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DESCRI PTI VE MODEL OF KUROKO MASSIVE SULFI DE
By Donald A Singer

APPROXI MATE SYNONYM Noranda type, vol canogenic nassive sulfide, felsic to intermediate volcanic
type.

DESCRI PTI ON Copper- and zinc-bearing massive sulfide deposits in marine
vol canic rocks of internediate to felsic conmposition (see fig. 145).

GENERAL REFERENCES |shihara (1974), Franklin and others (1981), Hutchinson and others (1982),
Chnoto and Skinner (1983).

GEOLOG CAL  ENVI RONMENT

Rock Types Marine rhyolite, dacite, and subordinate basalt and associated sediments, principally
organic-rich nudstone or shale. Pyritic, siliceous shale. Sone basalt.

Textures Flows, tuffs, pyroclastics, breccias, bedded sedinent, and in sone cases felsic dones.
Age Range Archean through Cenozoic.

Depositional Environment Hot springs related to marine vol canism probably wth anoxic marine
conditions. Lead-rich deposits associated with abundant fine-grained vol canogenic sedinents.

Tectonic Setting(s) Island arc. Local extensional tectonic activity, faults, or fractures.
Archean greenstone belt.

Associ ated Deposit Types Epithermal quartz-adularia veins in Japan are regionally associated but
younger than kuroko deposits. Vol canogenic M, Al goma Fe.

DEPCSI T DESCRI PTI ON

Mneral ogy Upper stratiform massive zone (black ore)--pyrite + sphalerite + chalcopyrite
pyrhotite + galena + barite + tetrahedrite - tennantite * bornite; |ower stratiform massive zone

(yellow ore)--pyrite + chalcopyrite * sphalerite + pyrhotite + magnetite; stringer (stockwork)
zone--pyrite + chalcopyrite (gold and silver). Gahnite in metanorphosed deposits.
Gypsun anhydrite present in some deposits.

Texture/Structure Massive (>60 percent sulfides); in sone cases, an underlying zone of ore
stockwork, stringers or disseninated sulfides or sulfide-matrix breccia. Also slunped and
redeposited ore with graded bedding.

Alteration Adjacent to and blanketing massive sulfide in some deposits--

zeolites, montmorillonite (and chlorite?); stringer (stockwork) zone--silica

chlorite, and sericite; below stringer--chlorite and albite. Cordierite and anthophyllite in
footwal | of netanorphosed deposits, graphitic schist in hanging wall.

Oe Controls Toward the more felsic top of volcanic or vol canic-sedimentary sequence. Near center
of felsic volcanism My be locally brecciated or have felsic dome nearby. Pyritic siliceous rock
(exhalite) may mark horizon at which deposits occur. Proxinmity to deposits may be indicated by
sulfide clasts in volcanic breccias. Some deposits may be gravity-transported and deposited in

pal eo depressions in the seafloor. In Japan, best deposits have nudstone in hanging wall.

Wathering Yellow red, and brown gossans. Gahnite in stream sedinents near sone deposits.
Ceochenical Signature Gossan may be high in Pb and typically Au is present. Adjacent to deposit-

enriched in My and Zn, depleted in Na. Wthin deposits--Cu, Zn, Pb, Ba, As, Ag, Au, Se, Sn, Bi,
Fe.
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EXAMPLES
Kidd Creek, CNON (Wl ker and others, 1975)
M. Lyell, AUTS (Corbett, 1981)
Brittania, CNBC (Payne and others, 1980)

Buchans, CNNF (Swanson and ot hers, 1981)

GRADE AND TONNAGE MODEL OF KUROKO MASSI VE SULFI DE
By Donald A Singer and Dan L. Mbsier
DATA REFERENCE Mosier and others (1983).

COWENTS Includes all deposits listed by Msier and others (1983) that are associated with felsic
or intermediate volcanic rocks. Tonnage is correlated with copper grade (r = -0.17) and with gold
grade (r = -0.19, n = 238). Zinc grade is correlated with |ead-grade (r = 0.55, n = 184) and with
silver grade (r = 0.52, n = 249). Lead grade is correlated with silver (r = 0.55 n = 153) and
with gold grade (r = 0.34, n = 124). Cold and silver grades are correlated (r = 0.39, n = 227).
See figs. 146-149.

DEPCSI TS

Nane Country Nane Country
Abeshiro (Sakura) JAPN Bel | Allard CNQU
Adak- Li ndskol d SVDN Bel | Channel CNQU
Af tert hought USCA Bi dj ovagge (A) NRWY
Aijala FNLD Bi dj ovagge (B) NRWY
Akar sen TRKY Bi dj ovagge (C) NRWY
Akkoy TRKY Bi dj ovagge (D) NRWY
Akulla Vastra SVDN Bi g Bend USCA
Al bert CNQU Big HII USME
Al der mac oNQU Bi nghant on USAZ
Alard River CNQU Birch Lake CNSK
A magrera-Lapilla SPAN Bj or kasen NRWY
Amulet A CNQU Bjurfors SVDN
Amul et F CNQU Bjurliden SVDN
Anayat ak- Cakmakkaya TRKY Bj urtrask SVIDN
Anderson Lake CNWN Bl ue Ledge USCA
Angel o AUVA Bl ue Mon USCA
Anne NRWY Bodennec FRNC
Ant | er USAZ Bol i den SVDN
Arctic USAK Bossno NRWY
Arnstrong (A) CN\NB Britannia CNBC
As Safra SAAR Bruce USAZ
Asen- east SVDN Brunswick No. 12 CNNB
Asen- west SVDN Brunswich No. 6 CN\NB
Ash Shizm SAAR Buchans (LS-Roth.) CNNF
Austin Brook CNNB Buchans (MLean) CNNF
Avoca [RLD Buchans (OB-Orient.) CNNF
Aznacol | ar SPAN Bully HIIl-Rising St. USCA
Bagacay PLPN Bur si NRWY
Bai | ador es VNZL Canpanari o SPAN
Bal akl al a USCA Canadi an Jami eson CNON
Bal d Muntain USME Canoe Landing CN\NB
Bandgan PKTN Captain CNNB
Barrett USME Captains Flat AUNS
Barrington Lake CNWN Cari bou CNNB
Barval | ee- Mbgador CNQU Carpio SPAN
Baskoy TRKY Castillo Buitron SPAN
Bat hur st - Nor semi nes CNNT Castro Verde PORT
Bawdi n BRVA cc CNBC
Beat son USAK Cent enni al CNWN
Bedford Hill CNQU Chest at ee USGA
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Chester CNNB Gersvik NRWY
Chi sel Lake CNWN Col den Grove AUMA
Cinton CNQU Goodenough CNWN
Conception SPAN Gay Eagle USCA
Coni go CNQU G een Coast CNON
Copper Crown CNBC Geens Creek USAK
Copper Ceorge AUVA Gul I bridge CNNF
Copper Hill USCA Hacan TRKY
Cor bet CNQU Half Mle Lake (SQ CNWN
Coronation CNSK Hal I wel | CNQU
Crandon usw Hanaoka (Doy.-Tsut.) JAPN
Cronin CNBC Hanaoka (Mats.-Sha. ) JAPN
Cueva de la Mra SPAN Hanawa (Aket.-Csak. ) JAPN
Cupra D Estrie CNQU Hanson Lake CNSK
Cuprus CNWN Har koy TRKY
Davi s USMA Heath Steele (A-CD) C\NB
Deer Isle USME Heath Steele (B) CN\NB
Del bri dge CNQU Heath Steele (E-F) CNNB
Despi na CNQU Her cul es AUTN
Det our CNQU Herrerias SPAN
Devils El bow CNNB Her sj o NRWY
Di ckstone CNWN Hi gh Lake CNNT
Don Jon CNWN Hi xbar PLPN
Doubl e Ed CNBC Hoi dal NRWY
Dunagani CNQU Hood River CNNT
Dunont  Bour | angue CNQU Hor ne- Quenont CNQU
Dunr ai ne CNQU Hunt er CNQU
Dut hi e CNBC HW CNBC
Dyce Siding CNWN Hyers |sland CNWN
Early Bird USCA [ron Dyke USOR
East Sullivan oNQU [ron King USAZ
Ego CNON [ron Muntain USCA
Enbury Lake CNWN I rsahan TRKY
Ener son USME | so- Magusi - New | nsco CNQU
Enpire Le Tac CNQU ['srail TRKY
Errington CNON [wam east JAPN
Estacao CNON [wani west JAPN
Eul ani nna AUVA | zok Lake CNNT
Eustis CNQU Jabal Sayid SAAR
F Goup CNON Jakobsbhakken NRWY
Farewel | Lake CNWN Janel and CNON
Filon Sur-Esperanza SPAN Jerome USAZ
Fj el dgruve NRWY Joanne CNWN
FL & DH CNWN Joliet CNQU
Fl anbeau usw Josselin CNQU
Fl exar CNSK Jout el CNQU
Flin Flon CNWN Kal kanl i TRKY
Fonnfjel | NRWY Kam Koti a CNON
Fox CNWN Kamtkita (Kom nosawa) JAPN
Freddie Wells AUNS Kankber g SVDN
Fretais PORT Kedt r ask SVDN
Frotet Lake CNQU Kel | y- Desnond CNQU
Fukazawa JAPN Key Anacon C\NB
Fur uhaugen NRWY Keyst one USCA
Fur ut obe- Ai nai JAPN Ket st one- Uni on USCA
Gam e Fol | dal NRWY Khans Creek AUNS
Garon Lake CNQU Khnai gui yah SAAR
Gavi ao PORT Kidd Creek CNON
Cel venakko SVIDN Ki I'lingdal NRWY
George Copper CNBC Ki mheden SVDN
Chost Lake CNWN Kittel gruvan SVDN
G ken-Charlotta NRWY Ki zi | kaya TRKY
G rilanbone AUNS Koff Zone CNWN
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Kopr ubasi
Kosaka (Mot oyams)
Kosaka (Uch.-Una. )
Kostere
Kristineberg
Kunitom (3-4-6)
Kunitom (7-8)
Kunitom (1-5-1N-Fud.)
Kur osawa
Kutcho Creek
Kut I ul ar

Kuvar shan

La Joya

La Torrera

La Zarza
Lagunazo
Lahanos

Lake Dufault
Lancha

Langdal
Langsel e
Lenora-Twin J
Levi

Li ngwi ck
Lonero Poyat os
Lost Lake
Lousal

Louvem
Lyndhur st

Lynx

Lyon Lake
MacBri de Lake
Madenkoy

Mal ai ba

Mani e

Manmrot h

Mandy

Mankayan

Mar cos

Mat t abi
Mattagani Lake
McMast er

Met sanont tu
Mc Mac

Ml an

M Il enbach

Mobr un

Mof j el |

Mbi nho

Mokoman Lake
Mol eon Lake
Mbnpas

Mons Cupri

Mor dey

Mbs

Moskogai ssa
Multon Hill
Mount Bul ga
Mount Chal ners
Mount Lyel |
Mount Morgan
Mount Ml cahy
Mur gul
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TRKY
JAPN
JAPN
TRKY
SVDN
JAPN
JAPN
JAPN
JAPN
CNBC
TRKY

SPAN
SPAN
SPAN
SPAN
SPAN

CNQU
SPAN
SWDN
SWDN
ONBC
SWDN
CONQU
SPAN
CNWN

PLPN

PLPN

Mirray Brook
Mra Falls-Lynx
Nasl i den

Nepi si gui t

New Bay Pond
New Hosco

Newt on

Nine Mle Brook
Nordre @ etryggen
Norita

Nor et al

North Boundary
North Keystone
North Star

Nort hai r

Nugr ah

ad Wite
Orange Poi nt
Orchan

Oijarvi
Csbourne Lake
Gshio

Ostra Hogkul I a
Pabi neau Ri ver
Par onen

Parys Mountain
Pat er

Paymngo

Pecos

Pelican

Penn

Penobscot
Perrunal

Phel ps Dodge
Pilleys Island
Pine Bay

Piray

Point Leam ngton
Poirier

Port Aux Mbines
Pot Lake

Price

Pyhasal ni

Que River
Radiore E

Rail Lake
Rakkej aur

Ranbl er- M ng
Ransey

Ravl i den

Ravl i dmyran
Rosebery- Read
Red Wng

Reed Lake
Renstrom

Ri eppe

Rio Tinto
Rocky Turn

Rod
Rodhammer en
Rodkl ei v
Romaner a
Ronerito

CNNB

USCA
USME
SPAN
CNQU
ONNF
CNWN
PLPN
ONNF

FRCN
CNWN
CNBC
FNLD
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Rost vangen NRWY Teahan CNNB
Rudt j ebacken SVWDN Tedi CNBC
Ruttan CNWN Terra Nova CNNF
Sabet j ok NRWY Teutonic Bore AUVA
Sagmo NRWY Texas CN\NB
Sain Bel FRNC Third Portage CNNB
San Antonio SPAN Tj okkol a SVWDN
San Doni ngos PORT Tonogonops CNNB
San Quillerm-Sierra SPAN Trininty CNQU
San Mateo PLPN Trout Bay CNON
San Pedro SPAN Tsuchi hata (Hatabira) JAPN
San Platen SPAN Tsuchi hata (Honni ozaw. ) JAPN
San Tel no SPAN Tsuchi hata (Shiratsuc.) JAPN
Santa Rosa SPAN Tsuchi hata (Uenono- Ck.) JAPN
Schi st Lake CNWN Tsuchi hata (Washi nosu) JAPN
Sel co- Scott CNQU Tulk’s Pond CNNF
Shasta King USCA Tul sequah CNBC
Shunsby CNON Tunca TRKY
Sierrecilla SPAN Tverrfjellet NRWY
Silver Queen CNBC Uechi CNON
Skai de NRWY Udden SVDN
Sol bec CNQU Undu FI JI

Soti el SPAN Vaddas NRWY
Sour dough Bay CNWN Vanp CNWN
South Dufaul t CNQU Vauze CNQU
South Rusty Hill CNQU Vermlion CNON
Spenceville USCA Vi gsnes NRWY
Spruce Poi nt CNWN Viscaria SVDN
Stall Lake CNWN Waden Bay CNSK
St ekenj okk SVDN Vi te East CNQU
Stirling CNNS Wl | ar oo AUVA
St ovel | USCA \edge CNNB
Stral ak CNON \\éedon CNQU
St rat mat CN\NB Vi ss TRKY
Sturgeon Lake CNON Viéstarm CNWN
Suffield CNQU Vhim Creek AUWA
Sul at PLPN Wite Lake CNWN
Sun CNWN Whundo AUA
Sunshi ne CNBC W dcat PLPN
Susu Lake CNNT W1 | echo CNON
Sutro USCA Wm CNWN
Tache Lake CNQU W ndy CNBC
Tai sho (N shi mat a) JAPN Woodl awn AUQL
Takijug Lake CNNT Yava CNNT
Taknar | | RAN Yoi chi JAPN
Taknar || | RAN Yokota (Mt oyanma-Hama.) JAPN
Tapl ey USME Yoshi no (Hisaka) JAPN
Tashiro JAPN Yoshi no ( Mai n) JAPN
Taslica TRKY z CNWN
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EXPLANATION

Yellow ore: pyrite + chalcopyrite +

Mudstone or tuff

quartz + sphalerite £ magnetite

Chert, felsite + pyrite .
Altered volcanic rocks

+ zeolites + clay % carbonates
+ hematite

vv.vv.~] Unaltered marine felsic to

Barite [."."""«] intermediate volcanic rocks

Black ore: pyrite + sphalerite I

I_ Subvoleanic felsic intrusion

+ chalcopyrite + galena + bar-
ite £ pyrrhotite £ quartz

Figure 145. Cartoon cross section of kuroko massive sulfide deposit. Modified
from Franklin and others (1981).
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PROPORTION OF DEPOSITS

PROPORTION OF DEPOSITS

KUROKO MASSIVE SULFIDE
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Figure 146.
sulfide deposits.

Tonnages of

Model 28a--Con.

kuroko massive

Individual digits

represent number of deposits.

Figure 147.
massive sulfide deposits.

Copper grades of kuroko

Individual

digits represent number of deposits.
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KUROKO MASSIVE SULFIDE
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A. LEAD GRADE IN PERCENT
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B. ZINC GRADE IN PERCENT

Figure 148. Lead-zinc grades of kuroko massive sulfide deposits.
A, Lead. B, Zinc. Individual digits represent number of deposits.
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KUROKO MASSIVE SULFIDE
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Figure 189. Precious-metal grades of kuroko massive sulfide
deposits. A, Gold. B, Silver. Individual digits represent number
of deposits.
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