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Mdel 8a
DESCRI PTI VE MODEL OF PODI FORM CHROM TE
By John P. Albers
APPROXI MATE SYNONYM Al pi ne type chromte (Thayer, 1964).

DESCRI PTI ON Podlike masses of chronmitite in ultramafic parts of ophiolite
conpl exes (see fig. 20).

GENERAL REFERENCE Di ckey (1975).

GEOLOG CAL  ENVI RONVENT

Rock Types Highly deformed dunite and harzburgite of ophiolite conplexes;
comonly serpentinized.

Textures Nodul ar, orbicular, gneissic, cumulate, pull-apart; nost relict
textures are nodified or destroyed by flowage at magmatic tenperatures.

Age Range Phanerozoi c.

Deposi tional Environment Lower part of oceanic |ithosphere.

Tectonic Setting(s) Magmatic cumulates in elongate magma pockets along spreading plate
boundaries.  Subsequently exposed in accreted terranes as part of ophiolite assenblage.

Associ ated Deposit Types Limssol Forest Co-Ni-S-As.

DEPCSI T DESCRI PTI ON

Mneralogy Chromite + ferrichromte + magnetite + Ru-GOs-Ir alloys % laurite.

Texture/ Structure Massive coarse-grained to finely disseninated.

Alteration None related to ore.

Ore Controls Restricted to dunite bodies in tectonized harzburgite or |ower portions of ultramafic
cumulate (see fig. 99).

Wathering Hghly resistant to weathering and oxidation.

CGeocheni cal Signature None recogni zed.

EXAMPLES
Hgh Plateau, Del Norte Cty, USCA (Wlls and others, 1946)
Coto Mne, Luzon, PLPN (LeBlanc and Violette, 1983)

GRADE AND TONNAGE MODEL OF M NCR PQDI FORM CHROM TE
By Donald A. Singer and Norman J Page
DATA REFERENCES Singer and others (1980); Calkins and others (1978); Carlson and others (1985).

COWMMENTS All deposits in this grade-tonnage conpilation are from California and Oregon. The two
[argest tonnage deposits are actually districts rather than individual deposits. The majority of
the grades represent shipping grades. Gades less than 35 percent typically represent in-place

The mixture of shipping grades and in-place grades may explain the significant negative
correl ation (r = -0.25) between grade and tonnage. Rh, Ir, Ru, Pd, and Pt grades are based on
reported analyses of sanples from the deposits. Unreported PGE grades are probably simlar to
those presented here. Rhodiumis correlated with chronmite (r = 0. 35,
n=469), platinum(r=0.69, n =31), iridium(r = 0.47, n = 35), ruthenium(r 0. 56 n = 28).
Rutheniumis correlated with palladium (r = 0.72, n = 21) and iridium(r = 0.59, n = 29). See
figs. 21-23.
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Tonkin USCA War Bond USCA
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Trini dad USCA Vard USOR
Twin Cedars USOR Ward and Lyons USCA
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Unknown Name USOR Wite Cedar USCA
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GRADE AND TONNAGE MODEL OF MAJOR PCDI FORM CHROM TE
By Donald A Singer, Norman J Page, and Bruce R Lipin
DATA REFERENCES Page and others (1979), Page and others (1982b), Page and others (1984).

COWMMENTS This nodel, number 8b, is provided as an alternative to the podiform chronmite nodel,
number 8a, based on California and Oregon deposits because of the significant difference in tonnage
of the two groups. The two groups are geologically sinmilar and share the sane descriptive nodel.
Rh, Ir, Ru, Pd, and Pt grades are based on reported analyses of sanples from the deposits.

Platinum grade is correlated with chronmite grade (r = 0.76, n = 12) and iridiumgrade (r = 0.71, n
= 8). FRhodiumis correlated with iridiumgrade (r = 0.88, n =7). See figs. 24-26.

DEPCSI TS

Nane Country Nanme Country
Abdasht | RAN Bagi n TRKY
Akar ca TRKY Bagi rsakdire TRKY
Akcabuk TRKY Bal ci cakiri TRKY
Akkoya TRKY Bat i kef TRKY
Alice Louise NCAL Bati-N. Yarma TRKY
Al pha NCAL Bati - Taban TRKY
Al tindag TRKY Bati- W Yarma TRKY
Anor es CUBA Bel | acosci a NCAL
Andi zIl i k TRKY Bel | evue NCAL
Anna Madel ei ne NCAL Ber eket TRKY
Asagi  Zorkum TRKY Bezkere-Bul urlii TRKY
Avent ura CUBA Bi cir-Cakir TRKY
Avsar TRKY Bi cir-aul TRKY
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Mbdel 8a-- Con.
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GRADE AND TONNAGE MCDEL OF MAJCR PODIFORM CHROM TE
By Donald A Singer, Norman J Page, and Bruce R Lipin
DATA REFERENCES Page and others (1979), Page and others (1982b), Page and others (1984).

COMMENTS This nodel, number 8b, is provided as an alternative to the podiform chronite nodel,
nunber 8a, based on California and Oregon deposits because of the significant difference in tonnage
of the two groups. The two groups are geologically simlar and share the sane descriptive nodel.
Rh, Ir, Ru, Pd, and Pt grades are based on reported analyses of sanmples from the deposits.
Platinumgrade is correlated with chronite grade (r = 0.76, n = 12) and iridiumgrade (r =0.’71, n
= 8). FRhodiumis correlated with iridiumgrade (r =0.88, n=i"). See figs. 24-26.

DEPCSI TS

Name Country Name Country
Abdasht | RAN Bagi n TRKY
Akarca TRKY Bagi rsakdire TRKY
Akcabuk TRKY Balcicakiri TRKY
Akkoya TRKY Bat i kef TRKY
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Altindag TRKY Bati- W Yarma TRKY
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Anna Madel ei ne NCAL Ber eket TRKY
Asagi  Zorkum TRKY Bezkere-Bul urlii TRKY
Avent ura CUBA Bi cir-Cakir TRKY
Avsar TRKY Bicir-Gul TRKY
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Model 8b--Con.

Tepebasi TRKY West Ore Body PLPN
Terlik TRKY Yanikara TRKY
Tiebaghi NCAL Yaprakli TRKY
Tilkim-Karanlik TRKY Yayca Boyna TRKY
Togobomar PLPN Yilmaz Ocagi TRKY
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Marine sedimentary rocks
Pillow lava

Diabase dikes

10 km RFIRIICIN PSRRI
aramananaanata by 4 Massive diorite and gabbro
'\AAA a LIV A A A ~

™ Cumulates
— Transition zone
= Podiform chromite deposits

Tectonized peridotite

Figure 20. Cartoon cross section of a typical ophiolite sequence
showing locations of podiform chromite deposits. From Dickey
(1975).
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PROPORTION OF DEPOSITS

PROPORTION OF DEPOSITS
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Mdel 17

DESCRI PTI VE MODEL OF PORPHYRY Cu
By Dennis P. Cox

DESCRI PTION This generalized nodel includes various subtypes all of which contain chalcopyrite in
stockwork veinlets in hydrothermally altered porphry and adjacent country rock (see fig. 50).

GENERAL REFERENCE Titley (1982).

GEOLOG CAL  ENVI RONMENT

Rock Types Tonalite to nonzogranite or syenitic porphyry intruding granitic, volcanic, calcareous
sedi mentary, and other rocks.

Textures Porphyry has closely spaced phenocrysts and microaplitic quartz-feldspar groundmass.
Age Range Mainly Mesozoic and Cenozoic, but may be any age.

Deposi tional Environment H gh-level intrusive rocks contenporaneous wth abundant dikes, breccia
fipes, faults. A'so cupolas of batholiths.

Tectonic Setting(s) Rift zones contenporaneous with Andean or island-arc volcanism al ong
convergent plate boundaries. Uplift and erosion to expose subvol canic rocks.

Associ ated Deposit Types Base-netal skarn, epithermal veins, polynmetallic replacenent, volcanic
hosted nassive replacement. See also: Porphyry Cu-skarn related, porphyry Cu-M, and porphyry Cu-
Au.

DEPGSI T DESCRI PTI ON

Mneral ogy:  Chal copyrite + pyrite * nolybdenite; chalcopyrite + magnetite + bornite * Au;
assemblages may be superposed. Quartz + K-feldspar + biotite + anhydrite; quartz + sericite + clay
mnerals. Late veins of enargite, tetrahedrite, galena, sphalerite, and barite in some deposits.

Texture/Structure Stockwork veinlets and disseninated sulfide grains.

Alteration Frombottom innernost zones outward: sodic-calcic, potassic, phyllic, and argillic to
propylitic. Hogh-alumina alteration in upper part of some deposits. See table 3. Propylitic or
phyllic alteration may overprint early potassic assenblage.

Oe Controls Stockwork veins in porphyry, along porphyry contact, and in favorable country rocks
such as carbonate rocks, nafic igneous rocks, and ol der granitic plutons.

Wathering Geen and blue Cu carbonates and silicates in weathered outcrops, or where leaching is
intense, barren outcrops remain after Cu is |eached, transported downward, and deposited as
secondary sulfides at water table or paleowater table. Fractures in leached outcrops are coated
with hematitic linonite having bright red streak. Deposits of secondary sulfides contain
chalcocite and other CuS minerals replacing pyrite and chal copyrite. Residual soils overlying
deposits may contain anomal ous anounts of rutile.

Ceochemical Signature: Cu + M + Au + Ag + W+ B + Sr center, Pb, Zn, Au, As, Sh, Se, Te, M, CO
Ba, and Ro outer. Locally H and Sn form nost distal anomalies. Hgh Sin all zones. Sone
deposits have weak U anomali es.

EXAMPLES
Bi ngham  USUT (Lanier and others, 1978)
San Manuel, USAZ (Lowel I and Cuilbert, 1970)
El Salvador, CLE (CQustafson and Hunt, 1975)
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COWENTS All por phyry copper dE?O?I

order to

mol ybdenum ri ch nodel s.
were included in these data.
mol ybdenum grade (r

DEPCSI TS
Nane

Afton

A ax

Aj o

Am

Amacan
Andacol | a
Ann

Ann Mason
Arie

Atlas Carnen
Atlas Frank
Atlas Lutopan
Axe

Aya Aya
Bagdad

Basay

Bear

Bel | Copper
Berg

Bet hl ehem
Big Onion

Bi ngham

Bi shee

Bl uebi rd
Bond Creek
Boneng Lobo
Bozshchaku
Brenda

Br enmac
Butilad
Butte
Canpanamah
Cananea
Canari aco
Cari boo Bell
Car pent er
Cash

Casi no

Castl e Done
Cat f ace

Cat heart
Cerro Bl anco
Cerro Col orado
Cerro Col orado
Cerro Verde
Chaucha
Chuqui canat a
Coal st oun
Copper Basin

GRADE AND TONNAGE MODEL OF PORPHYRY Cu
By Donald A Singer,

Country

CNBC
CNBC
USAZ
CNBC
PLPN
CLE
CNBC
USNV
PPNG
PLPN
PLPN
PLPN
CNBC
PLPN
USAZ
PLPN
USNV
CNBC
CNBC
CNBC
CNBC
usut
USAZ
USAZ
USAK
PLPN
URRS

51-53,

Nanme

Copper Cities
Copper Creek
Copper Fl at
Copper Mountain
Cor don

Cuaj one
Cubuagan

Dexi ng

Di zon

Dor ot hy

Dos Pobres
Eagl e

El Abra

El Arco

El Pachon

El Sal vador
El Sol dado

El Teniente
Elatsite

Ely

Escondi da
Esperanza
Exoti ca

Fi sh Lake

Fl orence
Frieda River
Gal axy

Gal ore Creek
Gambi er Island
Gaspe
Gbraltar

d acier Peak
G anisle

Hal e- Mayabo
Heddl| est on
Hel veti a

Hi ghmont

H nobaan
Huckl eberry

I ngerbelle

[ nguaran

I no- Capaya

[ nspiration
Iron Mask

I sl and Copper
|thaca Peak
June

Kadzhar an

Kal amat on

Dan L. Msier, and Dennis P. Cox

-0.49, n =

ONBC
ONBC
CNQU
ONBC
USWA
CNBC
PLPN
USMT
USAZ
ONBC
PLPN
CNBC
ONBC
NXCO
PLPN
USAZ
ONBC
ONBC
USAZ
ONBC

PLPN

Model

17-- Con.

with available grades and tonnages were included in these

or cases where it is not possible to use the gold-rich or
Parts of the porphyry copper deposits which could be considered skarn
Gol d grade is correlated with tonnage (r

81) and with
n = 55).
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Kal amazoo- San Manuel
Kal makyr
Kennon

Ki ng- Ki ng
Kirwn

Kounr ad

Krain

Kwani ka

La Alunbrera
La Caridad

La Florida

La Verde
Lakeshore
Lights Creek
Lor nex

Lorrai ne

Los Bronces
Los Pel anbres
Los Pilares
Lunbay

Luna- Bash
MacArt hur
Maggi e

Maj danpek
Manut

Mant os Bl ancos
Mapul a

Mar copper

Mar gar et

Mari an

Mazama

Met cal f

M chi quil | ay
M ddl e Fork
Mneral Butte
M sty

Mbcha

Mocoa

Moni wa

Mor enci

Mor ococha
Morri son
Mountain M nes
Mount  Canni nda
Nanosi East
Nanosi Vst
North Fork

Ok

K Tedi
Orange Hill
Panpa Norte
Panguna
Parani | | os
Parks
Pashpap
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Petaquilla

Phi | i ppi ne

Pi ma- M ssi on
Pl ur hi nal er
Poi son Mbunt ai n
Potrerillos
Pri mer
Quebrada Bl anca
Quel I eveco

Ray

Recsk

Red Chris

Red Mbuntain
Ri o Bl anco

Rio Vivi
Sacaton (E-W
Safford (KCQ)
Sai ndak East
Sai ndak North
Sai ndak South
Samar

San Antonio
San Fabi an
San Juan

San Xavi er
Sanchez

Santa Rita
Santo N no
Santo Tomas
Santo Tomas
Sar Cheshnmeh
Schaft Creek
Sierra Gorda
Silver Bell

Si pal ay

Star M.-Fubilan
Star M.-Futik
Star M.-Nong River
Star M.-0gal
Sugarloaf Hll
Tagpur a
Tananma

Tawi - Tawi
Taysan

Tol edo
Toquepal a

Troj an

Twin Buttes
Tyrone

Val | ey Copper
Vekol

Washi ngt on
Yander a

Yeoval
Yerington
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Figure 50.
Cu deposits showing relation of ore minerals, altera
enrichment and associated skarn, replacement, and ve

Table 3. Types of hydrothermal alteration characteristic of p

tion zoning,
in deposits.

supergene

orphyry copper and other

deposit models

Model 17-~Con.

Cartoon cross section illustrating generalized model for porphyry

Type of alteration

and synonyms Original mineral replaced by

Appearance

Potassic plagioclase---~-~-- K-feldspar
alteration hornblende-----~--~ fine-grained
(K-silicate) biotite «+
rutile + pyrite
or magnetite.
Anhydrite
Sodic-calcic K-feldspar-=m——w-= oligoclase or
alteration albite
(albitic) biotitewmmmemameae actinolite +
sphene
Phyllic plagioclase--===-= sericite
alteration hornblende and
(quartz-sericite) biotitem=mmm—mmaee sericite +
chlorite +
rutile + pyrite
Propylitic plagioclase-=m—=m= albite or oligoclase
alteration + epidote or
calecite
hornblende
and biotite--==--- chlorite + rutile +
magnetite or pyrite
Argillic plagioclase-~~~--- clay + sericite
alteration
mafic minerals---- clay + sericite
+ chlorite +
pyrite

All original and earlier hydrothermal
minerals converted to pyrophyllite,
alunite, andalusite, corundum, and
diaspore with variable amounts of clay
and sericite.

High alumina
(alsic, advanced
argillic)

Rocks look fresh

but may have pinkish
K-feldspar veinlets
and black biotite
veinlets and clusters
of fine biotite after
mafic phenocrysts.

Rocks are hard and

dull white. Biotite

is absent. Veinlets of
actinolite, epidote, and
hematite have hard,
white alteération haloes.

Rocks are soft and

dull to lustrous white.
Pyrite veinlets have
distinct, soft translucent
gray, sericite haloes,
Tourmaline rosettes may be
present.

Rocks are hard and dull
greenish gray. Veinlets
of pyrite or chlorite and
epidote lack prominent
alteration haloes.

Rocks are soft and white.
Tongue will stick to clay-
altered minerals.

Rocks are light colored
and moderately soft.
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Figure 51. Tonnages of porphyry Cu
deposits. Individual digits represent
number of deposits.

PROPORTION OF DEPOSITS

Figure 52. Copper grades of porphyry Cu
deposits. Individual digits represent
number of deposits.
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Mdel 18b
DESCRI PTI VE MODEL OF Cu SKARN DEPCSI TS
By Dennis P. Coxand Ted G Theodore
DESCRI PTION Chal copyrite in talc-silicate contact nmetasomatic rocks (see fig. 57).

GENERAL REFERENCES Einaudi and Burt (1982), Einaudi and others (1981).

GEOLOG CAL  ENVI RONMENT

Rock Types Tonalite to nonzogranite intruding carbonate rocks or calcareous elastic
rocks.

Textures Ganitic texture, porphyry, granoblastic to hornfelsic in sedimentary rocks.
Age Range Mainly Mesozoic, but may be any age.

Deposi tional Environment M ogeosynclinal sequences intruded by felsic plutons.

Tectonic Setting(s) Continental nargin late erogenic magmatism

Associ at ed Deposit Types Porphyry Cu, zinc skarn, polymetallic replacement, Fe skarn.

DEPGSI T DESCRI PTI ON

Mneralogy Chalcopyrite + pyrite + hematite * magnetite + bornite + pyrhotite. A'so nolybdenite,
Ismuthinite, sphalerite, galena, cosalite, arsenopyrite, enargite, tennantite, loellingite,
cobaltite, and tetrahedrite may be present. Au and Ag may be inportant products.

Texture/Structure Coarse granoblastic with interstitial sulfides. Bladed pyroxenes are common.

Alteration Diopside + andradite center; wollastonite + tremolite outer zone; marble peripheral
zone.  lgneous rocks may be altered to epidote + pyroxene + garnet (endoskarn). Retrograde
alteration to actinolite, chlorite, and clays may be present.

Oe Controls Irregular or tabular ore bodies in carbonate rocks and calcareous rocks near igneous
contacts or in xenoliths in igneous stocks. Breccia pipe, cutting skarn at Victoria, is host for
ore. Associated igneous rocks are commonly barren.

Weathering Cu carbonates, silicates, Fe-rich gossan. Calc-silicate ninerals in stream pebbles are
a good guide to covered deposits.

Ceocheni cal Signature Rock analyses may show Cu-Au-Ag-rich inner zones grading outward to Au-Ag
zones with high AurAg ratio and outer Pb-Zn-Ag zone. Co-As-Sb-Bi may form anomalies in some skarn
deposits.  Magnetic anonalies.

EXAMPLES
Mason Valley, USNV
Victoria, USNV
Copper Canyon, USNV
Carr Fork, USUT

Harris and Einaudi, 1982)
Atkinson and others, 1982)
Bl ake and others, 1979)
Atkinson and Einaudi, 1978)

—~~——

GRADE AND TONNAGE MODEL OF Cu SKARN DEPCSI TS
By Gail M Jones and W David Menzie

COWENTS Data used in this nodel were restricted to copper skarns associated with barren stocks as
reconmended by Einaudi and others (1981). Some of the data are fromdistricts. See figs. 58-60
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skarn deposit showing relationship between

Model 18b--Con.

Country

THLD
USNV
USID
BULG
CNBC
USNV
USNV
HATI
CLBA
CLBA
CNBC
JAPN
CNBC
CNBC
CNBC
CNBC
NCRG
USNM
RMNA
JAPN
USNM
BULG
CNBC
PERU
ITLY
JAPN
CNBC
CNYT
USNV
CNBC
CNBC
CNBC

Garnet-pyroxene

Pyroxene-epidote alteration (endoskarn)
or potassic and/or phyllic alteration +
disseminated chalcopyrite - molybdenite

FEET
R
Tonalite or granodiorite
pluten

DEPOSITS
Name Country Name
Agordo-Brosso ITLY Loei-Chiengkarn
Arctic Chief CNYT Ludwig
B. C. CNBC Mackey
Benson Lake CNBC Malko Trnova
Best Chance CNYT Marble Bay
Black Cub CNYT Mason Valley-Malachite
Blue Grouse CNBC MeConnell
Bluestone USNV Meme
Caledonia CNBC Mina E1 Sapo
Cassius HATI Mina Vieja
Casting USNV Mother Lode-Sunset
Cerro de Cobre CLBA Obira
Chalcobamba PERU Oregon
Coast Copper CNBC Oro Denoro (Ema)
Cobriza PERU Phoenix
Concepcion Del Oro MXco Queen Victoria (Swift)
Copper Queen CNBC Rosita
Cornell CNBC San Pedro
Cowley Creek CNYT Sasca Montana
Douglas Hill USNV Sasagatani
Gem CNYT Snowshoe
Hiragane JAPN Strandzha
Hope CNBC Tasu-Wesfrob
Iide JAPN Tintaya
Indian Chief CNBC Traversella
Kamaishi JAPN Tsumo
Kedbeg Copper URRS Vananda
Keewenaw CNYT War Eagle
Kodiak Cub CNYT Western Nevada
Lily (Ikeno) CNBC Wexford
Little Chief CNYT Yreka
Lucky. Four CNBC Zip
Thermal aureole:
Wo!]astonj(e
Marble zone N\ *
Replacement bodies
of chalcopyrite,
pyrite, pyrrhotite,
and magnetite
Y
Figure 57. Cartoon cross section of Cu t:z_j

Shale

contact metamorphic zones, ore bodies, and N

igneous intrusion.

~~

~N
N

< P

Limestone Calcareous

sandstone

Sandstone

Boundary of mineral zone in thermal aureole
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PROPORTION OF DEPOSITS

Figure 58. Tonnages of Cu skarn deposits.

Figure 59. Copper grades of Cu skarn

deposits.
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Model 18d

DESCRI PTIVE MODEL OF Fe SKARN DEPOSI TS
By Dennis P. Cox
DESCRI PTION Magnetite in talc-silicate contact metasomatic rocks.

GENERAL REFERENCES Einaudi and Burt (1982), Einaudi and others (1981).

GEOLOG CAL  ENVI RONMENT

Rock Types Gabbro, diorite, diabase, syenite, tonalite, granodiorite, granite, and coeval volcanic
rocks. Limestone and cal careous sedinentary rocks.

Textures Ganitic texture in intrusive rocks; granoblastic to hornfelsic textures in sedinentary
rocks.

Age Range Mainly Mesozoic and Tertiary, but may be any age.

Depositional Environment Contacts of intrusion and carbonate rocks or
cal careous elastic rocks.

Tectonic Setting(s) M ogeosynclinal sequences intruded by felsic to mafic plutons. QCceanic island
arc, Andean volcanic arc, and rifted continental margin.

DEPGSI T DESCRI PTI ON

Mneralogy Magnetite * chalcopyrite £ Co-pyrite * pyrite = pyrhotite. Rarely cassiterite in Fe
skarns in Sri-granite terranes.

Texture/ Structure Ganoblastic with interstitial ore mnerals.

Alteration Diopside-hedenbergite + grossular-andradite + epidote. Late stage anphibole + chlorite
t ilvaite.

Oe Controls Carbonate rocks, calcareous rocks, igneous contacts and fracture zones near
contacts. Fe skarn ores can also formin gabbroic host rocks near felsic plutons.

Weathering Magnetite generally crops out or fornms abundant float.
Ceochemical and Ceophysical Signature Fe, Cu, Co, Au, possibly Sn. Strong magnetic anomaly.

EXAMPLES
Shinyama, JAPN (Uchida and liyama, 1982)
Cornwal |, USPA (Lapham 1968)
Iron Springs, USUT (Mackin, 1968)

GRADE AND TONNAGE MODEL OF Fe SKARN DEPCSI TS
By Dan L. Msier and W David Menzie
COMMENTS Some of the data represent districts. See figs. 66-67.

DEPCSI TS

Nane Count ry Name_ Count ry
Adaevka central URRS Al agada PORT
Adaevka north URRS Al eshi nka URRS
Adaevka south URRS Ar gonaut CNBC
Agal teca HNDR Asvan TRKY
Ain Mkra ALGR Auer bach URUR
Ain Qudrer ALGR Ayazmant TRKY
Akat ani JAPN Baghai n | RAN
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Bai soar a

Beck

Beni Doual a
Benkal a
Bessener

Bi zni sen- Akusagi
Bl ai rton

Bol sher echensk
Bul acan

Brynor

Cal abogi e
Caniglia
Capacnar ca
Capitan

Car men

Cave Canyon
Cehegi n

Chi chi bu
Childs Mne

Col quemar ca
Copper Fl at
Cuchi 'l 0- Negro
Dai qui ri

|l ammer N ssar
Dannenor a

Dayt on

Divrigi

Dungun

Dzama

Eagl e Mountain
El Pedroso

El Sol y La Luna
El Vol can-Piedra |mn
Eltay

Est yuni n

Fi erro- Hannover
Gal li nas

G resun

Gora Magni t naya
Gora Vysokaya
Hatillo

Herro Indio
Huacr avi | ca
Hual pai
Huancabanba

Hul |

| manccasa

Ino

I ron Duke

[ron Hat

Iron Mke

Iron Muntain (Colfax Co.)
Iron Muntain (Sierra Co.)

Iron Springs

Jedway

Jerez de los Caballeros
Jib

Jicarilla

Jones Canp

Juncos

Kachar

Kal kan

Kambai khin central

RVNA
USCA
ALRR
URRS

TRKY
CNON
URRS
PLPN
CNBC

[TLY
PERU
USNM
C LE
USCA
SPAN
JAPN
CNON
PERU
USNM
USNM
CUBA
PKTN
SVIDN
USNV
TRKY

URRS
USCA
SPAN
MXCO
MXCO
URRS
URRS
USNM
USNM
TRKY
URRS
URRS
DVRP
AGIN
PERU
CNBC
PERU

ONQU
PERU
JAPN
CNBC
USCA
CNBC
USNM
USNM
usut
CNBC
SPAN
CNBC
USNM
USNM
CNBC
URRS
TRKY
URRS

Kanmbai khin east
Kanmbai khin north
Kar amadazi

Kauni svaar a- Masugnshyn
Kesi kkopru
Kozyrevka

Kr ounmovo

Kr ugl ogor sk

Kur zhunkul

La Carmen

La Laguna

La Pal oma

La Piedra Iman
Las Animas Cerro Prieto
Las Truchas

Lar ap- Cal anbayungan
Lava Bed
Lebyazhka
Livitaca-Velille
Lononosov
Maanshan

Mac

Mar bel | a

Mar nor at on
Martinovo

Masl ovo

Mat i

Mbgpog

Monte Carnel o
Minesada

Ni mpki sh

Novo Masl ovo

Novo Peschansk
Ccna de Fier

O d Dad Muntains
Orogr ande

Csoki no- Al eksandr ovsk
Pambuhan Sur
Panpachi ri

Paracal e

Pena Col orada
Perda N edda

Per sher g
Peschansk

Picila

Piddig

Plagia

Pokr ovsk

Ranki n

Reci bi m ento
Rondoni

Rose

Rudna d ava
Sabana G ande
Sand i

San Carl os

San Juan de Chacna
San Leone

Sankyo

Santa Lucia

Santa Rita

Sar bay

Senor de Huarqui sa

PLPN
USCA
URRS
PERU
URRS

On3C
SPAN
CNON
BULG
URRS
PLPN
PLPN

JAPN
CNBC
URRS
URRS

USCA
USNM
URRS
PLPN
PERU
PLPN

[TLY
SVIDN
URRS
MXCO
PLPN
GREC
URRS
CNON
MXCO
PERU
CNBC
YUGO

TRKY
MXCO
PERU
[TLY
JAPN
PERU
USNM
URRS
PERU

Model

18d- - Con.
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Sever noe
Severnoe ||
Severnoe |11
Shagyr ku
Shasta-Cal i fornia
Shi nyama
Silver Lakes
Sor ka

Sosva

Sout h Sarbay
Takanokur a
Tapai ri hua
Techa
Tecol ot e
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URRS
URRS
URRS
URRS
USCA
JAPN
USCA
URRS
URRS
URRS
JAPN
PERU
URRS
USNM

Tepustete
Texada
Tovar ni ca
Tsai t sukou
Val D Peio
Val uev

Vor ont sovka
Vul can
VWhne
Wgasennin
Yel | ow Jacket
Zanitza
Zari kan
Zebal | os
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Mbdel 20c

DESCRI PTI VE MODEL OF PORPHYRY Cu- Au
By Dennis P. Cox

DESCRI PTI ON St ockwork veinlets of chal copyrite, bornite, and magnetite in porphyritic intrusions
and coeval volcanic rocks. Ratio of Au (ppm) to M (percent) is greater than 30 (see fig. 77).

GENERAL REFERENCES Sillitoe (1979), Cox and Singer (in press).

GEOLOGLCAL  ENVI RONVENT

Rock Types Tonalite to nonzogranite; dacite, andesite flows and tuffs coeval with intrusive
rocks. Also syenite, nonzonite, and coeval high-K lowTi volcanic rocks (shoshonites).

Textures Intrusive rocks are porphyritic with fine- to mediumgrained aplitic
gr oundmass.

Age Range Cretaceus to Quaternary.
Depositional Environnent In porphyry intruding coeval volcanic rocks. Both involved and in |arge-

scal e breccia. Porphyry bodies may be dikes. Evidence for volcanic center; 1-2 km depth O
enpl acenent .

Tectonic Setting(s) Island-arc volcanic setting, especially waning stage of volcanic cycle. Also
continental nmargin rift-related vol canism

Associ ated Deposit Types Porphyry Cu-M; gold placers.

DEPGSI T DESCRI PTI ON

Mneralogy Chalcopyrite + bornite; traces of native gold, electrum sylvanite, and hessite.
Quartz + K-feldspar + biotite + magnetite + chlorite £ actinolite + anhydrite. Pyrite + sericite
clay minerals + calcite may occur in |ate-stage veinlets.

Texture/ Structure Veinlets and di ssem nati ons.

Alteration Quartz * magnetite + biotite (chlorite) + K-feldspar + actinolite, = anhydrite in
interior of system Quter propylitic zone. Late quartz + pyrite + white nica + clay may overprint
early feldspar-stable alteration.

Oe Controls Veinlets and fractures of quartz, sulfides, K-feldspar magnetite, biotite, or
chlorite are closely spaced. Qe zone has a bell shape centered on the vol canic-intrusive
center. Hghest grade ore is commonly at the level at which the stock divides into branches.

Wathering Surface iron staining may be weak or absent if pyrite content is
lowin protore. Copper silicates and carbonates. Residual soils contain anomal ous ampunts of
rutile.

Geochemical Signature Central Cu, Au, Ag; peripheral M. Peripheral Pb, Zn, M anonalies nmay be
present if Tate sericite pyrite alteration is strong. Au (ppm:M (percent) 30 in ore zone. Au
enriched in residual soil over ore body. System may have magnetic high over intrusion surrounded
by magnetic |ow over pyrite halo.

EXAMPLES
Dos Pobres, USAZ (Langton and WIliams, 1982)
Copper Muntain, CNBC  (Fahrni and others, 1976)
Tanama, PTRC (COX, 1985)

GRADE AND TONNAGE MODEL OF PORPHYRY CU- AU
By Donald A Singer and Dennis P. Cox
COWMENTS See figs. 78-81.
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DEPOSITS

Name Country Name Country
Afton CNBC Mamut MDGS
Amacan PLPN Mapula PLPN
Atlas Lutopan PLPN Marcopper PLPN
Basay PLPN Marian PLPN
Bell Copper CNBC Mountain Mines PLPN
Boneng Lobo PLPN Ok Tedi PPNG
Cariboo Bell CNBC Panguana PPNG
Copper Mountain CNBC Red Chris CNBC
Cubuagan PLPN Rio Vivi PTRC
Dizon PLPN Saindak South PKTN
Dos Pobres USAZ San Antonio PLPN
Fish Lake CNBC San Fabian PLPN
Frieda River PPNG Santo Nino PLPN
Galore Creek CNBC Santo Tomas PLPN
Hinobaan PLPN Star Mt.-Fubilan PPNG
Ingerbelle CNBC Star Mt.-Futik PPNG
Kennon PLPN Tanama PTRC
La Alumbrera AGTN Tawi-Tawi PLPN
Lorraine CNBC Taysan PLPN
Lumbay PLPN Toledo PLPN

Alteration: Propylitic | Phyllic | Potassic & pro= Phyllic | Propylitic
pylitic overprint
Mineralization: Molybdenite + | Magnetite +chal- Molybdenite +
pyrite copyrite +bornite pyrite
+9°‘d Cu carbonates and

V .. ili

T A e A . NV N = silicates

¥ vVvvvvvVVVVvVvv .V DD v

vvvvvvvvvvvvv“&\xl + S 7
.............. LV -

\ “ A
MYV v v v N & v v v
P v VI NI 0 f “ B X A
VVV VV ‘ Ca N ' - otV vV Vv

vvvvv\ A N A \% W N -t ...... 1f TIIRES
o o [poug ES0uartz - suifide S0
A e ANt N > stockwork and VO
VNNV NN Y § 'O at v N i M
v v v v v v v TG +% ++ + : VY
ALY, TOO NN VNN MUY d'ISSEI'Yﬂna'honrvvvvvv
T PN N NN NNV NV NV +++++ v A
Ko v VvV NV VNV VIV VY Vv N DD vV
VNNV NN N NV Y +++++ VNNV N
VvV VIV VY Vv b D N Y
VNNV VvV +4++++4++ 4+ AL REAAAAAN
VNN VNN NI AN, gt e d
v, vV G +++++++ Vol ﬂ
NV NN NN v B T o olcanic OWS
NN NN NI AN NIV R vvvv
VNV > vY ++++++ and thvavvvvvv
Vv A A ‘Lt N A v
v PN NN NN N + o+t vvvvvvvvvvv »
v"\rvvvvvvvvvv ++++++ vvvvvvv
PR 05 to2km B2 S A
N b v oty O B VNN,
(%) NN )

Figure 77. Cartoon cross section of porphyry Cu-Au deposit. Modified from
Langton and Williams (1982).
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Figure 79. Copper grades of porphyry Cu-Au
deposits.,
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PORPHYRY COPPER--GOLD
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PROPORTION OF DEPOSITS
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Figure 80. Gold grades of porphyry Cu-Au
deposits.
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Model 22c

DESCRI PTI VE MODEL OF POLYMETALLIC VEINS
By Dennis P. Cox

APPROXI MATE SYNONYM Fel sic intrusion-associated Ag-Pb-Zn veins (Sangster, 1984).

DESCRI PTION Quartz-carbonate veins with Au and Ag associated with base netal sulfides related to
hypabyssal i1ntrusions in sedinentary and netanorphic terranes.

GEOLOG CAL ENVI RONMVENT

Rock Types Calcalkaline to alkaline, diorite to granodiorite, nmonzonite to nonzogranite in small
intrusions and dike swarms in sedinentary and metamorphic rocks. Subvolcanic intrusions, necks,
dikes, plugs of andesite to rhyolite conposition.

Textures Fine- to mediumgrained equigranular, and porphyroaphanitic.

Age Range Mbst are Mesozoic and Cenozoic, but may be any age.

Deposi tional Environment Near-surface fractures and breccias within thermal aureol of clusters of
smal[ intrusions. [In some cases peripheral to porphyry systens.

Tectonic Setting(s) Continental margin and island arc volcanic-plutonic belts. Especially zones
of local domal uplift.

Associ ated Deposit Types Porphyry Cu-M, porphyry M lowF, polynetallic replacement. Placer Au.

DEPCSI T DESCRI PTI ON

Mneralogy Native Au and electrumwth pyrite + sphalerite + chalcopyrite + galena % arsenopyrite
t+ tetrahedrite-tennantite + Ag sulfosalts + argentite + hematite in veins of quartz + chlorite +
calcite + dolonite £ ankerite * siderite * rhodochrosite + barite + fluorite £ chal cedony =

adul ari a.

Texture/ Structure Conplex, nultiphase veins with conb structure, crustification, and colloform
textures. Textures may vary from vuggy to conpact within mneralized system

Alteration GCenerally wide propylitic zones and narrow sericitic and argillic zones.
SiTicification of carbonate rocks to form jasperoid.

Oe Controls Areas of high perneability: intrusive contacts, fault intersections, and breccia
veins and pipes. Replacement ore bodies may form where structures intersect carbonate rocks.

Wathering Mnor gossans and M-oxide stains. Zn and Pb carbonates and Pb sulfate. Abundant
quartz chips in soil. Placer gold concentrations in soils and stream sedinents. Supergene
enrichment produces high-grade native and horn silver ores in veins where calcite is not abundant.

Geochemical Signature 2Zn, Cu, Pb, As, Au, Ag, M, Ba. Anonalies zoned from Cu-Au outward to Zn-
Pb-Ag to M at periphery.

EXAVPLES
St. Anthony (Mammoth), USAZ (Creasey, 1950)
Wl lapai District, USAZ (Thomas, 7949)
Marysville District, USMI (Knopf, 1913)
Msima |., PPNG WIliamson and Rogerson, 1983)
Slocan District, CNBC Cai rnes, 1934)

GRADE AND TONNAGE MODEL OF PCQLYMETALLIC VEINS
By Janes D. Bliss and Dennis P. Cox

COWENTS The data used to generate grade and tonnage models for polynetallic veins reflect

consi derable conplexity in the geology and economic conditions under which deposits are produced or

eval uated; This nodel represents a first attenpt to resolve these conplexities. Four inportant
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factors may affect the adequacy of this nodel.

1. Zinc grades are subject to considerable uncertainty because snelters have in the past
penal i zed producers for ore containing zinc which in turn caused mine operators to avoid zinc-
bearing ore in their nining and nilling. Zinc grades are likely underestimated. Irregul ar
behavior in the zinc-grade nodel may be due to these factors.

2. Polymetallic veins of two types appear to exist--a base-netal polynetallic vein worked
primarily for a base metal or netals and silver and a gold-silver polymetallic vein with copper,
lead, and zinc production likely in less than half the deposits. Gade and tonnage nodels are
presented for the base-metal polynetallic veins. Gade and tonnge nodels are not presented for the
gol d-silver polynetallic veins because prelimnary data are inadequate. |In our data, districts in
which both types occur generally have six times as many base-metal polynetallic veins as gol d-
silver polymetallic veins.

3. The Slocan Mning District, British Colunmbia, Canada, contributed nearly 60 percent of the
deposit data for the base-metal polynetallic veins, and this may bias the nodels in ways not
i dentified.

4. Deposits are defined as all workings within 1 km of each other and having a mnimum of 100
tonnes of ore. A few deposits are for districts with workings of unknown spacing. See figs. 90-
94,

Nane Country Nane Countrv
Al bert Lea Goup USAZ Mammot h- St. - Ant hony USAZ
Al t oona- El khor - Mercury CNBC Marietta Usmr
Amazon usmr M neral Park USAZ
Ant oi ne CNBC M nni ehaha CNBC
Arlington CNBC Mol 1y G bson CNBC
Badger USAZ Moni t or CNBC
Baltic and Revenue Usco Mont ezuma CNBC
Bal timore usMmr Mountain Chief and vicinity CNBC
Bel | CNBC Mountain Con CNBC
Bell and California usco Noonday CNBC
Bel | Boy- Ni | es- Tows!| ey usmr North Cerbat (Gol conda) USAZ
Bi g Four usMmr Northern Bell-Jackson CNBC
Bosum CNBC Payne G oup CNBC
Bull'ion Usco Pennsyl vani a Usco
C.OD. USAZ Queen Bess and vicinity CNBC
Cal i f orni a- Hart ney- Mari on CNBC Ranbl er - Cari boo CNBC
Carnation-Jennie Lind CNBC Rio CNBC
Central Cerbat District USAZ Robert Emet usmr
Chanpi on- New London USAZ Sant i ago- Commonweal t h-

Chlorite District USAZ Cent enni al Uusco
Comst ock CNBC Scrat on- Ponti ac- Sunset CNBC
Cor k- Provi nce CNBC Si | ver snith-Ri chnond-

Dar danel | es CNBC Rut h- Hope CNBC
Defiance USAZ Sl ocan- Sover ei gn CNBC
Eva My usmr Soho CNBC
Fi sher Maiden G oup CNBC Standard and vicinity CNBC
Flint-Martin CNBC St ockt on USAZ
Galena Farm and vicinity CNBC Sunshi ne- Cori nth CNBC
Gay Eagle usmr Surprise-Noble Five and

| daho- Alanmo G oup CNBC vicinity CNBC
| daho- Al ano- Si | ver Bel | CNBC Treasure Hill USAZ
| vanhoe- Canadi an CNBC Tybo USNV
Keno Hll-Galena Hill CNYT Uni on USNV
Ki ng Sol onon usmr Uica CNBC
Leadsnith CNBC Vancouver Goup CNBC
Legal Tender usmr Von Roi-Hewitt-A U CNBC
Little Nell usmr Vel I'ington CNBC
Li ver pool usmr Wntrop CNBC
Mpj esti c- Sapphire CNBC Wonder f ul - El khorn CNBC
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Tonnages of polymetallic vein

Silver grades of polymetalliec
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Figure 92. Gold grades of polymetallic

vein deposits.

Figure 93.

Lead grades of polymetallic

vein deposits.
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DESCRI PTI VE MODEL OF VOLCANOGENI C M
By Randol ph A Koski
APPROXI MATE SYNONYM Vol canogeni c- sedi nentary (Roy, 1981)

DESCRI PTION Lenses and stratiform bodies of manganese oxide, carbonate, and silicate in vol canic-
sedinentary sequences. Cenesis related to volcanic (volcanogenic) processes.

GENERAL REFERENCE Roy (1981).

GEOLOG CAL  ENVI RONMENT

Rock Types Chert, shale, graywacke, tuff, basalt; chert, jasper, basalt (ophiolite); basalt,
andesite, rhyolite (island-arc); basalt, |inmestone; conglonerate, sandstone, tuff, gypsum

Age Range Canbrian to Pliocene.

Deposi tional Environnment Sea-floor hot spring, generally deep water; some shall ow water narine;
sone may be enclosed basin.

Tectonic Setting(s) Oceanic ridge, marginal basin, island arc, young rifted basin;, all can be
consi dered eugeosynclinal.

Associ ated Deposit Types Kuroko massive sulfide deposits.

DEPCSI T DESCRI PTI ON

M ner al ogy Rhodochrosite, M-calcite, braunite, hausmannite, benentite, neotocite, alleghenyite,
spessartine, rhodonite, Me-opal, manganite, pyrolusite, coronadite, cryptonelane, hollandite,
todorokite, anorphous MO,

Texture/ Structure Fine-grained massive crystalline aggregates, botryoidal, colloformin bedded and
[ensoi d masses.

Alteration Spilitic or greenschist-facies alteration of associated mafic |avas, silicification,
hematitizati on.

Oe Controls Sufficient structure and porosity to pernit subsea-floor hydrothermal circulation and
sea-floor venting; redox boundary at seafloor-seawater interface around hot spring; supergene
enrichnent to upgrade M content.

V\at herin Strong devel opnent of secondary M oxides (todorokite, birnessite, pyrolusite,
anmor phous  Mn02, atthe surface and al ong fractures.

Geochem cal Signature Although M is only moderately nobile and relatively abundant in nost rocks,
M ninerals may incorporate many other trace elenents such as Zn, Pb, Cu, and Ba.

Exanpl es
A ynpic Peninsula, USWA (Park, 1942, 1946; Sorem and Qunn,
1967)
Franciscan type, USCA, USOR (Taliaferro and Hudson, 1943; Crerar

and others, 1982; Snyder 1978; Kuypers
and Denyer, 1979)

GRADE AND TONNAGE MODEL OF VOLCANOGENI C M
By Dan L. Mosier

COMMENTS  Tonnage is correlated with manganese grade (r = -0.32) and wth phosphorus
grade (r = -0.94, n = 8). See figs. 103-104.
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DEPQOSI TS
Nane

Abuhensin (Abi ul ya)
Abundanci a

Akcakilise Topkirazlar
Akol uuk

Akseki Gokceovaci k
Antoni o

Augusto Luis and others

Avi spa

Bl ack Diablo
Bl ue Jay
Boston G oup

Briseida Goup and others

Buckeye

Bueycito
Buritiram

Cadi z

Castillode Palanco
Cavdar! i - Konur | uk
Cayirli Koy

Charco Redondo- Casual i dad

Crescent
Cubenas
Cubukl u KOYU
Cunmi ngs

Curiol -Playa Real -Pavones

Dani snment
Dassounbl e

Dj ebel Guettara
Dur novskoe

El Cuervo
Esperancita
Estrel | a- Sopresa
Fabi an

Faucogney

Foster Mountain
Adib en Nam
Goria-Elvira-Polaris
Gocek Koyu

Gan Piedra
Guanaba G oup
Cunbasi (Akcakese)
Hyatt No. 1

[ di kel

Jo7

Jutinicu

Konur | uk  Koyunun

140

Country

TRKY
TRKY
TRKY
TRKY
TRKY
CUBA
CUBA
CUBA
USNV
USCA
CUBA
CUBA
USCA
CUBA
BRZL
CUBA
SPAN
TRKY
TRKY
CUBA
USVWA
CUBA
TRKY
USCA
CORI
TRKY
[ VCO
ALGRR
URRS
SPAN
CUBA
CUBA
USCA
FRNC
USCA
MRCO
CUBA
TRKY
CUBA
CUBA
TRKY
PANA
MRCO
NCAL
CUBA
TRKY

Name

Kor ucul ar

La Cal anesa

Ladd

Lagnokaha
Lasbel a

La Unica
Laverton-M. Lucky
Li berty

Luci a (Generosa)
Lucifer

Magdal ena
Manacas G oup
Manue

Mont enegr o- Adri ana
Mima

Pi rki

Pi skal a

Ponupo

Ponupo de Manaca
Pozo Prieto
Progreso

Quar zazate
Quinto

Raymond

Rhi w

Sabani |l a

Santa Rosa

Sapal skoe

Sereno

Si gua

Sol oviejo

South Thomas
Taratana
Taritipan

That cher Creek
Thomnas

Tiere

Ti oui ne

Tokor o

Topki rozl ar
Toscana (Cerchiara)
Tut uncul er

Vane de Maganeso
Vel ch

Wody Wody

Yeya

Country

TRKY
SPAN
USCA
wa
PKTN
CUBA
AUVA
USCA
CUBA
MXCO
CUBA
CUBA
CUBA
CUBA
KNYA
TRKY
TRKY
CUBA
CUBA
CUBA
CUBA

CUBA

GRBR
CUBA
CUBA
URRS
BRZL
CUBA
SPAN
USCA
CUBA
| NDS
USCA
USCA
wa

JAPN
TRKY
[ TLY
TRKY
CUBA
USCA
AUMA
CUBA



PROPORTION OF DEPOSITS

PROPORTION OF DEPOSITS

VOLCANOGENIC MANGANESE

Model 2U4c--Con.

Figure 103. Tonnages of volcanogenic Mn
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Model 25e

DESCRI PTI VE MODEL OF EPI THERVAL QUARTZ- ALUNI TE Au
By Byron R Berger
APPROXI MATE SYNONYM_Acid-sul fate, or enargite gold (Ashley, 1982),

DESCRLPTION CGold, pyrite, and enargite in vuggy veins and breccias in zones of high-alumna
alteration related to felsic vol canism

GENERAL REFERENCE Ashl ey (1982).

GEOLOGI CAL ENVI RONVENT

Rock Types Vol canic: dacite, quartz latite, rhyodacite, rhyolite. Hypabyssal intrusions or
dones.

Textures Porphyritic.
Age Range Cenerally Tertiary, but can be any age.

Deposi tional Environment Wthin the volcanic edifice, ring fracture zones of calderas, or areas of
igneous activity wth sedimentary evaporates in basement.

Tectonic Setting(s) Through-going fracture systems: keystone graben structures, ring fracture
zones, normal faults, fractures related to doming, joint sets.

Associ ated Deposit Types Porphyry copper, polynetallic replacenment, volcanic hosted Cu-As-Sh.
Pyrophyllite, hydrothermal clay, and alunite deposits.

DEPCSI T DESCRI PTI ON

Mneralogy Native gold + enargite + pyrite + silver-bearing sulfosalts + chalcopyrite % bornite =
precious-metal tellurides * galena + sphalerite % huebnerite. May have hypogene oxidation phase
with chalcocite + covellite + luzonite with |ate-stage native sulfur.

Texture/ Structure Veins, breccia pipes, pods, dikes; replacement veins often porous, and vuggy,
with comb structure, and crustified banding.

Alteration Hi ghest tenperature assenmblage: quartz + alunite + pyrophyllite may be early stage
wth pervasive alteration of host rock and veins of these ninerals; this zone may contain corundum
diaspore, andalusite, or zunyite. Zoned around quartz-alunite is quartz + alunite + kaolinite +
montnorillonite, pervasive propylitic alteration (chlorite + calcite) depends on extent of early
alunitization. Amoniumbearing clays my be present.

Oe Controls Through-going fractures, centers of intrusive activity. Upper and peripheral parts
of porphyry copper systens.

Weatherin¥ Abundant yellow linobnite, jarosite, goethite, white argillization with kaolinite, fine-
graine Ite alunite veins, hematite.

Geochenical Signature Higher in system Au + As + Cu; increasing base metals at depth. Aso Te
and (at El Indio) W

EXAMPLES
Gol dfield, USNV (Ransone, 1909)
Kasuga mne, JAPN (Taneda and Mikai yama, 1970)
El Indio, CLE (Ml thier and others, 1982)
Summitville, USCO (Perkins and N eman, 1983)
[wato, JAPN (Saito and Sate, 1978)
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GRADE AND TONNAGE MODEL OF EPI THERVAL QUARTZ- ALUNI TE Au

COWMENTS See figs. 120-123.

DEPCSI TS
Nane

Chi nkuashi h
El Indio
CGol dfi el d

[ wat 0
Kasuga
Masoni ¢
Mohave

St edman

By Dan L. Msier and W David Menzie

Country

TITW
CILE
USNV
JAPN
JAPN
USCA
USCA
USCA

Model

25e- - Con.
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Model 25e--Con.

PROPORTION OF DEPOSITS

Figure 120. Tonnages of epithermal quartz-
alunite vein deposits.

PROPORTION OF DEPOSITS

Figure 121. Gold grades of epithermal
quartz-alunite vein deposits.
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PROPORTION OF DEPOSITS

PROPORTION OF DEPOSITS

EPITHERMAL QUARTZ--ALUNITE VEIN

Model 25e--Con.

Figure 122. Silver grades of epithermal

quartz-alunite vein deposits.
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quartz-alunite vein deposits.
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Mbdel 28a

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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Mbdel 28a- - Con.

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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vovovv v v Breccia filling and <
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g A'Iterahon “Changes in rock
~ v
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Lvovs chemistry :

:v:v:v:vvv:v - quartz’ pgr]'te cha] v:v:' Chlorite+ +Mg+Fe Na v:
Vvl il iscopyrite and gold— Vvt sericite ‘v
Chlorite+ PR

albite

e+ bttt T
++++++++F b+

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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sulfide deposits.
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Figure 147.
massive sulfide deposits.
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KUROKO MASSIVE SULFIDE
05

T I I - I I | I l
n = 432

04 |

03 p=—

02 —

00 1 ! I L L 1% 1, ! L
.01 0.025 0.063 0.16 0.4 1.0 25 6.3 16 40 100

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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DESCRI PTI VE MDEL OF LATERITIC Ni
By Donald A. Singer

DESCRI PTION Nickel -rich, in situ lateritic weathering products devel oped from dunites and
peridotites. N-rich iron oxides are nost common. Some deposits are predominantly N silicates.

GENERAL REFERENCE Evans and others (1979).

GEOLOG CAL  ENVI RONMENT

Rock Types Utramafic rocks, particularity peridotite, dunite, and serpentinized peridotite.
Age Range Precanbrian to Tertiary source rocks, typically Cenozoic weathering.

Deposi tional Environnent Relatively high rates of chemical weathering (warmhumid clinmates) and
relatively Tow rates of physical erosion.

Tectonic Setting(s) Convergent margins where ophiolite have been enplaced. Uplift is required to
expose ultramafic to weathering.

Associ ated Deposit Types Podiform chromite, PGE placers, serpentine-hosted asbestos.

DEPGSI T DESCRI PTI ON

Mneralogy Garnierite, poorly defined hydrous silicates, quartz, and goethite. Coethite commonly
contains much Ni.

Texture/Structure Red-brown pisolitic soils, silica-rich boxworks.

Alteration  Zoned--from top: (1) Red, yellow, and brown linonitic soils; (2) saprolites--
continuous transition from soft saprolite below linmpnite zone, hard saprolite and saprolitized
peridotite, to fresh peridotite. Boxwork of chal cedony and garnierite occurs near bedrock-
weat hered rock.

Oe Controls Upper linonite zone containing 0.5-2 percent N in iron-oxides; |ower saprolite and
boxwork zone typically contains 2-4 percent N in hydrous silicates. The oxide and silicate ores
are end menbers and nost mineralization contains some of both.

Wat heri ng The profile fromred-brown pisolitic soil down to saprolite represents the products of
chemcally weathered ultramafic rocks.

Ceochemical Signature Enriched in Ni, Co, Cr; depleted in MyO relative to fresh peridotite (less
than 40 percent MO .

EXAMPLES
Poro, NCAL (Troly and others, 1979)
Cerro Matoso, CLBA (Gonez and others, 1979)
Ni ckel Muntain, USOR (Chace and others, 1969)
Geenvale, AUQL (Burger, 1979)

GRADE AND TONNAGE MODEL OF LATERITIC Ni
By Donald A. Singer
COWMENTS Higher grades are typically associated with the silicate type. Numerous |owgrade (less

than 1 percent Ni) and |owtonnage deposits are not included. N ckel grade is correlated with
tonnage (r = -0.31). See figs. 189, 190.
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DEPCSI TS
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Figure 189.
deposits.

Tonnages of lateritic Ni

Figure 190. Metal grades of lateritic
Ni deposits. A, Nickel. B, Cobalt.
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Mbdel 38c

DESCRI PTIVE MODEL OF KARST TYPE BAUXI TE DEPCSI TS
By Sam H Patterson
APPROXI MATE SYNONYM Al umi num ore (Bardossy, 1982).

DESCRI PTION  Weathered residual and transported materials.
GENERAL REFERENCE Bardossy (1982).

GEOLOG CAL  ENVI RONMENT

Rock Types Residual and transported material on carbonate rocks. Transported material nay be
felsic volcanic ash froma distant source or any alumnous sediments washed into the basin of
deposi tion.

Textures Pisolitic, nodular, massive, earthy.

Age Range Pal eozoic to Cenozoic.

Deposi tional Environnent Surficial weathering mainly in wet tropical area.

Tectonic Setting(s) Stable land areas allowing time for weathering and protected from erosion.

Associ ated Deposit Types Limestone, dolonmite, and shale; sonme are associated with minor coal and
are low in Fe due to organic conpleting and renoval of Fe during fornmation.

DEPCSI T DESCRI PTI ON

M neral o Mainly gibbsite in Quaternary deposits in tropical areas. Gbbsite and boehmte nixed
in older Cenozoic deposits, boehnite in Mesozoic deposits and in Pal eozoic deposits; gangue
mnerals hematite, goethite, anatase, kaolin minerals, ninor quartz.

Texture/ Structure Pisolitic, massive, nodul ar.

Alteration Formation of bauxite is itself a formof alteration of aluminous sedinents.
Oe Controls Deposits tend to be concentrated in depressions on karst surfaces.

Wathering Intense weathering required to form bauxite. Bauxite continues to formin the present
weathering environnent in nost deposits.

Geochenmical Signature A, G

EXAMPLE European and Janmi can exanples are reviewed in Bardossy (1982).
GRADE AND TONNAGE MODEL OF KARST TYPE BAUXI TE DEPOSI TS
By Dan L. Mbsier

COWENTS See figs. 193, 194.

DEPOSI TS
Name Country Name Count ry
Abr uzzi [ TLY Camarasa-d i ana SPAN
Aceitillar DNRP Canpani a [ TLY
Adana- Sai nbeyl i TRKY O arendon Pl ateau JMCA
Akeski TRKY Dr ni s- Cbr ovac YUGO
Becei te- Fenyot o HUNG
Fuendespl ada SPAN Gant HUNG
Bul bul a | RAN Hal i mba HUNG
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BAUXITE, KARST TYPE
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Figure 193. Tonnages of karst-type bauxite deposits.
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Model 39a
DESCRI PTIVE MODEL OF PLACER Au- PGE

By Varren E. Yeend
DESCRI PTION Elenental gold and platinumgroup alloys in grains and (rarely) nuggets in gravel)
sand, silt, and clay, and their consolidated equivalents, in alluvial, beach, eolian, and (rarely)
glacial deposits (see fig. 195).

GENERAL REFERENCES Boyle (1979), Mélls (1973), Lindgren (1911).

GEOLOG CAL  ENVI RONMENT

Rock Types Aluvial gravel and conglonerate with white quartz clasts. Sand and sandstone of
secondary 1 nportance.

Textures Coarse elastic.
Age Range Cenozoic. Oder deposits may have been formed but their preservation is unlikely.
Deposi tional Environment H gh-energy alluvial where gradients flatten and river velocities |essen,

as at the inside of neanders, below rapids and falls, beneath boulders, and in vegetation mats.
Wnnowi ng action of surf caused Au concentrations in raised, present, and subnerged beaches.

Tectonic Setting(s) Tertiary conglonmerates along mejor fault zones, shield areas where erosion has
proceeded for a Tong tinme producing nmulticycle sediments; high-level terrace gravels.

Associ ated Deposit Types Black sands (nagnetite, ilnenite, chromte); yellow sands (zircon~
nmonazite). Au placers commonly derive from various Au vein-type deposits as well as porphyry
copper, Cu skarn, and polynetallic replacenent deposits.

DEPCSI T DESCRI PTI ON

M ner al ogy Au, platinumiron alloys, osmiumiridium alloys; gold commonly with attached quartz,
magnetite, or ilmenite.

Texture/Structure Fl attened, rounded edges, flaky, flour gold extremely fine grained flakes; very
rarely equidinensional nuggets.

Oe Controls  Highest Au values at base of gravel deposits in various gold “traps” such as natural
riffles in floor of river or stream fractured bedrock, slate, schist, phyllite, dikes, bedding
planes, all structures trending transverse to direction of water flow Au concentrations also
occur within gravel deposits above clay layers that constrain the downward migration of Au
particles.

Geochenical Signature  Anomal ous high anounts of Ag, As, Hy, Sb, Cu, Fe, S, and heavy ninerals
magnetite, chromte, ilnenite, hematite, pyrite, zircon, garnet, rutile. Au nuggets have
decreasing Ag content with distance from source.

EXAMPLES
Sierra Nevada, USCA (Lindgren, 1911; Yeend, 1974)
Victoria, AWT (Knight, 1975)

GRADE AND TONNAGE MODEL OF PLACER Au-PGE
By Geta J. Oris and James D. Bliss
REFERENCE Orris and Bliss (1985).

COMMENTS Placers used for this nodel are predominantly Quaternary in age and alluvial in nature.
Many of the placer deposits contain a mix of depositional environnents and energy |evel--deposits
along mnor tributaries have been worked with deposits downstream on a higher order stream bench
(or terrace) gravels have been mined with nore recent deposits on valley floor. Some of the
placers included in this nodel were forned by conplex glacial-fluvial processes. Deposits not
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included in this nodel are those primarily cataloged as desert placers, pre-Tertiary or Tertiary
age placers, beach placers, eolian placers, residual placers, eluvial placers, and gravel-plain
deposits.  These types, however, may be mnor conponents of those deposits selected to be

included. In nost cases, the grade and tonnage figures are for districts or for placer operations
within one mle (1.6 km) of one another. For sone placers, early production figures were nissing
due to poor records of early gold rush work. In nost cases, reserve figures (if a reserve is

known) are not available. Sone tonnage figures were estimated from approximte size of workings.
Sone grades were based on very limted information and in some cases extrapolated from information
on manpower figures, type of equipnent used, and estimates of the total contained gold produced.

Cutoff grades are dependent on the mining nethods used to exploit placers. Methods of placer
mning included in this nmodel are as diverse as the depositional environment. These nethods
include panning, sluicing, hydraulic nining, and dredging. Draglines were used to nine sonme
placers. Cut-off grades are also dependent on the value of gold during the period, or periods, of
operation.

Sonme placer deposits were excluded due to grade or tonnage figures not conpatible with the
mjority of placers found in the nodel. Placers exploited through drift nmining exhibit grades that
are too large and tonnages that are too small to be included in this nodel. Simlarly, the large
regional placers formed at the junction of nountainous areas and an adjacent plain or valley were
excluded because they can be mined with |arge-volune dredges which are econonmic at grades not
viable under other conditions. Both grades and tonnages of these placers are inconpatible with
this nodel.

Placer sizes were initially recorded in terms of cubic nmeters and the grades recorded as grans
per cubic meter. In order to conformto other deposit nodels herein, deposit volune and grades
have been converted to metric tons and grams per metric ton using 2.0 metric tons per cubic neter--
the average density of wet sand and gravel. Gold grade is correlated with tonnage (r = -0.35) and
with silver grade (r = 0.66, n = 16). See figs. 196, 197.

DEPCSI TS

Name Country Nane Country
Adel ong Creek AUNS Humbug Creek USOR
Am (MIIs) Placer USCo Hundred Dol lar @Qulch UsI D
Aral uen Valley AUNS lowa Qul ch USCo
Bannack USMr Jenbai cumbene Creek AUNS
Big Badja River AUNS Jordan Creek Usi D
Bl ue River UsCo Lanb Creek Usi D
Boul der River usmr Llano de Oo USOR
Bul I run Pl acer USOR Lowe Pl acer usCco
Buxton Creek CNBC Lower Beaver Creek usco
Camanche USCA Lowl and Creek usmr
Cobweb Di ggi ngs AUNS Lynx Creek USAZ
Copper Basin USAZ M ssouri Creek USCo
Corduroy Creek UsiD Mtchell Creek Uusmr
Crooked Creek Usi D Nugget Creek (South Fork) UsI D
Cul I engor al AUNS Ophi r usmr
Deep G avel USCR Pact ol us usco
Dixie Placer USCR Picuris USNM
El Dorado usmr Pi oneer USMr
El khorn Creek usmr Prickly Pear Creek usmr
Elliston usmr Rio Challana BLVA
Fall Creek Usi D Rio Chimte BLVA
Foots Creek USCR Rio Tuichi (upper reach) BLVA
Forest Creek USOR Rio Yol osano BLVA
French Gulch USCo Rio Yuyo BLVA
George Prezel UsiD Sand Creek UsID
Georgia Qulch usco Schi ssler Creek UsID
Gold Run (Summit Co.) usco Snowstorm area USCo
Gold Run (Boul der Co.) US100) Sterling Creek USOR
Col den Rule UsI D Sunpt er Bar USCR
G een River usut Swan River USsCo
Horse Praire usMmr T93-R77W Pl acer usco
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Figure 195.

concentrations typical of placer Au~PGE deposits.
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PLACER GOLD--PGE
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DESCRI PTI VE MODEL OF SHORELINE PLACER Ti
By Eric R Force

DESCRIPTION Ilnenite and other heavy minerals concentrated by beach processes and enriched by
weat heri ng.

GENERAL REFERENCE Force (1976).

GEOLOG CAL  ENVI RONMENT

Rock Types \ell-sorted medium to fine-grained sand in dune, beach, and inlet deposits commonly
overlying shall ow marine deposits.

Age Range Commonly Mocene to Hol ocene, but may be any age.

Deposi tional Environment Stable coastal region receiving sediment from deeply weathered
netanorphic terranes of sillimanite or higher grade.

Tectonic Setting(s) Mrgin of craton. Crustal stability during deposition and preservation of
deposits.

DEPCSI T DESCRI PTI ON

Mneralogy Atered (low Fe) ilmenite + rutile * zircon. Trace of nonazite, magnetite, and
pyroxene; anphibole rare or absent. Quartz greatly exceeds feldspar.

Texture/ Structure Elongate “shoestring” ore bodies parallel to coastal dunes and beaches.

Oe Controls High-grade netanmorphic source; stable coastline with efficient sorting and w nnow ng;
weat hering of beach deposits.

Wathering Leaching of Fe fromilnenite and destruction of labile heavy ninerals results in
residual enrichnent of deposits.

Geocheni cal and CGeophysical Signature High Ti, Zr, REE, Th and U Gamma radionetric anomalies

resulting from nonazite content. [nduced-polarization anomalies from ilnenite.
EXAVPLES

Geen Cove Springs, USFL (Pirkle and others, 1974)

Trail Ridge, USFL (Pirkle and Yoho, 1970)

Lakehurst, USNJ (Marki ewicz, 1969)

Eneabba, AUWA (Lissimn and Oxenford, 1973)

GRADE AND TONNAGE MODEL OF SHORELINE PLACER Ti
By Emi| D. Attanasi and John H. DeYoung, Jr.

COWENTS Grade and tonnage estimates represent mining units rather than individual |enses. Gades
are represented as percent TiQfromrutile, ilnenite, |eucoxene, percent ZrQfrom zircon, and
percent rare-earth oxides from nonazite. Zircon is correlated with rutile (r = 0.49, n = 50),
ilmenite (r = 0.58, n = 52), leucoxene (r = 0.55 n = 24), and nonazite (r . 0.55, n = 29).
[Imenite is correlated with |eucoxene (r = 0.66, n = 24) and with nonazite (r = 0.66, n =
figs. 201-205.

29). See

DEPOSI TS

Nane Country Name Country
Agnes \iters AUQL Boul ougne- Fol kst on USFL
Bar ryt own NZLD Bridge H Il Ridge AUNS
Birchfield NZLD Brunswi ck- Al t amaha USGA
Bot havi | | e- Camar at uba BRZL
V@l mar ansst ad SAFR Capel Shoreline AUWA
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Carolina SAFR Munbinea Shoreland AUWA
Charleston-B Ussc Munmorah AUNS
Charleston-C [INN1 Muriwai NZLD
Charleston-I1 UsSscC N.L. Industries
Charleston-K UsSSC (Aurora) USNC
Charleston-L USSC N. Stradbroke Island AUQL
Charleston-N USSC Natchez Trace State
Cumberland Island USGA Park USTN
Curtis Island AUQL North Camden (Keer-
East Rosetta EGPT McGee) USTN
Eneabba Shoreline AUWA Oak Grove (Ethyl) USTN
Evans Head-Wooll area AUNS Orissa (Chatrapur) INDA
Fraser Island AUQL Poerua River NZLD
Gingin Shoreline AUWA Pulmoddai SRIL
Gladstone Mainland AUQL Quilon (Chavara) INDA
Green Cove Springs USFL Richards Bay SAFR
Highland-Trail Ridge USFL Ross NZLD
Hilton Head Island USScC Scott River AUWA
Hokitika North NZLD Ship Island USMS
Hokitika South NZLD Silica Mine USTN
Inskip Point (Cooloola Stockton Bight AUNS
area) AUQL Tuncurry-Tomago area AUNS
Jacksonville Area USFL Waiho River NZLD
Karamea NZLD Waroona Shoreline AUWA
Lakehurst (Glidden) USNJ Westport NZLD
Manavalakurichi INDA Yoganup Shoreline AUWA
Manchester (Asarco) USNJ Yulee USFL
Moreton Island AUQL
SHORELINE PLACER TITANIUM
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Figure 201. Tonnages of shoreline placer Ti deposits.

6300

Model 39c--Con.

2N



Model 39c--Con.

Figure 202. Zr0, grades from zircon in
shoreline placer Ti deposits.

Figure 203. Ti0, grades from ilmenite in
shoreline placer Ti deposits.
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Figure 204, TiO, grades from rutile in
shoreline placer Ti deposits. :
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Figure 205. Other metal grades of
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