAET GFHR 1 010X10 ", HFASFHREDN
300 ), THRBMRT, EHEH SR 180X10 7, N
BT AR 30X 10 0, ZEERHT AR 0. 25% ~ 1. 26%
C AR,

BT YaS e . A, WRHT Y. 4
bk B A, A,

A IR R FERZE SRR B R AL P e A 4R
WK,

e (B AT REA)

AR ERY @

ZERIELRY HA T3P 2R SR I 52
FrFEHBIX ) R B B3R 5 DARE K58 200 km [ HEIX,
W AT 8 3 AR TR BIR T IR AT 47 A4~ . KEHL
FUAR/N, 6000 BT IR R AR 1T ¢,
KA IR 5 208, DA 18521952 4F 100 4F[a]
1400, Au/AgfEN 14, 454280, 4R
1120 t, H 8006 F= HMAT 1L (1 100 t, &4
220 t, £ 880 t), ZEhrFEHIXALE RN 40 860 t,

SERLELAR T I P R TR A AR S B
NNW, @)z it — S s g v Fl 2 2 R
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RASERESRY H . BRI IRARR RS
XIEHHREIE (Au, Ag) k17 & (B 1), A
AP TR PER A, A0 Pk T30k
SR s, Jenm. KRG . ATTRES
B AR S i, o DIBAg & s ik (11 5 ko
FEER, K 3050 m, FHE 2.4 m (FJE 3.4
m); HUOESRFEFENk (10 S5 k) £ 2 800 m,
FEIFE 3 m, BJE 6.7 m; REHIK G FhK K



=
b
-

N

W3, O ST
RS

E 45 K-k Kol 28 £ 648 K 49

0Ny s Wb —

2 AR A S R

+F EaL

A 10 B A6 4E

Eir 11 MR P 5

25 12 R 4R /R

F Py 13 s E R

IR DLEE B 14 &Kk—8EE

/R 15 560K

& ] - EIENR ]

2

0

SRR

X

B1 #FE=SHEYHINEE

915 m, FH5 6.1 m, /5 24.2 m; 4T F Wk
A5 K710 m, FHE 3. 7m. wE27.4 m;
SRR ERK 4 PO K 640 m, P 1.5
m, B 3.4 m, ORI, WA
RBERL, AR E S KT 156 X10 °, /NEIIH
T,

L RAEHE IR RS XA Ikt TP TR
EREVIB N, B E T R T ke, B
A R B E AR A AT A 5 WKk T8 R AR A A G,
FTEREEETT 1 em B 1 m, ALEETERIR T4
b “B” AR, AL TR ) — S U
H, BRI UL FA R AR T
Yt . e R A T BRI IR 5,

ELRIFEHE IR R IR R DX Ik 43 by 40 & B A
e, MBS, AP IRIRENIR G Y. BRIR AR
AR S RE IR EACIR A E Dk A R ARG
TRRE, WO AT N BT, T, B
WD, RRERT . ORERIERAT . AR AAR. A

G WRARET, AR, W, PR

EHXRRTET RS SRR

PRRBRAR A, BT A BB BkoE a3 TP 47, URHE
BE . EZ A AIRIRER AN, — LR ET T
Bl R B IR A8 25 B B JEAA L SRR L B
WARZAN . o Akiss . IF AR EI S U, BB
R CER ) R IR , AR R EER
SR W IORAE LS T BT L AR T S A AR
W AR GHEAA, A5 NsS T, Bk
FVE W HEIE RN 5385 4 0P 22 vh
Lo KIIX,

RIRE &40 X - kR R K KT
700 m),

SERISLAR A O ST 1 AR T R AT 2 T B
IR IR , B KT IEWT 2GR, EmiE )
WA B R, B BKGE 17 NE [m) F1E T SN
), WABE, ARKMGE T, &RIKIEE 30
m, WEM KA 4.5 km, — &K 200~1 600 m,
KELHETE 0.3~5 m, —MIEHR 170~330 m, FEiT
MR B KRR Ll 2 PR, IR 2 I akrh
Wr, KREZH0 KA T ottt iia, e



W By T S AT
;-a.._ s A= IR FAWR AT B mEZ N 2009 4f
1*:;,,:_-’-,:'

TP R FACE AR

Bk BRI YO R G, SRR
0, R ILIRALRET . ASRE. AR, WILR &
JEIALY) GRERGT. NFEE™, D78 M),
B 200 ~1000 , EERET Y FERA R, HkE
Jrfitr . DBOUAE R & A SR . wie)
VABKERR , A8 R A BT, BERb AR Bk
W, KA, EAOAAE BT R, B
RS2 R B R B AR S Al . JTHOR

BT IREJEE , AR KBRS, 15 A v ko
R T A A h R KA A, A
AFKK A,

R — R ETR RN . REBREE R
T YL ATE L R 270~350 °C, TMiLAH 4>
J& R E M AR EETE 200~280 °C, R —f
0~3% , REHH KT CO: WFHEN 1% ~2% ,

e (B RAIERs RKE M)

K B E 5 F) /R 3R AR

TR KBRS T 1T T 2 S H PG v LA
JleEar AL, 7E2 A B AT R AL 30 km Ak
(B D, RS s S A e R, —H B A
SEEE AL, HABOR & )8 & 5 2 W n By izl ,
WA By 1900 7 v, iR 3 040 ¢+ CRYA
16010 “), 4:43.7 v (f4fi 2.3X10 °), 4F 247
Tt GhBL13% ), #5133 1 GRE 7% ), W ikN
—NERPORGACIE TR . KB TEELF IR
MsaEEZ B, G ). ZwblEE (1986 4£) Ak,
PR BA SRR E R . TR ISR E &g
B, TETURIE AR . 4. BEL OB B, B
ot 4 X107, HEAER™ R HoC 07 3 S A 2
RSB A T, R A R A, B
AR W L PR (Y s v s Ak T ik, &
FERBEER R RO R AR, 4
LY (o B AR B S A e T R D A R
A B E R R

FECARE AR LA B ot KL A A T —
BRI 2R K, R EARET IR 60 s fH K
—10%0~19%0 , HRFI/F T KLY 6 S (HTE
6260~ 150002 ], 3B (1 (B 30 A K LG 2
W B HCRER A IR IRVRAE , & 5K
WEA AR S,

0 10 km
e —

2 — i B R

-]t E

= Wﬁg =

4 u@sﬁﬁﬂm\

e s

E== 6

17
R
[ag:iben)

B 1 #F /R A R XE R E
L BRSO L 5 A AR B TR 5 2 DY e OBl 5 3
IEFE/RBERAR 2 5 4 dbasrh kil s 5—marnJkalig . 1
R 6 W arE )R s T W)=

e (B ARIERT KA



B 3 BT GO
/AR RRE S

E 45 K-k Kol 28 £ 648 K 51

ImH 3 X R K

BE DCER A IR T S M e pg E DL R R AR A4S r
W, MFRHEERVIEL PR, | 1857 4F%) 1987 4
i, BF 240 07 ¢ (AL 620 —~10% ), Y 220 i
(A 5.5 ), A4 000 t (ffsi 100X107°),

WIRAETF—A~ EW [a] [ BHA

et AR L HSE R 3 A (B 1),

1) FERAS K Ll 3 2y etk 4k 21 (e
A KL R . HER A by SRR A B
WAL (5% ), EEMER XA AR
WX ZE AR T RS . HESA I S5 EE DA A

2) A KINPIR A IR G k2= DTRUA AR,

FEEARBR BRGNS (RSB irsaik, A
B A2 S0 ) K G A - TARHS A -8
wREE . BSRERR A KELE . SSRGS, A
YA BRI S MBI A (e TA5 28
WA, TURREA T AR T 28, 3R]
BN RE R KRB, T X S
R H A 273 m UL 1A N LA IR FUA B 1R
A, T B ki N B SR s, AL
ABIEARLY , RUOELREEH

3) ARV 2H £ E N IR R R AR R UL A
BARESEEENE C30% ) BYZSRbCR A R

‘4 + +

s
s +

El1 IeesEs X XiERE
I— KA KN 2R 5 3— RIS A—RBTILRWY ; 5—is I BRI R A 6— MG eI i AR R i 7— s s
R, 8 MZH: 9 ARMAKA A 1080 XG K 11 G aEhwiib, 12 Kz



@ﬁ*ﬂ‘iﬂiﬁﬁﬁFcﬁﬁ
ST ek R

FHAWR A REZ N 2009 4F

ERIEER P I E Bt AR, LA,
A MR R W), TR i &
AT ARE RZ SR YR Sk

IRk TR A S 25 i 11132 Sl A
R IR R AR TN A

()37 28 1l g B HAh ol oe ly Bt b e 2 )7 i
197~18. 8 AZAFE AR K 1L A A AR AR e 4, IF 8
TR Z b, 18.7~18. 5 AZF R A9k 1
BB, R TR A, WK A R
WA RAE L sesm A 2T T, 18.4~17.7 12
ERAETRRARA o T GE 112 shg Ao 57 1Y S 7Y
WU RS (SIREAMEAE) . HIAERKA. 4l
A R B A R AL, fJa i 17. 3 ACAF T
NNW [ 5 300r 3 14 99 248 SV A48 B -3 2 7 10 3 1
WIRAE A KIBUZA

W IRRAAAE B AR R BECE N CEZEE A
HRMA, AnamMankiavemkZ), B2~
H, GERHE 5 000 m, EVHIZEM 1 300 m, JEEE/N
T 20 m, WRLEED 100 m )2 v A0 152 QLR wh o
Bk s 0K T ERA USRI A0 b (it

K, W RN 1 AN — B 8/ Cu-Pb-
Zn (Fe) Tam4:Jm o,

JEFER . S0 I HUZ AR S R S (TR
TER IR 7K A8 B T A S RH A, X
A K, Ba il Si (Ca), % Na, Fe, Mg, Mn
(Ca),

WA A R AR TEHEIIE U 7K
W, xK/AKE Cl, Si, K, Ca, Mg, Fe, S, Zn,
Pb, Ag, JFUURR T fE A1, RIREL . iy fn— L
BRAALY) . Mg 3 CO: TREFIRERHE . MR
pH (I, A8 R EE A DURRTE K hIE 5
Z BT AR K /Na i,

W IARTE T KOV E AR, s bt it
BATEZIN . PRI L A HERR N /K R G 2R T
Ao HENNGRER I AL 2L BRI 1R HE IR i 28
& X 50 AT LR,

BED DA AR EAT I K LS A HARRAE B
BLT KL SR PCR A0 RN LA R 250 1Y
WS Zn . Pb W IR Z ],

#Ha (BASSEET REM)

EERNEEMNFHREY REFHH N LSAFRRBRET K.
DL Tuscarora 4430 X A1

Tuscarora A" XA AT A8 M 5 ol 22 B R AUAE
LG BT I BUARIR PR IR . X2 5 L& s
KALE AT I AR A AR PR PR A )
RIZZ, IFH , FEZIX 2 A AEERIR R IR R AR
TR AH™ PR 1 ) B T Ak 27 2 34 A R 2 AR
MH , Tuscarora i PR5AHEBIYE TR G0 IKIE
R, RS T 39.9739. 3 Ma [ Tusca-
rora KILZAWN , F-UTE Mount Blitzen J LAY
KU FREESAMG . 2 P RISED (R 5
AR IR IR RN E 35 39. 3 Ma, HiZIX
KL B FEEAR AR EARR , (EE XN R
I TR EL SIS S B, R A G,
5 Mount Blitzen LA I B 12 2 ARG R
MOIATE B AR 2 S AR JORCE & AR AR B AR
. 2 AL B R AE LB A= 1Y Ag/Au
fHim (1107~150) wERAYEAS A FpRIRER
Wk & E To . M &0 Ag/Au i
AR (4~14), MRS, BERBUTRE A
JeRBRAPCIRIKZ T . 2 PSRRI HAT ALY
WAL, Ph A1 S R RFFE, (HRMERILE

FRIEARTR], 2 25077 B A D kA ARARL A B e A Ty
s, A B ) U AR A A R T ARV AR B DA
260~~230 ‘CEULT 200 °C, WAAB:IE AT HES | AL 5t
ERICRMTIR, 2 0 Ikh As, Sb & &,
Bi, Te fl W iy & #{K, U+ Ca, Pb, Mn,
Zn, Cd, T1 fl Se &, @01 Hg, Mo it
B, HA RO AT U EL 2 R RS, H
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Deposit description for the Pachuca Real del Monte district

vein-type silver deposits , Hidalgo , Mexico

The Pachuca Real del Monte district embraces
a series of low total sulphide epithermal vein-type
silver deposits and is located in Hidalgo state ,
Mexico , some 90 km north of Mexico City .

The district contains hundreds of productive

. 2
veins spread out over an area of more than 70 km™ .

These vein systems have been exploited for over
500 years in which time they have produced about
40 000 tonnes of silver from more than 100 Mt of
ore at an average total sulphide content of about
1% . Most of the Ag production and all of the bo-

nanzas were in three compact sub-districts: i)
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western Vizcaina-Santa Ana-Maravillas, ii) Real
del Monte, and iii) Santa Gertrudis .

The mineralised veins are hosted by 2 700 m
of Oligocene—mid Miocene age calc-alkalic series
voleanic rocks ofthat total about 2 700 m in thick-
ness . K-Ar dating of the volcanic host rocks and
the veins indicates that the veins formed within a-
round 1 Ma. after the termination of volcanism at
approximately 21 Ma.

Rocks within the Pachuca field range in com-
position from basaltic andesite to rhyolite with an-
desite and dacite flows and flow breccias as the
principal components . The volcanic pile has been
divisible into a lower succession of mostly interme-
diate composition flows and breccias and subsidiary
volcaniclastic sedimentary rocks of generally uni-
form thickness comprising 7576 of the field , and an
unconformably overlying upper succession of dacite
breccias and rhyolite flows and tuffs of highly vari-
able thickness making up the remainder . Four sets
of east-west trending dykes are cogenetic with the
upper succession , the youngest of which are feed-
ers to volcanic domes. The lower succession was
deposited under conditions of relative tectonic qui-
escence, the upper succession indicates episodic
volcanism , erosion, warping , intrusion, and faul-
ting . Mineralisation occurred at or near the end of
the deposition of the upper succession .

The rocks of the Pachuca volcanic field are cut
by east-west trending normal faults with dips of 55
~70° and vertical offsets of up to 500 m and north-
south normal faults with dips >75" and maximum
vertical offsets of only 30 m . The widespread east-
west faults began their growth during the deposi-
tion of the lower succession , and parallel the struc-
tural grain of the Trans Mexico volcanic province
in contrast with the north-south normal faults
which are only found in the Real del Monte area
and were active for a relatively brief period of time
just prior to and during mineralization .

One example of the veins of the district is the
north-south trending Purisima-Colon vein system
which is located in a high-angle normal fault sys-
tem where vertical offset varies systematically from

around 30 m in the centre to zero at the northern

and southern ends . The uppermost part of the vein
describes a concave downward arc, the highest
point coinciding with the area of maximum offset .
The top of the fault grades upward into a zone of
distributed fracturing that extends upward an addi-
tional 300 to 350 m .

The zone of distributed fracturing above the
fault is characterised by pervasive illite-pyrite-cal-
cite-chlorite alteration, whereas propylitic altera-
tion dominates wall rocks below the top of the
fault . Ore-grade silver mineralisation is developed
over a 650 m vertical interval extending downward
from the top of the vein to a bottom determined by
silver grade .

The vein system is vertically zoned , from the
top down, as follows: i) an upper zone of 50 m
vertical extent in which the vein is <<0.5 m wide
and has very low total sulphides (<C1% ) and low
Ag grade (<C100X10 °), ii) an intermediate zone
of about 100 m vertical extent that averages 0.5 to
1 m wide and contains low to moderate sulphides
(1% ) and low to moderate Ag values (15010 °
~300X10""), iii) a main ore zone of 350 m verti-
cal extent in which the vein is 2775 m wide and
contains moderate to high sulphides (averages 1%
~2% ), and high to moderate Ag values (500 X
10 °~2 000X10 °), and iv) a lower zone of un-
known vertical extent (extending —>500 m below
the mine workings) that is similar to the main ore
zone but contains only base metal suphides .

The veins are interpretted to have developed in
four stages :

1) brecciation of the host rock, which took
place prior to the onset of hydrothermal activity
when broken wall rocks accumulated in openings
produced by separation of the fault walls .

ii) a silicate stage, is dominated by various
forms of fine-grained to microcrystalline quartz and
chalcedony plus coarse-grained crystalline quartz ,
johansennite , K-feldspar , albite , clinozoisite , epi-
dote and hematite .

iii) an ore stage , which was deposited at 270
~300 C by fluids that were acid , of moderate sa-
linity , and which did not deposit silica or quartz

except at the very beginning of the ore stage or as



@ﬁ*ﬂ‘iﬂiﬁﬁﬁFcﬁﬁ

=

=

TEAE RBE

E 4h 5 K-k Kol 2 £ 645 R 57

very local alteration products of johansennite . Sul-
phides were precipitated mainly by fluid-rock reac-
tions in which wall rocks and stage 2 alumino-sili-
cate minerals were altered or totally replaced by

sulphides+illite+ kaolinite+ carbonate+ M g-chlo-

rite .

iv) a postore stage .

4 B Porter GeoConsultancy Database , #4H#
1k 3] 2005

Deposit description for the Santa Eulalia deposit , Chihuahua , Mexico

The Santa Eulalia Mining District occupies the
central portion of the basin and range fault bound-
ed Sierra Santa Eulalia, some 20 km to the east of
Chihuahua City , the capital of Chihuahua state in
Mexico . It is approximately 100 km to the north-
west of Naica, also in Chihuahua, and nearly 700
km to the north-west of the Fresnillo mine in
Zacatecas , both of which are described below .

The Santa Eulalia district mineralisation was
first discovered by the Spanish in 1591, although
there was no appreciable production until 1703 .
Prior to 1925 mining was focused on the high grade
oxidised orebodies that outcropped . Since that date
however ., operations have exploited the massive
sulphide and skarns that underlie the oxide miner-
alisation . Mining has continued to the present , but
at a reduced rate compared to that achieved from
the late 19th to mid 20th century (Megaw , 1990).

Published production and reserve figures in-
clude the following .

Reserves, 1989; 8.4 Mt @ 115X 10 " Ag
(AME, 1994).

Production, 1703—1790. 4.0 Mt @ 684 X
10 ° Ag (Megaw , 1990).

Production, 17911880, 0.7 Mt @ 770 X
10 ° Ag (Megaw , 1990).

Production, 1881—1924. 7.5 Mt @ 500 X
10 " Ag, 11.9% Pb (Megaw , 1990).

Production, 1924—1986. 26.4 Mt @ 227 X
10°° Ag, 8.1% Pb, 7.3% Zn, 1.5% Sn®, 0.3%
Cu” (Megaw , 1990).

Total metal production , 1703—1986 ; 12 280 t
Ag, 2775 Mt Pb, 1.91 Mt Zn (Megaw , 1990).

The Santa Eulalia Mining District is divided
into the West and the East Camp. The West
Camp , otherwise known as the Main Mineral zone ,

lies on the western flank of the range and is charac-

terised by massive sulphide manto and chimney
orebodies , with local iron-calcic skarns . It has ac-
counted for approximately 80% of the Ag, Pb and
Zn production of the district , and a minor propor-
tion of the Cu and Au .

The East Camp, also known as the San An-
tonio Mine area . lies on the eastern fringe of the
range, and is characterised by symmetrically
zoned , intrusion cored , Zn-Pb skarns with periph-
eral massive sulphide bodies . It has produced Pb,
Zn and Ag, as well as all of the districts Sn, V and
REE. The 2.5 km wide intervening zone , known
as the Middle Camp , is generally considered barren
(Megaw , 1990).

Geology

The Santa Eulalia district lies within the basin
and range terrane on the western edge of the Mexi-
can Thrust Belt, near the eastern boundary of the
Sierra Madre Occidental volcanic plateau (Megaw ,
et al ., 1988). The Sierra Santa Kulalia, the basin
and range range in which the Santa Eulalia district
lies , consists dominantly of lower Cretaceous lime-
stone which overlies evaporites . These sediments
occur within a broad anticlinal structure which
trends NNW—SSE with gentle east and west dips
(Megaw , 1990).

The limestones outcrop throughout the north-
ern portion of the range and are the principal hosts
to mineralisation. In the central section of the
range they are masked by early Tertiary volcanics
and volcani-clastics . This Tertiary cover thickens
to the south until it is cut by the ring—fracture zone
of the mid-Tertiary Santo Domingo caldera . The

southern portion of the range consists almost en-

@  These grades only apply to those areas where these met-

als are locally found
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tirely of caldera related volcanics which are essen -
tially barren (Megaw , 1990).

An upper sequence of ash flow tuffs and ba-
salts which were erupted from the Santo Domingo
Caldera to the south . These have been dated at be-
tween 31.710.7 and (27.5+0.6) Ma, and as
such are Oligocene .

Within the mineralised section of the district
the host sediments are cut by a series of felsite
dykes which are regarded as being closely related
to mineralisation . In the West Camp these dykes,
which have been dated at 26.6 Ma, underlie the
mineralisation , while in the East Camp similar
rocks form cores to the San Antonio mine skarns .
These felsites are fine grained and banded , contai-
ning sparse quartz and K-feldspar phenocrysts .
Where they outcrop in the San Antonio Graben
they are highly altered , geochemically anomalous
and form an en echelon pattern . Pervasive altera-
tion to a felted mass of very fine grained quartz and
K-feldspar is common underground , while sphaler-
ite, galena, pyrite and arsenopyrite are locally
found within the bands of the felsite , especially
near contacts . The West Camp mineralisation ap-
parently bottoms on, and surrounds a series of
these felsite dykes ., although the majority of the
mineralisation has no direct spatial connection with
the dykes . Where mineralisation abuts the felsites
there are pre-, syn- and post-ore relationships , im-
plying that the felsites were emplaced contempora-
neously with the mineralisation (Megaw , 1990).

The East Camp skarns are all developed a-
round the felsite dykes , again implying a close re-
lationship . Physically and chemically similar fel-
sites are also found , apparently intimately associat -
ed with the mineralisation at both Naica and Ve-
larde (Megaw , 1990).

The West Camp felsites thicken and coalesce
to the south-east, suggesting a source in that di-
rection, while those of the East Camp similarly
point to a source to the south-west. The common
source , as supported by magnetic data , may be be-
tween the two camps (Megaw , 1990).

Two groups of intermediate dykes crop out in

the northern and southern parts of the West

Camp . These appear to be broadly contemporane-
ous with the ore but not spatially or chemically re-
lated. A 37.8 Ma quartz-monzonite (adamellite )
stock underlies the West Camp, while 37.5 Ma
dolerite sills occur throughout both camps . Both
are indicated to have been pre-mineralisation
(Megaw , 1990) .

Structure

The Sierra Santa Eulalia has a strong NNW
structural grain which is reflected in the structures
of several stages and in the pattern of mineralisati-
on. This direction is parallel to the axis of
Laramide folding , the major ore zones and the ba-
sin and range faulting (Megaw , 1990).

The West Camp mineralisation occurs along
six principal NNW trends which are marked at
depth by laterally continuous, but vertically dis-
continuous , pre-mineralisation fissures , whose
structural continuity becomes progressively more
obscure with height within the system . These
NNW trends are cut by a number of WSW fissures
which have also influenced the mineralisation
(Megaw , 1990).

The East Camp mineralisation occurs within
the ENE (20°) trending San Antonio Graben and
related structures which are cut to the south by the
Santo Domingo Caldera . These structures are nor-
mal faults that have influenced the emplacement of
the San Antonio felsite dykes and associated skarn
and replacement mineralisation . The west side of
the graben is a single steep fault with between 250
and 400 m of displacement . The eastern side is
formed by a scissor pair of steeply west dipping
faults with 200 to 400 m of displacement . Most of
the graben faulting appears to precede mineralisati-
on (Megaw , 1990).

The limestones at Santa Eulalia are cut by in-
numerable fissures , which have been grouped into
several systems on the basis of their relative age ,
dip and strike . Those striking near north-south
(NNW-—NNE) are generally pre-mineral, while
the remainder are usually, but not invariably ,
post-mineral . Generally the near north-south
structures are not fault planes , and are seldom ver-

y continuous , although they form continuous zones
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of smaller closely spaced fissures . The crossfis-

sures are as numerous as the earlier structures
(Prescott, 1926).
Mineralisation

The mineralisation in the Santa Eulalia district
can be considered in two groups , corresponding to
the West and East Camps respectively .

West Camp

The mineralisation in this camp has accounted
for more than 80% of the production of the district
and hence is regarded as being of greater signifi-
cance . It is composed predominantly of a series of
massive sulphide orebodies that exhibit systematic
changes in morphology , mineralogy and structural
controls , and in stratigraphic localisation upwards
and outwards from the deep felsite sills . From the
southern most and deepest mineralisation , to the
shallower northern fringes , the orebody-structure
sequence progresses from 1) deep breccia bodies ;
to, 2) sill-contact mantos; to, 3) fissure related
mantos ; to, 4) tabular chimneys, to; 5) elongate
mantos (Megaw , 1990).

Specific carbonate units contain the bulk of the
manto ore, although no consistent characteristics
of these carbonates have been identified to explain
the clustering (Megaw, 1990 ). The lower, or
Main Fossil Bed of the Finlay Formation is very fa-
vourable to the formation of manto ore throughout
its 70 m of thickness, as is the Upper Fossiliferous
Bed of the same formation . The Intermediate Beds
are less favourable to the development of mantos ,
although many of the chimneys are found within
them (Prescott, 1926).

The majority of the ore has come from the
transgressive pipe-like chimneys and the shallow
dipping , generally concordant mantos . Other than
the geometric relationships to the stratigraphy and
their shape there is apparently little difference be-
tween chimneys and mantos . While the mantos are
generally concordant they frequently jump from
one bed to the next higher. The chimneys vary
considerably in size and are extremely irregular in
shape . A large chimney may have a width of per-
haps 30 m, by a length of three times that dimen-

sion, while extending over a distance of 300 m

“vertically” through the sequence. The mantos
range from say 5 to 60 m in width parallel to the
host bed, and up to 5 m in thickness , but may ex-
tend over a length of 4 km (Prescott, 1926).

According to Prescott (1926), it is possible to
trace every manto, without a break , back to a
chimney , and that every orebody then known could
be traced back to a chimney . He claims that it is
not always easy to trace a manto over its extent as
there are blind fingers leading off the manto at va-
rious points along its path . He also indicates that
the cross-sectional area of a manto will decrease
from the intersection with the chimney to a point
where it tapers and becomes too small to economi-
cally exploit . He gives examples of a manto with a
cross-sectional area of 400 m® where it branches off
a chimney , having declined to 10 m” at a distance
of 2 km from the chimney . A manto may branch at
some distance from the chimney , although this
generally does not result in an increase in the over-
all cross-sectional area of mineralisation . The path
of the manto is apparently always upwards , overall
(Prescott, 1926) .

Three types of ore are recognised in the West
Camp mantos and chimneys . These are .

1) The earliest, a complex and rare silicate
gangue carrying a silver bearing iron sulphide and
insignificant amounts of sphalerite and galena .
This style is of limited extent and commercial im-
portance (Prescott, 1926 ). Distinctive calc-iron-
silicate skarn bodies composed of manganoan-fay-
alite, manganoan-hedenbergite, chlorite, ilvaite,
quartz and rhodochrosite with sulphides , lie within
or above some stage? Most are found near the base
of the Finlay Formation (Megaw , 1990);

2) The main silver-lead-zinc ore at Santa Eu-
lalia (Prescott, 1926 ). This assemblage comprises
the main massive sulphide mineralisation and is
composed of a fine to coarse grained mixture of
pyrrhotite , pyrite , sphalerite and galena with mi-
nor chalcopyrite . Pyrrhotite is dominant at depth ,
with pyrite becoming more important in the upper
levels . Gangue minerals include fluorite, quartz
and carbonates (Megaw , 1990);

3) The latest phase , composed chiefly of ga-
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lena or its oxidation products . It is relatively free
of zinc and only contains minor amounts of iron .
This phase is only of geological importance with a
total production to 1926 of 10 000 t (Prescott,
1926).

East Camp

The mineralisation in this camp comprises a
tabular cale-silicate skarn chimney that envelopes
the en echelon San Antonio felsite dykes. The
skarn is symmetrically zoned on either side of the
dyke from a narrow dyke contact assemblage of
chlorite , epidote and purple fluorite ; to a 2 to 40 m
wide zone of grossular-andradite, hedenbergite,
actinolite , cummingtonite and colourless fluorite .
Pyrrhotite, pyrite, sphalerite and galena domi-
nantly occur interstitially to , or along fractures in ,
the calc-silicates , although some sphalerite is in-
tergrown with the fibrous silicates . Pods and man-
tos of massive sulphide are found locally along the
contact of the calc-silicates and limestone . Pyrite
increases upwards at the expense of pyrrhotite ,
while sphalerite and chalcopyrite are relatively
more abundant compared to the West Camp
(Megaw , 1990).

Evidence for replacement is abundant in both
camps . Fossils have been mineralised while chert
nodules and lenses within the orebody are not .

Thin shaly beds have been described passing

through the massive sulphides un-replaced and
continuing in the limestone on either side . Open
vugs , often lined with spectacular crystals of ore
sulphides and gangue minerals are common
throughout the district , although these appear to
be local voids within otherwise massive , non-crus-
tiform ores. Banded ores are common, but crus-
tified ores are relatively rare (Megaw , 1990).
Both camps are surrounded by non-overlap-
ping alteration halos zoned with respect to the min-
eralisation centres . The proximal alteration zone
consists of argentiferous manganese oxide impreg -
nations of limestone and fracture fillings of volcan-
ics. This material is obvious in the mine area as
strong black staining on the volcanics over a wide

A dis-

continuous halo of fluorite mineralisation lies out-

area , and has been mined for smelter flux .

side of and distal to this zone, surrounded in turn
by the sporadic development of jasperoid (Megaw ,
1990).

The ore bearing limestones outcropped and
now have large mine openings on them at surface .
Some thin veins cutting the volcanics in the same
area were followed down to orebodies in the lime-

stone (Excursion Guide notes , Megaw , 1990).

4 B Porter GeoConsultancy Database , a1
1k %] 1994

Deposit description for the Imiter Neoproterozoic

epithermal silver deposit , Morocco

The Imiter Neoproterozoic epithermal silver
deposit is genetically associated with a felsic vol -
canic evenl formed within a regional extensional
tectonic regime. It is located in the Anti-Atlas
mountains of Morocco in north Africa , some 280
km east of Marrakech .

The deposit is located on the northern side of
the Saghro massif , one of a series of Proterozoic
inliers within Palaeozoic rocks which constitute the
Pan-African Anti-Atlas orogenic belt of Morocco .
The oldest rocks in the Imiter area are a sequence

of Neoproterozoic pyritic black shales which were

deposited on an oceanic crust basement and have
been folded and metamorphosed to greenschist fa-
cies during the Neoproterozoic , along with ophio-
lites in the neighbouring Sirwa massif to the
WSW . This orogenic event on an active margin in-
cluded the subsequent emplacement of considerable
calc-alkaline magmatism and the development of a
foreland basin . In the Imiter area the black shales
were unconformably overlain by immature basal
conglomerates and late Neoproterozoic volcanics
and volcaniclastics (andesites at the base and ign-

imbrites at the top ) dated at 5807560 Ma, with
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associated emplacement of granodioritic and grano -
phyric intrusives . During the Cambrian the belt
became a passive margin with the emplacement of
rift clastics , carbonaceous rocks and volcanic and
sub-volcanic activity .

At Imiter three phases of intrusion are recor-
ded: 1) granodiorite cutting the Neoproterozoic
black shales, prior to the immature late Neoprot-
erozoic basal conglomerates, ii) a granodioritic
massif cut the black shales and the conglomerate
and overlying volcanics , and iii ) a major felsic
magmatic event occurred at Imiter represented by
various dykes in the mineralised area. A strong
connection between this third phase and the silver
mineralisation is implied . It is characterised by a
well developed concentric magmatic structure sug -
gesting a hypabyssal body emplaced under subaeri-
al conditions . The main intrusive is the Tachkak-
acht rhyolite dyke which cuts trachyandesite dykes
in the same area. The mineralised rocks are over-
lain by un-mineralised middle Cambrian sediments .

Two successive paragenetic associations are
recognised at Imiter .

1) The first comprises an early quariz vein

network with abundant chlorite, muscovite and

base metals (pyrite, chalcopyrite, sphalerite and
galena) .

2) The second silver rich stage is subdivided
into, a) Another quartz phase with minor musco-
vite developed on the first stage chlorite, further
base metals and silver , and b) A late phase charac-
terised by pink dolomite gangue and increasing a-
mounts of Co, Ni and Hg bearing sulphides .

Ore occurs in metre wide faults , stockworks
and hydraulic breccias , as well as disseminations of
silver bearing minerals in the Neoproterozoic pyrit -
ic black shales and volcanics , all distributed along
the Imiter Fault as a series of shoots approximately
10 m thick, 100 m long and 100 m down dip . Su-
pergene modification has limited the upper levels of
the deposit which is characterised by iron hydrox-
ides at the expense of sulphides, while cerussite
rims galena crystals, with no supergene sulphide
enrichment . Mineralisation has been dated at (572
+5) Ma.

The total identified resource at Imiter is 8 000

tonnes of recoverable silver (2002).

4 B Porter GeoConsultancy Database , F4H#
1B F] 2002

Deposit description for the Comstock deposit , Nevada , USA

The Comstock District lies within the Virginia
City district of Storey County , south-western Ne-
vada, USA , approximately 30 km to the south-east
of Reno, and 350 km from Carlin. The district is
famous for the Comstock Lode, a group of bonanza
silver-gold shoots of exceptional grade .

The recognition of low grade placer gold in the
district in 1850 was followed by the discovery of
lode silver and gold in 1859 . The main period of
production was from 1863 to 1880, which com-
bined with intermittent underground and open pit
mining to the present has yielded over 260 t of gold
and 6 000 t of silver (Hudson, 1987).

The lodes of the Comstock district occur with-
in intermediate calc-alkalic volcanic rocks of Mio-
cene age. Large orebodies were located along the

plane of , and in hangingwall splays of , the Com-

stock Fault, a north trending , east dipping normal
structure . Other normal faults in the vicinity were
also mineralised , although the Comstock Fault
with the greatest length (11 km) and largest offset
(more than 750 m ), had the largest orebodies
(Ashley, 1991).
Geology

The geology of the Comstock District may be
summarised as follows (Hudson, 1987 ), from the
lowest member ;

Lower Jurassic , Gardnerville Formation , ar-
gillite and limestone .

Thrust of possibly Jurassic age , related to the
early Nevadan stages of the Sevier Orogeny .

Mesozoic , Peaville Sequence: meta-andesite ,
meta-diorite and meta-gabbro .

Unconformity
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Oligocene to Miocene Tuffs , dated at 28720
Ma, mainly siliceous ash-flow tuffs, comprising
from the oldest to youngest. the Mickey Pass
Tuff, the Lenihan Canyon Tuff, the Nine Hill
Tuff, the Santiago Canyon Tuff and an un-named
tuff unit .

Unconformity

Miocene, Alta Formation, =1 000 m thick ,
composed predominantly of andesitic , trachyande-
sitic and rhyodacitic porphyritic flows , flow brecci-
as » mud-flow breccias and lacustrine sediments .
These are the main host to ore .

Miocene, Hornblende Andesite-dykes and
stocks .

Miocene, Davidson Diorite , dated at 17 Ma,
occurring as stocks and dykes , ranging in composi-
tion from diorite to quartz-diorite, to granodiorite
to andesite porphyry .

Miocene , Kate Peak Formation, which com-
mences with a lower member composed of andesitic
to dacitic flows with accompanying stocks and
dykes . During the latter stages of emplacement of
the lower member , normal faulting , mineralisation
and alteration took place in the Comstock lode de-
posits . Adularia from the Comstock and Occidental
Lodes yielded K-Ar ages of 13.77~12.6 Ma. The
upper member of the Kate Peak Formation , which
has the same textures and composition as the lower
member , was deposited on an erosional surface de-
veloped on the altered rocks. The upper member
has been dated by K-Ar determinations on horn-
blende and biotite as 14. 97~12. 3 Ma.

Disconformity : representing a period of ero-
sion and quiescence .

Miocene or Pliocene, Knickerbocker Andes-
ite, up to 20 m thick , a widespread unit over most
of the district .

Pleistocene , Olivine Basalt, dated at 1.14
Ma.

Structure

The major structures that predate , or are syn-
chronous with the mineralisation, are the Com-
stock , Silver City and Occidental Faults . The rela-
tionship of alteration, mineralisation and move-

ment in these fault zones implies that mineralisati-

on was contemporaneous with movement on the
faults. These relationships include silicified ribs ,
alunite-quartz bands, and hydrothermal breccias
and veins developed within the fractures and small
faults of the larger fault zones, and the develop-
ment of gouge, cemented by vein material , which
show numerous episodes of brecciation and re-ce-
mentation (Hudson, 1987).

The Comstock and Occidental Faults trend in
a general NNE direction, while the Silver City
Fault strikes at closer to north-west . All three dip
at 35" to 40°, generally to the east, flattening
slightly with depth . Near the surface they tend to
be close to vertical . These faults have been subse-
quently rotated to lower angles by regional tilting .
Dip-slip displacement on the Comstock and Silver
City Faults that predated, or was synchronous
with mineralisation , has been estimated at about
400 m . The displacement on the Occidental Fault
during the same period is around 100 m . Post min-
eralisation (Miocene ) offsets, based on displace-
ment of the Knickerbocker Andestite , are 400 to
500 m on the Comstock Fault, about 250 m on the
Silver City Fault, and 200 m on the Occidental
Fault (Hudson, 1987).

The later movement on the Comstock and Sil-
ver City fault zones occurred along pairs of parallel
major faults which , with few exceptions , straddled
the earlier mineralised fault zones on either side ,
with lesser displacement on faults between , within
the mineralised interval . The major bounding
faults of the Comstock Fault Zone are about 50 m
apart at depth , but splay out to 200 m at the sur-
face . A number of other post-Miocene faults , gen-
erally of small displacement , parallel the Comstock
fault zone, or have roughly east-west strikes
(Hudson , 1987).

Mineralisation and Alteration

Most of the known orebodies occur within the
Comstock and Silver City Fault zones . A few , in-
cluding some bonanza lodes , were found in hang-
ingwall fractures of the Comstock Fault, while a
few small orebodies occurred in the footwalls of the

Comstock , Silver City and Occidental fault zones

(Hudson , 1987). The vertical extent of the indi-
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vidual orebodies, or shoots, rarely exceeded 150
m , with maximum lateral dimensions of 300 m and
mining widths of up to 45 m. Anomalous Ag and
Au values , sometimes of mineable grade , occur a-
bove and below the main ore horizons as well as a-
long strike . For the most part the Comstock lode is
a stockwork zone. Vein densities vary from a few
percent to nearly 100% of the rock volume, al-
though the density of veining does not appear to be
directly related to grade . Individual veins are com-
monly 2 to 30 mm wide , rarely exceeding 300 mm
(Hudson, 1987).

The mineralogy of the stockwork mineralisati-
on is vertically zoned from a deep quartz , to an in-
termediate quartzadularia to a shallower calcite+
quartz=minor adularia zone . In the transition from
the intermediate to shallow zones, veins contain
The higher lev-

el calcite + quartz &= adularia veins are rarely pre-

calcite which is replaced by quartz .

served at Comstock , but outcrop extensively in the
Occidental and Silver City lodes (Hudson, 1987).

The quartz+adularia zone contains many vein
types. The most abundant consist of coarse
grained quartz with occasional amethyst. Less
common are quartz with minor adularia , in which
the adularia is in the size range of 5 to 500 micron,
occurring as intergrowths with quartz on the vein
margins , while the vein centre is occupied by
coarse grained quartz . Far less abundant vein types
include , quartz + adularia + pyrite . adularia with
lesser quartz and quartz 1 pyrite , all of which are
usually fine grained . Veins are often banded , but
rarely contain more than four stages of gangue dep-
osition . As many as 30 generations of cross-cutting
veins have been recognised (Hudson, 1987).

The ore shoots are located in the upper por-
tion of the quartz—+ adularia zone and extends into
the calcite + quartz &= adularia zone . Paragenetic
studies indicate a progression from argentite Telec-
trum , galena, chalcopyrite =electrum , sphalerite ,
with minor pyrite deposited throughout . This se-
quence occurs within a single band of ore deposi-
tion , and may be repeated several times in an indi-
vidual vein . The period or periods of veining dur-

ing which the ore minerals were introduced is not

known . Associated gangue minerals are quartz , of-
ten adularia , while a few specimens contain calcite .
Manganese oxides ., which are of both hypogene
and supergene in origin, are abundant and often
carry silver. Other ore minerals include stephan-
ite, pyrargyrite , polybasite , native silver , tetrahe-
drite and molybdenite ( Hudson, 1987 ). The
quartz in the Comstock ores typically appears
crushed . Adularia does not occur in the bonanza
lode veins (Ashley, 1991).

Wall rock alteration exhibits considerable vari-
ation , dependent on depth below the palaeo-surface
and distance from a major structure . In the in-
ferred deeper sections of the stockwork mineralisa-
tion in the Comstock Lode, an assemblage of seri-
citet-quartz+ pyrite commonly grades laterally and
along strike into chlorite = illite - pyrite + albite
and/or adularia. Both assemblages are associated
with ore, although neither is necessarily indicative
of ore. At intermediate levels, above the ore, an
assemblage characterised by quartz + anhydrite +
pyritet-illite /sericite = kaolinite is found . This in-
termediate level appears to underlie an upward ex-
panding zone of intense alunite and pyrophyllite .
The cores of these near surface altered zones
formed along faults or large fractures , and consist
of quartz+ alunite + pyrite , sometimes zoned out-
wards to pyrophyllite+ quartz == diaspore 1 pyrite .
These core assemblages grade laterally to a kaolin-
itet+ quartz+ pyrite suite which in turn grades into
illite + quartz + pyrite = mixed layered illite-mont-
morillonite assemblages in contact with the region-
al propylitic alteration. The uppermost zone,
which is preserved below the upper member of the
Kate Peak Formation, is present as a roughly flat
lying layer of cristobalite +-opal = pyrite = kaolinite
d-alunite which may have formed above the water
table (Hudson, 1987).

The regional propylitisation, which may be
related to the intrusion of the Davidson Diorite , in-
cludes two distinguishing suites . These are a gen-
erally deeper albite 1 chlorite - epidote 1 quartz =
white mica==pyrite , and an overlapping , but shal-
lower zone of albitetchlorite+calcite=white mica

+pyrite . Zeolites occur locally (Hudson, 1987).
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Limited fluid inclusion data suggests that the
bonanza ores were formed at temperatures at
240~ 300 “Crelated to meteoric waters (Ashley ,
1991).

For detail consult the reference (s) listed be-
low .

4 B Porter GeoConsultancy Database , #4H#
1B 3] 1994

Deposit description for the Creede deposit, Colorado , USA

The Creede mining district , which lies within
the Colorado Mineral Belt, is located in the San
Juan Mountains of south-western Colorado , USA ,
approximately 260 km south-west of Denver . It is
a low sulphidation silver-gold-base metal district .

Bonanza vein mineralisation was first discov -
ered in the Creede district in the mid 1870’s, al-
though little mining was undertaken until oxidised
silver ore was located along the Solomon-Holy Mo-
ses fault by Nicholas Creede in the late 1880’s.
Mining boomed in the period 1890 to 1893, espe-
cially after the discovery of the Amethyst vein sys-
tem in 1891, with the peak production being re-
alised in 1892 and 1893 . In 1893, the repeal of
“silver-support” by the US government caused the
silver market to collapse . However, mining con-
tinued sporadically until 1955 . Initial mining was
from seven veins, the Amethyst, OH, Park Re-
gent, Solomon-Holy Moses, hangingwall Ame-
thyst, Alpha-Corsair and Monon Hill . These were
mined primarily for Ag , although Pb, Zn and Cu
were also extracted . Gold production was minimal
(Plumlee , et al ., 1989). Most of the Zn was dis-
carded during the early mining . Consequently ,
production statistics indicate a misleading Pb * Zn
ratio . Galena and sphalerite actually occur within
the ore in sub-equal amounts (Bethke & Lipman,
1989).

Historic production from the 1890’s to 1988
was approximately 2 500 t of Ag and 5 t Au, plus
0.15 Mt of base metals .

An exploration program undertaken by the
Homestake Mining Co . in 1963 resulted in the de-
lineation of economic mineralisation in the Bulldog
Mountain Fault zone from a depth of 150 m below
barren outcrop. Production commenced in 1969
and continued until 1985, with 708. 75 t of Ag and
22 000 t of Pb being extracted (Plumlee, et al.,

1989) . Production and reserve figures include ;

4.33 Mt @ 540X 10 " Ag, 15.5% Pb, 4.5
Zn, 0.3% Cu, 1X10 ° Au (Historic Production ,
to 1988, Plumlee, et al ., 1989).

3Mt@ 181 X10 ° Ag (Res., Caldera moat
seds ., 1988, Plumlee, et al ., 1989).

1.36 Mt @ 564 <10 ° Ag, 1.9% Pb, (Pro-
duction, Bulldog Mt. Mine, 1969—1985, Plum-
lee, et al., 1989).

Geology

The Creede district lies within the centre of a
25 000 km’ remnant of a roughly 400 m <500 km
composite volcanic field that covered much of the
southern Rocky Mountains in middle Tertiary
time . This field comprises a lower , approximately
2 km thick volcanic pile , composed mainly of inter-
mediate composition lavas and breccias , erupted 35
™30 Ma from scattered central volcanoes . These
are overlain in turn by 15 widespread , voluminous ,
rhyodacite to rhyolite ash flow sheets aged 30726
Ma, originating from as many calderas . The calde-
ras are spatially related to mineralisation at a num -
ber of centres, including Silverton, Summitville ,
Creede, etc.. After about 26 Ma, volcanism be-
came bi-modal , dominated by alkalic basalt and si-
licic rhyolite , corresponding with the development
of extension on the Rio Grande Rift (Plumlee, et
al., 1989).

The Creede mineralised system lies in the cen-
tral section of the remnant San Juan volcanic field ,
in a complex set of nested calderas formed by the
eruption of 6 major ash-flow sheets between 28. 4
and 26.1 Ma (Plumlee, et al ., 1989). The calde-
ras and associated ash flows during this interval are
dated as follows ; Mt Hope Caldera;: 28.4 Ma; La
Garita Caldera . 27.8 Ma; Bachelor Caldera. 27.4
Ma; South River Caldera: 27.2 Ma; Creede Cal-
dera: 26.6 Maj; and San Luis Caldera: four units
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26.47~26.1 Ma. The six over printing calderas
formed in the locus of pre-caldera volcanoes. The
largest of the calderas is the 30X40 km La Garita ,
with the younger Creede and San Luis structures
being 20>X16 km and 22X20 km respectively . The
four younger calderas are developed in a north-
south trending alignment along the western margin
of the larger, older, La Garita Caldera. The ash
flow tuffs vary from silicic rhyolite to silicic dacite
and mafic dacite (Bethke & Lipman, 1989).

The ore veins of the Creede district occupy re-
activated older faults that formed the Creede gra-
ben cutting volcaniclastics of the 27.5 Ma Bachelor
caldera on the northern margin of the Creede Cal-
dera. The Bachelor caldera was formed by the e-
ruption of voluminous rhyolitic ash flow tuffs , col-
lapse and resurgence , which formed the host rocks
and structures . The younger Creede caldera erup-
ted voluminous dacitic ash flow tuffs, collapsed,
resurged and created a deep moat lake (surround-
ing the resurgent central dome) that was filled by
=1 000 m of volcaniclastic sediments and lava
flows just south of the Creede district at 26.9 Ma.
Erosion cut a deep canyon through the Creede cal-
dera crater wall , and incised the fill of the adjacent
Bachelor caldera. Conglomerates were deposited
within the canyon, forming a channel way for the
discharge of hydrothermal fluids and waters from
the the Creede caldera moat (Campbell & Barton .
2005) .

At around 25.3 Ma a probable cryptic pluton
emplaced below the northern part of the district is
interpreted to have heated, acidified, circulated
and mixed magmatic, meteoric and connate waters
in the Creede caldera moat . This event produced
the ores (Campbell & Barton, 2005).

Pre-Tertiary rocks are not evident in the im-
mediate Creede district .

Mineralisation

The base and precious metal ores in the Bache-
lor Caldera to the north of the town of Creede , re-
present the principal style of mineralisation within
the central caldera cluster of the San Juan
Mountains . In addition, fluorite, occurring with

barite, was mined on the eastern margin of the

Creede Caldera, about 13 km to the SSE of
Creede, while barite and base metals have also
been exploited in the Spar City district on the
southern margin of the Creede Caldera, 16 km to
the south of Creede (Bethke & Lipman, 1989).

Most of the production in the Creede district
has come from open space fill veins occupying frac -
tures in the Creede Graben . This graben extends
from the 26.6 Ma Creede Caldera in the south-
east, to the 26.4 to 26.1 Ma San Luis Caldera in
the north-west . The major host to mineralisation is
the 27.4 Ma Bachelor Mountain Member of the
Carpenter Ridge Tuff which fills the older Bachelor
Caldera between the two mentioned above . In the
northern part of the district , mineralisation is hos-
ted in part by the 26. 1 Ma Nelson Mountain Tuff ,
one of the ash-flows which fill the San Luis Calde-
ra. Vein mineralisation in both the northern and
southern sections of the field has been dated at
25.1 Ma, approximately 1 m.y. younger than the
last volcanism in the area . The majority of the pro-
duction has come from the southern third of the
graben (Plumlee, et al., 1989).

The Creede Graben trends at roughly 345°. It
is 13 km long and 6 km wide. Four major faults
form the framework of the graben. These are,
from east to west, the west dipping i) Solomon-
Holy Moses and ii) Amethyst faults; and the iii)
Bulldog Mountain and iv ) Alpha-Corsair faults
which both dip to the east .

Numerous intervening faults form a complex
network of conjugate shears and extensional frac-
tures . Structural relationships indicate that the
Creede Graben underwent five periods of deforma-
tion, mainly sinistral wrench and oblique-slip
movement . Branching conjugate structures had
dextral strike slip displacement . The fourth phase
of deformation was apparently contemporaneous
with mineralisation (Plumlee, et al., 1989). More
than 97% of the district 's production has come
from the Amethyst, Bulldog Mountain, OH and P
vein systems. The Alpha-Corsair and Solomon-
Holy Moses fault systems, although mineralised ,
together only account for around 226 of the total
output (Bethke & Lipman, 1989).
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volcanic units , due to differential welding , resulted

Differences in the competency of the various

in refraction of faults , with steep and shallow dip-
ping segments being produced . A dip-slip compo-
nent , dominant in the southern part of the district
during the period of vein formation , led to the o-
pening of the steeper section of the faults and the
closing of the shallower dipping fault segments .
Steeper dips were prominent in the competent
Campbell Mountain welding zone of the Bachelor
Mountain Member . Ore shoots tend to be concen-
trated in the dilation zone where the faulting steep -
ens crossing the Campbell Mountain welded zone .
Dilation zones were also formed at strike deflec-
tions to the left, indicating normal /sinistral ob-
lique-slip deformation during vein development .
Some veins carry base metal veins, while others
tend to be silver rich . This is taken to reflect open-
ing during different stages of the mineralising e-
vent (Plumlee, et al., 1989).

The ore zone occupies a narrow , approximate-
ly 250 to 400 m , vertical interval , although ore has
been mined from a near continuous horizontal
strike length of 3 km along the Amethyst-OH vein
system, and 2 km along the Bulldog Mountain
Fault. It has been indicated that sub-economic
mineralisation may extend for over 8 km along the
Amethyst Fault (Bethke & Lipman, 1989).

The ore deposits are mineralogically complex
and spatially zoned . The southernmost veins are
silver rich and gold poor , with native silver , acan-
thite, sulphosalts, sphalerite, galena and copper
sulphides in a gangue of abundant barite , rhodo-
chrosite, quartz, pyrite, hematite and adularia.
Ag * Au ratios are =1 000 : 1. This is the Bulldog
Assemblage (Plumlee, et al ., 1989).

Further north along the OH , P, Central Ame-
thyst and Bulldog Mountain vein systems , the ores
become base metal rich. This is the OH Assem-
blage , comprising sphalerite , galena, chalcopyrite
and lesser tetrahedrite , in a gangue of quartz , py-
rite , chlorite , hematite and lesser adularia and flu-
orite. Gold is present in slightly greater abun-

dance, but is still extremely rare (Plumlee, et al .,

1989).

To the north the vein systems take on the
Northern Assemblage, marked by high precious
metal values, and Ag ¢ Au ratios below 100 : 1.
Ore minerals include electrum , acanthite , pyrargy-
rite , jalpaite , sphalerite and galena , in a gangue of
quartz , adularia, calcite, kutnahorite, rhodonite,
rhodochrosite , pyrite , fluorite , hematite , magne-
tite and chlorite . Higher precious metal levels are
marked by adularia-rhodonite-kutnahorite gangue
mineralogies . Barite is rare, but increases to the
south (Plumlee, et al ., 1989).

Alteration

Three periods of wall-rock alteration are
recognised , all younger than the San Luis Caldera .

i) an early , pervasive , K-feldspar stable po-
tassium metasomatism which affected intra-caldera
ash flows of both the Bachelor and San Luis calde-
ras . It is characterised by K:0 enrichment and de-
pletion of Naz0O and CaO .

i1) a second stage is recognised as erratic
bleaching of vein selvages , also K-feldspar stable ,
but in addition sometimes containing albite . Both
the K-feldspar and bleaching stages are crosscut by
the earliest mineralised veins .

iii) a third stage is intense and comprises a
mixed layer illite /smectite capping to the vein sys-
tems and is part of the mineralising event , yielding
the same dates as the vein adularia (Bethke & Lip-
man, 1989).

Plumlee, et al. (1989 ) record that in the
southern parts of the district , wall rock alteration
in lower and middle levels of the vein systems is
generally minor. There is some silicification and
sericitisation of feldspar phenocrysts ., and pyritisa-
tion of biotite phenocrysts is noted locally . The al-
teration increases to the north , with the volcanics
locally being extensively altered to sericite , pyrite
and chlorite . The upper sections of the veins are
capped by clay alteration, as described above.
These caps bottom in narrow zones along the veins
and blossom upwards into masses at least several
metres wide along most of the vein lengths (Plum-
lee, et al., 1989).

4% B Porter GeoConsultancy Database , FoHt R,
1B %] 1989
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