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Porphyry deposits and Wall rock alteration
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(1) HRBEEES Bingham Canyon, Utah
(R.]J. Roberts, U.S.G.S). Ely, Nevada(A.L Bro-
kaw, U.S.G.S), Bagdad-Jerome, San Manuel, Gl-
obe-Miami, Ajo, Bisbee, Morenci, Arizona. (C.A.
Anderson. S.C. Creasy. W.R. Cooper, U.S.G.S),



Chino(Santa Rica), New Mexico(W.R. Jones, U.
S.G.9),

(2) &rEkegEEYs Climax, Urad, Colorado,
Ouesta, New Mexico(R.H. Carpenter, C.5.M.)
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Map showing porghyry Copper deposit related to
Mineral bell and Mountain prevince it Arizona

Fig. 2.

A ZPk(Wasatch Range)& Aoz 3= Zz
2t = R (Colorado Plateau)9] AEie] 43755 o}
91 o}. (Billingsley(2).

HEMUKSAEEIR S TE2als HEY HEW
(Climax, Urad, Ouesta %), HS4HSEEES FHR
# o] (Bingham, Bagdad, Miami, Chino %) 4%
st o] FEEe] ot

(Fig.1 ¥ Fig.2 2.
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—HREIS 2 PEAGIRHIE /] MBS Preca-
mbrian o BEHFAE(TE 2 WA EHE
D ol E BAMOE N REfoz 93 9
 HERY HHER £ gusld—oxule
(Cambro-Ordovician) 9] HKE @ % 2 rlo] 2§
w21 A] 5] —A 4 v} o} —si) E-7] (Mississippian-
Pennsyvanian-Permian) 9] FIKE, B 2 g
Bt ol & BAY MERAESRTY kil
2R, BRR e BERCE BASY 9=
Kied BALED =E L% A=igse 24 K
Hige] BHA =& #ilslo Jx #=x—g
M EREE (W, 1Y, BT DB

WEEfEe] BE = TEA0E 99 9o} (An-
derson(36, p. 3-16)
HEGERS BREE BE 24 KREAR

#fs}e] Stringham(36, p 35-40)} Livingston(17)
o FrgEel kshd kLA 2 LRRES asst
ATRBAANES BEARY ¥ KRISESEE 24
®1

K-Ar_Ages of Hydrothermal Phase compared with K-
Ar. Ages of Plutons (From Livingston 17, p 32)

Deposits Pluton Hydrothermal phase

g?r ages, K-Ar Age m.y.
1. Bagdad 73, 71 72 biotite
2. New Cornelia 62 73 "
3. Copper Cities 64 63 "
4. Safford 65 53 Sericite
5. San Manuel 69 69 65 | biotite
6. Silver Bell 67 66 63 4
7. Esperanza 5% 61 muscovite
8. Pima 57* 61 biotite
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ZHE BoE e HRARESS W o R—-8
Z423(50~70 m.y Laramide)o]] #Hi iE8) £3
FOHPIEA0~0my) 0 2 K-Ar EfpBlE &3}
o 9E 3 W EREARE KRS BuksE
HEYERT SLIER-& Pifkstz glow] Laramide
o etz FEARIACl &S] BEREl Sl
o] ¥EAlz ek (FE D

Jke RitY BELKR~HEZF Laramide
9 BERRhEEd BAT KRS S BELE B
2o AR BHokSE/ER Hydrothermal Alter-
ation) = 4E§E{LVEFE (Hypogene mineralization)
2 9 ol —KE{LIE (Supergene enrich-
ment)-g- ol FFIRES RS2 Aot

SRRl MRS BEHE 9 g0k Bl
#38lo] &= Titley and Hicks §52£9] Geology of the
Porphyry Copper Deposits o] =}4) 3] Eat= o] L
2 % §ERC HIAE FIRSEUR  AA 3]
Brgeslol lomg &I uvielbe] ARt

AINA = BEFRY BEFS RES 2 e —
Ayl R 5ES] SEREREY IRAE (lithologic control)
3} KEERY IR%E (Structural control)-& FHys] =
A a3 2o

(1 #kS ARE 7] B (cfeldspar) 8
vlo]l B Wi =] -&&] F 4 o] ~(albite to oligoclase)
9 fEHEEEE BT o

(2) FRS —ik =& Bk FHMEe P47
EE FHAEH #igs o =z MIRMRS ol F
2 Aok

(3) kil HA8E AR ¥ MEMARE Al
L 2 EEisHA ®3 BuKBEIER-S 2ot st

W 3E @WK —=KE{LYEA (Supergene
enrichment) & 8 —k4R% &igEHe] o]},

(B WL —f =t HKY BER@ES
Fifpsz 9ot

(6) W& WiaEm 2 45° »uke) et
9] =z}~ =g (thrust fault) (B =2} ~ =8
B 2Bl #Es - mEdtEm 2 60°
~90° fHEPlS] IKTBBEEE (strike-slip fault) 7}
ool A AT WBIVIEE BN BERE, B, S
o] Fg=lo] XEEstz U+t

(D wEEELES BEs]) Rk 9o

(8) & 9 B A B (tectonic or igneous con-
tact) EE o]9 HALE BHRY ARE(brecci-
ated column)r} &&= o] Qo).
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(wall-rock hydrothermal alteration)
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BA M) BEEI SRR FEE Ed #
3 #UKEEYEM ©) .

BT AR A mst BukEEE
BE ks gibarel BEs] btk ol F
Sl SR Bl BEE Bifbez
1k,

2 Bg FRR HAERS Faste s
3 HEEBEEES A MEER Hitd 4
Wroustslom] BMEERY FE 2 2719 gt
TEm=te BRfRe &8RRI 289 dov B4
Higot BEEAS &3] 9dse —Hskz g

Sales(29) & Butte, Montana 9] #ZHo] 4] SEIE
it (ore vein zone)-g HLL O 2 3lo] fie] #E
BHEAS BLE AAS BiEsksls Schwartz
(31, 32, 33, 3O KA BEMEAS} Ko
TEFER BT BEHEHS st g8 29
el #rf #ERE o] Qo] BMEMEAA HIT H
Rl HES, et SEd =2 SbrEaay
MEREGe] #HA 3] BREFIZRE o] 9L Burnham(4)
&} Creasy(6)ol] #3te] A.C.F.2 A K.F.diagram
& EASY & JRS BMEEARS FASY
RFULste BEIEMC] ol " BEfEAEY 7%
EEIHE 580183 2 Hemley(11, 12)Y Creasy
(36)= BUKSEIEAY @ o & BRED
o] BEERS L2Y # NES hloz B
£+ ol EEEEYERS PiFistd g 33
&+ 3 o

okl #oke BA (AAAE slzatdl A K
513 #wk(ascending hydrothermal solution)) 4
ste] REAS SES HRES SR LEEld ik
& BEE BEIA ).

5—1 sy §{t(physica1 changes)‘
UK BIERS o KBEMEY g A3



B BERE @ softening @ bleaching &
T o AHS BE R Bd3e okye
RS

—MRRIo R Boke BAS R B &VEA (recry-
stallization)o] ¢Jo]1} /K (permeability)o] =
kA= (Colon x $#ach. BWEY IEKES 7
HEZYO EE dull white =& grayish 3 HA
] A (soft) 3} = EH(Bleached)q ¥:twmof m:
ARG HALE Yehta ggo] #relw
Kol —&il AE (primary texture) + RiiE
Hel w2z kvl A MkE #Hmes sivy
of BERHZ 9. 2=z &5k granitic,
porphyritic =3+ diabasic texture &= b ORI
BiE= 2 FJHAel & Pseudomorphism o] A &
EHIS 2 BES 2 %] = felted mass == R
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# 3. Chemical Analysis of Altered & Fresh Rocks

FAR Hso z etz 9o
A7IA HEIY HES BOKREEES 2 A
AL Bk 2 A8 (porosity) 7} it
Brp o] HEE FoEoE Holg(x 2)
& 2. A9 HEH(Schwartz. 31)
Cectus (;I-{-—M.ix:é.—Clima; B

-]

Mine
T AE 272 264 2.5
(Quartz Monzonite) |
BEEL BH | 2.52 2.21  2.23

5—2 {b83Y #{t(Chemical changes)

# 3ol A BRI vl 2o] WMEL o
= {LEESY] B LS Jo5) 3z 9o,

2 HY HRS Silica: A3 @pstx

Ly

b= el

Alu-

in Various Porphyry Copper Deposits.

_\A ~ Areas

Bagdad

, - :
St SO | B Newds Atiiong (@ _ | CoetleDome, Arizong
Chemical Comp | I* [ 2 [ 3 |1 |2 [ @ | & |5 (o | 1c EAERIEANAE
S .
Si0, 559. 14161. 75l62. 63'58. 36!57. 95168. 02/72. 31|65. 17/62. 45/64. 49'67. 26!68. 41170. 14169. 20'70. 3370. 15
Al O3 15. 34[15. 81/14. 30/16. 96/17. 52112. 72{11. 33 17.19]14. 0417. 43/15. 89 16. 57(13. 91"14. 33‘14. 53/11.77
Fe,03 3.08) 2.26/ 1.81] 3.11} 3.14] 0.39] 0.17 0.16] 8.18/ 1°84] 0.88 1.16| 1. 93, 1.03] 0.50! 1.00
FeO 3.80| 3.52 2.46| 2.87| 3.07 2.80| 2.53 3.55) 0.36] 1.65] 1.44! 0.53 1.99; 0.99; 1.03] 0.96
MgO 3.491 2.74] 1.21] 2.07] 2.05! 1.38| 0. 85 1.40; 0.76] 1.93] 2.30; 0.43! 065 0.73! 0.59 0.43
Ca0 5.08; 4.17/ 3. 191 6.35 6.46/ 1.511 0.13 0.00] 0.11| 3.47i 1.18 0. 16! 1.87/ 0.25] 0.32] 0.23
NaO 3.84/ 312} 1.29) 3.52 3.34 1.39] 0.56 0.10/ 0.19] 4. 48 3. 10/ 0.78! 2.65/ 0.72| 1.02 0.28
K,0 3.13] 3.41) 3.62! 4.46/ 4.08! 6. 16| 7.91] 6.26! 4.25| 2. 38‘ 3.94 8.37| 4.52 5.53| 6.10| 3.46
H,0~ 1.15/ 154 2.27} 0.47) 0.48 0.95/ 0.40 2. 12| 2°04) 0-44] 0-23| 0.14 0.14] 1.75 1.08| 0.02
H,0* 0.90] 1.07| 1.66] 1.13] 2.81] 1.76| 1.82
TiO; 1.05/ 0.73] 0.63] 0.67) 0.75 0.38 0.35/ 0.63] 0.46 0. 46| 0.37| 0. 32/ 0.59; 0.66| 0.51] 0.43
P05 0.36/ 0.42] 0.12] 0.25 0.11]-0. 25 0.19/ 0.17] 0. 13! 0.21! 0.13 0.13] 0.03
MnO 0.17 0.17] 0.08} 0.01| 0. 01} 0.00 0.09; 0.04 N-D] 0.12] 0.01; 0.02| 0.01
FeS, -~ = =~ — !0.04 1.72/ 1.76, 7.05
S ' ND| NDj 1.58 1.93! 2.92 7.08‘ — 1.35 1.10:
Cu | i NDi ND: 1.10{ 1.38! 0.24 1.21 1.05j !
Bulk 2.7 2.6" 2.6/ 2.65 2.3 2.3 2.8
5:G Powder 2.75) 2.65) 2. ssl 2.81] 2.69) 2.60] 2.99
(1) From. Schwartz, (31) (2) From. New. Div. Div. of K.C. Corp. (3) Anderson, (1) (4) Peterson, (27)
1* average of Igneous Rocks, Clark 1% Unaltered Monz. 1¢ Unaltered QM 1&4
22 #  of 57 unaltered rock 20 "o 2¢ Altered QM 2 Unaltered QMP
32 17 of 80 altered rock 3% Seri-alteration Monz. Bio-Alb-Qz(protore) 3 Atered OMP clay phase

4r "

58 Bio-ortho alteration Monz

6P "

— 8

3¢ Altered QM
Qz-Orth-Ser
(surface)

4 Altered QMP clay-ser
phase
5 Altered QMP Qz-Ser. phase

7_



mina & KRy 23T 8L3lz Ferric oxide 9}
Ferrous oxide = & #| 5] JE4r3}3 Pottasium& &
28] #@indtx Sodium, lime magnesium 2 3] %]
5] et ol fFmel .

5—3  #EpEREY #4k (mineralogical changes)

HEEGRT 2 gl o] RElgme BE
e JAUst sggel wet = B8R Byl
we} 4 el MRS 2R Be EE g
we dshiE oz WA et 2.

Alunite, Antigorite, biotite(hydrobiotite), calcite,
(#h carbonates) chlorite, clay minerals (allophane,
beidellite, halloysite, hydromica, kaolinite, montm-
orillonite etc.) epidote-zoisite, leucoxene, pyrophy-
llite, rutile, sericite o] t}.

ol rh HFENT FEL AR A B
o —BNeE Y BT BEEYE BES
(sericite) 9} k5-+-§5¥(clay minerals)o] o}, o]
EFERRE]A NEARY ERA £z cracks,

T

cleavages =& KT Al e
BAS] Al ERE = Qot Bael HRE 2 9l

ot oole Bk HHKEAS FHel o] EERA
= By RERREE #EFFst glent BE(E

Fiol ©-% mAsH #1754 a8 &Pt 7:1”"1
BES A "

R (Biotite) = HERHE 4 (muscovite pseud-
omorphs) 2 EH ™ OO E HE/LE 5
Hetel MeRS BES MERET BHEY
2 vtz goh. HMERE =8 cracks 1} BT
o 7Pl el wel RO = BAGT. HEREE
(Pyrite) 2 —iRIHL. 2 $HRG) Bk o ghYes]
of vtelvtz gloh. =3 Jasperoid (fine-grained
silica of hydrothermal origin)$} ¥5-+g&%y0] oy
EYE R

2 EE BWENE LHNEEREEE %55
B = HERE argillic $i4-g2 oms e}
gol FEo] o}

sG 28
Sp.Gr.265 R
I~ P
t~156.23 5G23 . ’
Quartz
T~ Orthoclase . : Py o
. FWaggocz‘a-s-e Rl .
',f::,.-—(‘ ~>€=nc:t¢ T
[l SN Betde(ute TTT s
=~ iy ety T Ryei te
- oo oo LAl others ot m
land &Fresh 3 ALt < A& STA
Disgram show: ing chredag.c Changes in the flteration of
Guayltz Monzonile in Castle Dome depos: 1Ts,
Giobe ~ Miami areas, Ariz.
Nite: 1 &2 una.tt'et-ed 3:&1-1’1 monzonite porphyry
itered qua zmn zonite porghyry ) Clay phase
s ’ » Cla -Seﬂut'erhne
> L4 1 Buditz~ Sericite phase
Fig. 3



# BREDS Bkt Peterson(27)0] Castle
Dome deposits o] %3 B3z Fig. 3 o] A FRS
vl FTHEE HRA BES phaseo] ozl K4
B BES ol A%R #ye zE ¢
T Ao

5—4 BEERAC| B (Experimental data on

hydrothermal alteration)

Lindgren (16)-& BF&4EHK-S mesothermal depo-
sits 2 BIESLS o] &= REMLZ EALEY B
871 d = Bk o 238 thiE e (intermediate
temperature) o A ERRE Aok Wo] SIS
4,000~12,000 ft & B 4] 175°C~300°C b=
BelA BRAd ot £8A. 2% Gilluly 9
P 529 Ajo BEIRDIEME mlzrte) HiRfE
& BoK¥EK =) ore formation o {3} LY o]
4ol stot LIRS 23 %% Lind-
grenl o] #EEs} A9 —FstE 300~10,000 ft.
Kl 6,000£t(15 p. 792 #FEA e}, oA
25 TEREEEANA HHd #okgk hydrothe-
rmal ore deposits)o] %3t s WHS WAL
HABRBE/T S-5309 HES B el %)
Rel =z Sldtz REAT S . olo] et
&I fluid inclusions 3} 2 3e] s (hot springs)
WisEel A ore-forming fluid o] H:ike] Bisle]
3] HURRS 2 Slont ARl BokikRE (hydroth-
ermal condition)o] ¥#f3}e] WS F[EEeIA o

(] 1} { t ! ]
0 T W 0oF et 1T
Equitibrivm quetient wkel/muct

Fig. 4—1. Some stability relations in the system
K,0-Al05-Si0,-H,0 Quartz present:
15,000 psi total pressure.

o] BoKBEEE 4R ore-forming fluid
BHE M3tz Q.

EZ BOKBEERC ERES As B B
@ geologic thermometry o] B§3t Wt9e+= Ingerson
(3Dl #Efrsle]l sl 2& M, He,
R (fumaroles) ol A s FBisestA v =
A9 RIS MRIBTAE% 0 2 phase equilibrium
BRER B0 -8 (melting point), 84t (luversion)
174 (dissociations) 23 (decompositions), oA
(exsolutions), 3t (eutectics), KB R o8 (liquid
immiscibility) ¥ #uk & 5% hydrothermal synthesis)
FE BN & BREW SREr g i 823
ol Fste] BEY BHE st F3 9o

Ingerson(13 p. 361)e] fkate] Faks T &Y
9] exsolution temperature = 953 Ao,

Bl #

Bornite-Chalcopyrite  300°C
Bornite-Chalcopyrite  475°C
~ Bornite-tetrahedrite 275°C

Sphalerite-Chalcopyrite 650°C
Sphalerite-Chalcopyrite 350°C~400°C
Chalcopyrite-Chalcocite 480°C
Chalcoprrite-bornite 500°C
- Chalcopyrite-Sphalerite 350°C~400°C
2B T BEEgERC 9ol #Hokel e FE=
(hydrothermal quartz) o] $#3} fluid inclusion o fk
HHIFERER 2 HEFE 82°Cd20°C = ol E
IKEERBTSE 713 wEe Eple o},

360~

Guartz present jn excess:
15,000 psi tutal pressure

L \ \ i Y
1ot 102 105 107 165
wmhaCl /m HCY

Fig. 4—2. Somse stability relations in the system
Nazo-A1203-Si02'Hzo



sBREERRIEA A EET ERUET
2FEHEFELF) Hemley o Jones #hijel K3t
o BUES Ol Mool B 3l oh(Hemley 29. 30)

252 K,0-ALO;-Si0H,0 ¢ Na,0-Al0;-Si
0,H,0 8 % System & Wi (aqueous phase) ol A
BE —sEaA G A 2 e
A EE3He} = stability relations & &5 4—1 Bt
s 4—9 @t 2ok, 3714 equilibrium values &
KCl, NaCl &1 HCl 9] initial molalitier 9] (ko
w2} ooz =F equilibrium of EliESEH 7t
= s, KES ERY WK ARE At
2] 3 equilibrium jRABe] AP Th. AEEGES
jons ratio 2t} ©35]2 KCl =¥ NaCl 9] # molar
9 ratio 7} @& g MAZ o] KY/H' =
= Nat/H* o2 figgs] #P= gle= #uK
SEPERFKERe & B K+ 2 JkFe]-& # Nat
7} BokE B el PHO S T =A &} b3t
AR B2 ZEEE e Stability of Q] factor
7} 28 A 23 HEstz o

$3) o} HENEQl 50°C 9} IEERARAR T A iR
#%) Kaolinite stability curve 9| 5B EAEVT
Hhgy e Es R HEER o] superg-
ene enrichment ¢] YABEEo| A pyrite oxides 7} sulf-
uric acid & Akste A ¥l&% P-T BTl
= high g* o] {Z&M #EE 2 AL A+
\EES 2 HEkY T FHEOIH.

K;0 ¢+ Na,O System o] {LEBNHE BB &
3 Zow] o (LEBNENS BE#EDel Byl
B wrel £RHE Y= B'EiE(alteration ph-
ase)-g HEslEE =& F3 U

K,O System (Fig. 4—1)

K-feldspar Muscovite

9/3 KAISi,05-+ H*1/2 KALAISI;0,0(0H), +3
Quartz
Si0,+K+KALAISi;0;0(OH),+H* +3/2H,03/2
Kaolinite
AlSi,0;(OH),+K*

‘ Pyrophyllite
K AL, Al1S1;0,,(0H),+ 3510, +H*3/2A1,51,0,,(0
Kaolinite Pyrophyllite

H),+K*AlSi,0s(OH),+2 Si0,<ALSi,0,,(0H),
+H,0

Na,O System. (Fig. 4—2)

albite Paragonite -

3/2 NaAlSi;0s+ H*1/2 NaAl;Si;0,,(OH),+3 St
Paragonite _ o

0,-+Na+NaAl;Si;0,0(OH),+ H* +3 Si0,3/2 Al,
Pyrophyllite albite
$1,0,0(OH),+Nat1.17 NaAlSi;Og+H+ 0.5 Na
Montmorillonite
0.33 A1233 Si367010(OH)2 +1.67 SiOZ +Na+3Nao

Kaolinite

33 Alygg SiggrO10(OH), +- H -+ 3. 5H,0¢5 3. 5ALSi,

: Andesine
O;(OH), +4 Si0O, + Na* 0. 75Na,CaAl,Sig0,, + 2H*

Sericite

+K+=KALSi;0,,(OH),+1.5Na*+0.75Ca*++3
quartz
Sio,

Andesine Kaolinite
Na,CaAl,Sis0,,+4H*+2H,052 AlSi,0,(OH),+
Si0, +2Nat+Catt

5—5 A0 —AhYIRE (generalization of

hydrothermal alteration zone)

Bokel K3 RS BMES —tdds A
2 - o Aol ek o]e] It E o
BEEe REAA A £ AR #E
S BEsl —fR kst o)W BEAHCl HEILIE
B b EmEEs BRRE M dertE B
el o sk e E REEE At

Bonorino(3)£} Tooker(37)+ Front Range min-
eral belts o] #8}o], Lovering(19)-8 East Tintic,
Utar o #f8lod, sales(29, 30)& Butte, Montana
o] #f3}o] Schwartz(31,32,33,34)E San Manuel
< YAt KR ERIEHS AR H
she] fREY HUKBEIERC Hted BiFstal.
o] 52 T BMEATS] MEREEDCl =tet BuKEHK
9] channel way & HLL SR Ao 2 1A 2
Aol 2 Zone o & [E4Eu}l K5 Sales(29,
30)7t #RE —fkfbel MEst> om KL
RS o] —f{kE EBD BVEAFE RESH Hst
w2 ool & # EhESL S H.

B Fig.6 ol RS wieh 2ol

1. fault or structures and veins zone

2. Ouartz-Sericite zone

3. Argillic zone



" 4. Marginal transition -zone

5. Fresh zone -

aavel B YES BUE M B
L8t HREYS SEEL & 6.[@el FIARE vk
st 2, |

olslo] st A A7t BT} 2] Burncam
(43} Creasy(6) & facies {22 st ACF.
9} AKF diagram ¢ f&fisle] EES = BIR
 REtLste = AEs g ch. Creasy(6): 3
FEIRS] MERS D propylitic @ argillic @ pot-
assic © 8 =K4y8lgl = Burnham(13)2 @ argi-
llic @ phyllic om ZK4Eul argillic type of
propylitic-g- sub-type 2 phyllic o] pottassic 7}2]
HESZ 3ol o}F Fplstt.

o]Al Creasy o #%%E 2wl

1. Propylitic alteration zone

ol & th&9] 4 assemblages & }E}1}E w}
@ Chlorite-calcite-kaolinite, ) Chlorite-calcite-tale
® Chlorite-epidote-calcite @ Chlorite-epidote =
chlorite-calcite, epidote 7} 7}#} wko] #zx=s]w] Sp-
hene, leucoxene = wA o 7 #EKE 3 9.8
¥#ol k. Propylitic zone & Sales ¢ marginal

transition zone 2} -4 F-F= uo} Hlstco)r.

2. - Argillic alteration zone ' S

o] alteration zone - clay minerals(kaolinite =
< montmorillonite # %5485 9 TS lime
4 3%t leaching o E3 o] H#olc}. o] Fny
o LER FYHESEE JehtbEs muscovite-
kaolinite-montmorillonite 9} muscovite-chlorite mo-
ntmorillonite o] o}, o] &= =% FEist HEES 5
Aot vk, kB2 muscovite-kalolinite-chlorite-
montmorillonite &} 4 {8 =5 ZSEIRAEY o
Sl2v 2 hypogene meta component chalcopyrite
7t BEESI E S

o] zone -& Sales 9 argillic zone I T FER
2ot Flste}.

3. Potassic alteration zone

o] alteration zone 2 quartz-sericite-pyrite o] A}
BURAEE HHRY Ae A2 biotite 9
k-fedlspar 7} key mineral o] o}, potassic alteration
= Aol = 400°C~480°C Ll koA dojrie 3|
RAL =2 K AEHE clay mineral 3 -
kel Biotite. @ k-feldspar = unstable kBB ©

2 clay minerals & 9l® g™ k32 5 alteration

Generalizat .
Hydrothermal Wa\\fr%r,b'&mm‘i’ea-a‘t\an

2pne

Kasline

Creoss

Cectlion

Zonol Fit [Siticic]Sencitic
Pitern v’ém Zone | Zene Zsne

zcaef™ 027 Sev i Rrgitli

Modified from Sales (T5)

/, /,‘(\,,s
AN
/2 YW AN
///'\\ LA

Montmarilionity Bio ~ Chi. Fresh
Zene Lene Tane
K 2.one ¢ M.T. Zeed Fresh zone

SPec;fif. 723 S

2.40
58
Gravimetric T’\i\
Mineral 25 "“ /,/ Y ERa Sy ‘\e‘
° T ﬁ"‘—- B i g S -.vJ”'__“é&\K”‘:
*Se, o
Metal Goritent T
Cu 3-8 V-2 0.3-0.6 |0.06-0.1} . - Porphyry Cu dep.
Mo Pli-sl 03-06 | 0.06-00l 00003 Tr :-» v Y"YM!
Nete: Fit: Fault , 92 : Quartz Ser.: sericite , Ry : Pyrite

Kasl. : Kaoline , Mont. : Martmerifionite

M. T: Marginal transition,

Fig. 5



zone $}= A4 EH=E . o] zoneod]AE hypo-
gene chalcopyrite 7} WA Yk o 2 Pyrited} o
2ol eracks, HFAREMS) AN E ek 2E
kB9l albite sericite, 3= quartz -seams -2 ¥}
7} y#iste] Ajo, Bagdad i} San Mare:l gfsel
A ZRERERY SFel = BAEAZ Y.
o]x Sales 8] Ouartz-Sericite zone ¥ —F{3}aL

ot
6. #%/{t4EF (mineralization)

REFMY WEFA S BRI Y& ELEY
—K, #Hok 223 ZkiyQl EPES B

& o] Rz A& ¥ Wl SEREYS B [
B HERE o) Fx U

15 %0 BUES BLERARH ==t —X
SRILTERST —RELIERSE vrol 2 RERY
d A& BEgstzA gt

[}

6—1 —R ZH{LVEM (Primary mineralization)

chalcopyrite (CuFeS,)7} AEIAS KA
hypogene zone ] F RECHEDCI= FWEML
Hifbs ol k. Pyrite(FeS,) =3 ILEYE
A 7€ chalcopyrite 8} ¥} &3t AR f3tx 3l
Ioo] F HiLHEYS Siuike. 2 2= = fracture
@ Cracks 1} veinlet 5o coating §o] EH S}
Z ok, KES S-S veinlets Fol YR
mass o] FEiZE o] ¢z o] veinlets &2 Phyrite,
chalcopyrite =] = 4*&¢] molybdenite,(M,S,) =
gl 3 o} F HEY galena,(PbS) zine(ZnS) Silver
ADES BBtz gt o9 WAk S #
Y52 Bornite(CuS) 7} chalcopyrite &} BiHE =&
StrEshel EME] Yol —gH9.% molybdenite
mineralization ] veinlets 1} = FEd] o}F T
Kike 2 ggeslel JdAY BEM HEVRS
2 etz 9. Climax §%5Ko] & veinlet & n}
2} scheelite(CaWO,) 7} BE#Estz et

6—2 — E{t¥ER(Secondary enrichment)

ol & MILVEM} HFEELIEH (oxidation and
supergene enrichment)-g& &&3sle] A4 SR
ol A BEE BiTHERC Sz RiEE =2

Kol BEAEYEE  HESE (chalcocite, CuS,)F}
Covellite(CuS)7} Folv] o] & 488 AN T

Churn-driit hele of West ore body
: No. 64 Ho. 84

Copper (%) Copper (o)
° 2 3& eO i 2 3 4
Tols
Fert .Ea??é'*;. et
calidels Leach pd
> Cairirg
T T 4 vos
-g,é 1
/’ . 017
f Choleboite oK jdes
2001 "Sion g €99 i 2dne
=] R -
% =
-
300 00,
- ?f_.,._ Challcodite
7"‘- pogene 2one
45 i
} Hypoy
. 800 Pivtere |

Fig. 6. Assay graphs of churn-drill hole,
Bagdad mine.

E b4 2 @fivh gelxla gk ol #A
S84 chalcopyrite 1} Pyrite & ZZf\3 WA HE
Prol™ BR{L&ASEY = Cuprite(Cu,0)7} chalcocite
o] ER{LEEDIE. RESle] o] 4 malachite(CuCO,
Cu(OH),) azurite (2CuCO,;Cu(OH),) Chrysocolla
(CuSiO; 2H,0), Chalcanthite(CuSO,5H,0) % F5
ke BRI Bt g

S kAP chalcocite & fEYuiko =
veinlets 1} BEMO] S Uz BRILAS TR
fffsell &= Cuprite, chrysocolla, EsR#He] 47q3}

Z JeZe] Lol .
6—3 Wik5 % (Zoning)

EE7 BES = o749 Zoning & C.F.
Park Jr ¢] Symposiun of problems of postmagmatic
ore deposition of #F3E Zoning in ore deposits
(Vol. 1 p. 47—51, 1963)=} on the definition of
zoning and on the relation between zoning and
paragenesis (Vol. II. p. 580—595) #i&3 &%
ol & BBl o] —RINLE MERHEKSS R
s}7] FEste] il A MHAEEA WAl S
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Fig. 7. Diagramatic sketch Zoning of typical porphyry deposits.

LD AFR B == HEdA B &
REMAA Tz 7FA Haines Jeie
AHAREE Fol vrol Bo= HEEE BEHR
RBoll i3l HfFe] 7)o = 3= Ao]x] Horizo-
ntal o] 1} paragenesis 9} BRI/ 91-¢¢ 98l E
}.
USSR Sl —fREyo. 2 el E zone
< SR _E¥IA (B Fig.)

1. gossan ¥ 3 limonitic zone

2. Leached capping zone

3. oxidized copper zone (Cuprite zone)

4. Supergene Copper enrichment zone(Chalco-

cite zone)
5. hypogene Copper zone(Chalcopyrite zone)
6. Protore.
il zone Fi 2 BATHRe H2 Y& cop-

per zone 2 3, 4, 59| zone & Z 500 {t o] 4] 2000
ft o) ¥EREFE slx]z 9l o] San Manuel, Bagdad
%2 E= Chalcocite zone 2 Bingham, Morenci
%2 E£= Chalcopyrite zone-& B3}z 9t}
EJE KRS $ERS 100~200 ft ¥ERfES] lea-
ched capping zone o] 4375 Zul o] 9] Ko A
9 Bk el HIRS A9 Zeh 24 g
highly iron-stained, porous, siliceous mass = v}E}
dz gtk ok x MES HEES AhTT
Aot F3) Bk —Ee Bk ki
SE BT BET Yot Y fEste) Hx g
ot. leached capping¢] #3}9j: Locke(18)9+
White(38)o] fk3le] BEdifstz EEQE BRE
7b #&FS o) vl ol Bt e ohS g
SO A B3 AL gk

7. Hb{LE8(Geochemistry)

PEES MUK A2 e H{bE
&% (geochemical propectings or exploration)o] %
3}ed = Bloom (36 p. 111~119), Clarke(5) Han-
suld(10), kelley(14), Motoaki(22) Titiey(36),
wilson(39) el {k3te] PEEFEK ik BHAER
W EERRYel BES, Ehy 5k el BigE BEH Y
o},

Ao 2N gfig HEsd #Ee FXRE
Hila v HEES SRS ERS WAt 3L
+ A°)H o] BWE LM W BES vz Y
= fEP)(vegetation) & o] 4ESZ Y= &
RSy st Bol el o= SMELEHES 29 ZEA
ol MIFEEMITIKE LEIRC =+ EfkY B
B o8 (LEBIERL Z $BE-2 leached away
Al A B e BLiES HEAZ R
2

of et Zro] el e HHlA EETKEY
oAt Bl =& BLE BRI} o] HHt
BEE RE}T FESS £ PiEgoezAq
SR Rl FRSE £ Aeloh. o)A HESER
of Slof & B = vl MEEN HHEES
BEoty HEE AT R BERd H3d B
=A; gtet.

7—1 $#(Copper)

el B Ye 49 HFE KRS
SAel MBS 80 ppm, HEE:MUE 140 ppm B
HTIE FflEe] 30 ppm o] 75 70 ppm o] =
Rl Slol HIKE 5—20ppm, ¥ 10—40
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Fig. 7. Diagramatic sketch Zoning of typical porphyry deposits.

By SHEES B e mRAA B HH
K REAA FTHE 714 HEgmes Jehte
AREEE Fol el B2 HEEHR EHR
Beol %3 RO 7)o 2R 3} A o]x] Horizo-
ntal o] v} paragenesis S BEA §l-8s WHE
o},
BRG] Slo] —MRIYSE el zone
& SR EiBel A (Em Fig.)

1. gossan ¥ ¥ limonitic zone

2. Leached capping zone

3. oxidized copper zone (Cuprite zone)

4. Supergene Copper enrichment zone(Chalco-

cite zone)

5. hypogene Copper zone(Chalcopyrite zone)

6. Protore.

k3 zone Hi EE BfFERO] HL Y cop-
per zone & 3, 4, 59] zone O E 5001t o A 2000
ft o] JEEEE s}z 9 o= San Manuel, Bagdad
#z0 2 Chalcocite zone & Bingham, Morenci
#20 2 Chalcopyrite zone-%- BZEstz ot
wE K SRS 100~200 ft PREEFES] lea-
ched capping zone o] £377E] vt o] o] B 7]
o Fe REES RS A9 Zet 5 Y=
highly iron-stained, porous, siliceous mass & 1}E}
dxz k. o]lE E MES MRS 3T
gloit HEsl B —fY B{twed Eid
o7 BT BiEE Yot B fEetel Hz 3l
t}. leached cappinge] #3}¢]¥ Locke(18)%}
White(38)o] fk3te] EiiEstz ®EELE H%
7} B Ll oo HldE oh REIE
$1EA A BRI A gt

7. HhiLEA(Geochemistry)

BEEM BEKEAEIKA MERE 2 Slv H{LERER
4% (geochemical propectings or exploration)e|
3}e] & Bloom (36 p. 111~119), Clarke(5) Han-
suld(10), kelley(14), Motoaki(22) Titiey(36),
wilson(39) el {kste] HAHER BRSECl HAR
RS KEe, TER Hik o) Bk BERAY
o},

o zuE A2ER LTS S5 FRE
Helz 9 RS 2BAEES Wtz I
& AolH o] Wt we BEL ALY
= HY(vegetation) = fifie] AE}L AT &
BRSO Rl 9k o B{LEHEE HdERA
ol HEHHMT/KE LEERd =& Bl A&
LR o8 {LEBfEfRo 2 &BE-S leached away
AA B RS W BAEE EHEAE Aol
o},
o] 9} zro] el of# oyl A EETRES
nAeet BEhl B BbE EEI= o At
BEe RaEste FEES £ PidezA
Gk POl EAsHEl e Aclth oAl HEAFK
o 9ol & 2 =mEluwle) WEBH HHEEE
Zrrsly HEE BAT B Higd HIo M
=7 gt

7—1  $A(Copper)

el AEE el AE #Y HfE kBREd
9lo] iBEELES 80 ppm, HEELM:E 140 ppm R
PETHZE FRfEEe] 30 ppmo]w ¥ 70 ppm o] L
Hagse glol AKE 5—20ppm, BE 10—40



pH Predominant  Proposed " - -
Speies Prpducts Designation
1.0 Fet+4 3HM004‘—?F€(HM004)3 A

1.0~2.4 Fe(OH)**-+2HM,O;~—FeOH(HM,Q5), B
2.4~3.2 a) Fe(OH),*+HMO,—~Fe(OH);HM,0; C
b) Fe(OH),*+OH —Fe(OH)s D
2.4~6.2 Fe(OH)3-+ (3-n)HMyO4~ + (3-n)H*==Fe
(OH)n(HMO4)3-n" +381(H,0) or Fe(OH)
(HM04)3-n® +3m(H0)
WX@Y .

o} #3 Molybdenite(M,S,) &= BR{LIE 1K
3t e Ferrimalybdite(Fe,0;M,0; 8H,0) =
5ote] ZAES Mi—2] Molybdenite o] BR{LgEY =
ol Qivha "o} kiAol 3] Ferrimolybdite
£ pH o Eh o HEfsfel =k B 3% R
oA deolzl o7 BMRILEYIE 7E4E o] L= A
Ferrimolybdite o] 4] ©}A] 210}zl _|-&de] Proposed
products 5-8- Akaganiite 2 #4535}z o] Akagan-
iite &= lepidochlosite gossan © 2 Wfsgste] ule]
4.

—RHYL. 2 Molybdenum o] #iHtol e k
Bgel Skl HEENE 0.3(ppm) BN 1.5
High Ca granite 1.0, law Ca granite 1.3 o]
e A9 2.6 A% 0.2 AR 0.4015. +
e PR 2ppmol . 28z EoA M-
olybdenum ¢} mobility & wm =z un S
=9 pHel EHGIstZ glch. Ward o] gzl
el &3 2o

pH Mo in water(ppb)
7.4 18
8.2 34
8.4 270
9.0 340

T BEAFR Yol FRITHES Molybdenum
o LBl FEkel ¥l =% Rhenium (7555
78 & [EHizE A A W.Mo.Mo. Tc of #e] Q=
TCRE Hatho] Al TS Q1. Fleischer
(7.8l fk3bal HEEGER] 9lo] SGRe Mol-
ybdenite o] %3 Rhenium &0 o33t g
o},

Locality
Bagdad (U.S.A))

Re(ppm)
0—50

Miami. (. » ") 150—¢88
Binghém C » ) o0—50
Nevada ( » )J' 1030
Cananea (Mexicsy)‘ 100—150
Aigedozor(U.SSR) 780

© Molybdenite ) &S BRgkKA gk

ReZ 74 sEmeln gl ppghrkme) 2

Bl 2 BRI 92 9.

T3 WL e S5 WA

SolA FEE Y = ngo) I —iy
ol MALER S MBI A S B e
Bl ol BIste] ZESH AT, Ripel o ho
HALBEE A ko] AHAX] A 2o HErDo] B
A2 ER IO WSl o rmsk
RO AdA Binska 9o ol Apz rhy
o HEASK PEO] SO HTIiEl 82 oo

7—3 LR EHol M2 {ER

B BERA L 422 #fbEe 9= q7
B Bl A BRRHRES ) IEAEA BRI
A7t AT Rl AT B 217t o
T Qe BB BEEe) ek m{biEs o
B 7k =%kfyel H{EE8 Rhenium dispersion E[I
K, WIRHERY) +, Y S B 2B
BEE ZESZ Qe FEE Efslad o
7R LB kel REIH ) A28 pHA &
REAT. ol & K “kENYS BT 4t
BIIL 2 JKRIES LB HMS 4 = e
2.2 FRS Y. pH = agueous system e
B9l BREERE (acidity) =& o 2be) s (Alkalinity)
E ¢l Eh & aqueous system ] A BME
ET #ILY potential o) o}, MKFERIRE Eh o H
FETEE Sl Rsr 2 gx 714+
PH-Eh 7} Zls Begol A= 2 9 —Fe 1
frdtaat g},

BBUAY == 4PEETE(Sub-outcrop)d] &gk ik
8 BiEs SIS we Source o} WEe
Bl Aol BB HEMS Skitrrme we mi
3 o2l 7}=] dispersion media & *£2 {(hEBHql
EEIE Folol @), z”om —KHiLeEy
o BALIES SMel-2o WiBhiho] Zis ook
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Fig. 9. Relative mobility of Copper & molybdenum in Dispersion media,
Typical of Porphyry coppreDeposit

g},

Hansuld(10)9] Bigeel &3l 9 ol A v 5
L oule} o] BEEMAMDKESASEAHIEA ol A
)2 dispersion media 1-iE7} HFEKE 13 mo-
bilities & =+ #BAAF2 Y},

K2 S{LrEA-S O BEE
Mol B KA BRLE #eol
=7 W Eo #@E SEIEAS st
RubE RS FhdAx olx e M SEE
o] BhEl et st bl mEleRe MK
o A= v E $H9 ¥R (Copper solubilty)7} o}
Z BiRE o] i =] =l drainage system of A] & F4]
3 #mEre] #e SERE mR kS B
b2 e Eigmlvke &3l BEiEeE T4
FTHE ERE =z Qo i meludly ZEE
RS Hkste] vl =2jusle REEgHydn-
mobile)ql®] ol S HEREy Mgyl =, ¥
22 mElude REWeE BREAE HEES
o] iz 25 (Acid Molybdate) 0. 2 FEEHIE =
Qo e HEE WMSE7) AEel leached

2

away |3 wlvh. REEZ dvhE ik HFEHK A
= 9 BMET W] fREY dv KE =
CPlEElY Y MiBhYel mElMElelE Fo]e
(molybdate anion) ¢ 2 EEHE ., 2¥ o7 B
FtolA meludl EHES SEKAMSETERES
BRES fedt Bt A = (targets)7; = 47t
PRI A ==l B SRR $1t
ERS ol o] EEERT J = v ol &
ohA] HElA] meladl e EEYLE HEFR
bR o] FBRTRE 3L I ¢
+ Eh-pH o] #& HHS M3 & #5571

= g
8. &

WE AR AR Sfst BES 24
FEStZ e KBER [BEF tectonic frame,
igneous history & W& B ME ¥ SKRE
of ol SELIEM %43 RV KRE(IERA B
{LYEFSE #stel A TEEsISZld & Be
of 2] #5ESH L HifkEe] gle]A = Eh-pH

il



2] #HF secondary dispertion ¥ £ gEMo] sta

bility %o #otd = oA Hseste] H Bo) o).

—REYL.  5ERI BHIAZ BBE 2 =%
BFRAA gelzl geologic setting, alteration

pattern @ metal distribution pattern 28 BER

ohe] BRI B WEEAE e 2

EBE w7l R REe mE o ks,
BIAHT %9 HABIRE Bl A e GRS

= T o 29 BEMRS 2

AL B A8de ohlg 28y 9%

AL dvhe FAE KBS e Bhse

A7 ko) S 7kx] BB E PR S

98 R E 229 WERES A REted

FE Bl A S REUKS BEEEKS olol A
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