




















Figure 6.23. Map showing interpreted conduits and paragenetic stages of HTD conceptual model.



Figure6.24. Northing Versus Total Gases (C1+) in Soils for PIZ Profile
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Figure 6.24. Northing versus total gases (C1+) in soils for PIZ profile.
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APPENDIX A: MAGMA-METAL SERIES MODELS USED IN THIS REPORT



MAGMA-METAL SERIES MODELS USED IN TEXT OR LISTED ON PLATE 2 - MISSISSIPPI VALLEY TYPE

AND RELATED MODELS.

complexes. Causative mechanism may be peridotite hydration by low-

rank metamorphic fluids generated by dew atering in the ophiolite
complex.

Mega Series Sub- Mini- Micr Sort Model Model Dcscription”'m DEPOSIT TYPE/ZONE - MAGM A METAL SERIES MODEL
Series (alka- series series o- Code® (*)'"; Examples'?
(alum. linity) (H20 (F-C1 serie Code(*)’ Nanoseries
¢ont.) content) con- s MODEL TERMINOLOGY OF OTHER WORKERS"
tent)* (Oxi (Emplacement Level/Tectonic Setting)

d.

State

)3
M M ah N T 500520 50 Methane-hydrogen seeps from magnesian peridotite in ophiolite ZAMBALES TYPE - MAGNESIAN METHANE-

HYDROGEN GAS DEPOSITS

Methane-hydrogen gas seeps in peridotite near Mount Lanat
within the Zambales ophiolite complex, Phillipines;
serpentines(?) in Germany; methane, ethane, and hydrogen
in Semail ophiolite, Oman; Moncheheyorsk ultramafic
pluton(?), Kola Peninsula, Russia.
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Mega Series Sub- Mini- Micr Sort Model Model Description DEPOSIT TYPE/ZONE - MAGM A METAL SERIES MODEL
Series (alka- series series o- Code® (*)'"; Examples'?
(alum. linity) (H20 (F-C1 serie Code(*)’ Nanoseries
¢ont.) content) con- s MODEL TERMINOLOGY OF OTHER WORKERS"
tent)* (Oxi (Emplacement Level/Tectonic Setting)
d.
State
)3
M M ah N TSS - 500525 5P Metagenic, oil and/or gas-bearing, hydrothermal dolomite reservoirs. TRENTON-BLACKRIVERTYPE - HYDROTHERMAL
T Source may be strongly reduced to reduced, mafic to ultramafic OIL AND GAS HOSTED IN HYDROTHERMAL

magnesian (komatiitic and peridotitic), subcrustal lithospheric mantle
beneath cratons and Proterozoic craton margins. Komatiitic and
peridotitic components of greenstone belts may also be sources within the
crust above the lithospheric mantle.

Depositional sequence features early dolomitization (Mg metasomatism)
of pre-existing CaCO3 limestones; followed by sulfide deposition
(marcasite, pyrite, and trace sphalerite) coincident with bitumen, oils,
methane; followed by late calcite +/- bitumen deposition. Paragenetic
sequence is very similar to MVT (M AC34B model). Dissolution, crystal
volume reduction, acoompanied by permeability/ porosity enhancement
and solution collapse, is coincident with early stage dolomitization, along
with extensive hydrothermal ‘karsting’.

Ultimate source may be associated with devolatilization, serpentinization,

and metagenic fluid generation of a high C-Mg, olivine-rich source (e.g.
peridotite). The fluid generation may occur during continental assembly
events (in the same setting as MVT (M AC34B model). Metagenically
derived fluids then may ascend a high-angle fault and/or thrust framew ork
and become entrained in first permeability calcium limestone reservoir
permeability at or near the base of the local Paleozoic cover sequence.
Field/reservoir setting is commonly foreland of the collisional suture
within the craton.

Oil- and gas-bearing and/or inorganic carbon-bearing (CO, H,CO3, fluids
may accompany the metagenic fluids to the emplacement site and/or be
generated by carbon monoxied?/carbonic acid reduction during deposition
of the early stage, rhombic/ saddle/baroque dolomite.

Model is actively being researched and validated.

DOLOMITE RESERVOIRS

Hosted in hydrothermal dolomite inTrenton-Black River
group: deep gas fields (Gloades Corner) in Steuben
County?, New York; deep gas in Kankakee Arch between
Illinois and Michigan Basins?, northern Indiana; Albion-
Scipio gas field, Stoney Point oil and gas field, Deerfield
oil and gas field, Mich.; Lima-Indiana trend, OH-IN;
southern Ontario oil and gas pools (Hillman pool in Essex
County and Dover oil and gas fields, southern Kent
County, Ont., Canada.

Oil and gas reservoirs hosted in hydrothermal dolomite
and/or chert of the Wabamun reservoir trend, Peace
River, Alberta: Tangent, Teepee, Royce, Oak,
Normandville, Peoria, Eaglesham, and Gold Creek
hydrothermal dolomite-hosted oil and gas fields in the
Peace River block of western Alberrta; Parkland
hydrothermal chert reservoir in Parkland gas field,
northwestern Alberta.

Hosted in hydrothermal dolomites Slave Point and Keg
River Platform areas, northeast BC (gas) and northwest
Alberta (oil and gas): Helmet, Tsea, Cabin, Kotcho Lake,
Kotcho East, Yoyo, Junior, Clarke Lake, Klua, and
Adsett gas fields, BC; Otter Park Basin, Cordova
Embayment, Shekilie sub-basin, Zama, Amber, and
Rainbow oil and gas fields, Comet Platform Alberta;
Slave Point and Cranberry fields, northwest Alberta.

Hosted in hydrothermal dolomite in Mississippian Debolt
reservoirs of the Sikanni-Grassy-Pocketknife Trend,
northeastern BC: Debolt Sikanni field, NE BC;

Hosted in ‘caprock-destroying’ hydrothermal dolomite in
Jurassic and Cretaceous limestone reservoirs in 2 zones
peripheral to the Gatnia Salt Basin, Saudi Arabia.
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Mega Series Sub- Mini- Micr Sort Model Model Description DEPOSIT TYPE/ZONE - MAGM A METAL SERIES MODEL

Series (alka- series series o- Code® . (*)'"; Examples'?

(alum. linity) (H20 (F-C1 serie Code(*)’ Nanoseries s

¢ont.) content) con- s . . MODEL TERMINOLOGY OF OTHER WORKERS

tent)* (Oxi (Emplacement Level/Tectonic Setting)
d.
State
)3
a rvs- ethane-rich fluid plumes derived from prograde -

M C h M 500945 5X Meth ich fluid pl derived fi d ALPINE PERIDOTITE TYPE - CALCIC

r metamorphism (especially dewatering at greenschist- SERPENTINITE-RELATED METHANE PLUMES
amphibolite transition of harzburgitic peridotite complexes. Central Alpine harzburgitic peridotites?

M C ah N Rs 500950 5Y Methane-HC gas-rich fluid plumes derived from hydrous OPHIOLITE/FOREARC TYPE — CALCIC
metamorphism at greenschist transition of olivine in SERPENTINITE-RELATED METHANE PLUMES
harzburgitic portion of mélange wedge. Serpentinization
may be ?ccompanied by su‘bs.equent cold diapir‘ism ] Serpentine diapir cores to mounds and seamounts with
(protrusion) of the serpentinite through overlying mélange methane-HC gas in pore space and methane in fluid
wedge material. inclusions from associated carbonate chimneys in the

Mariana forearc; serpentinite-hosted oil fields in Cuba (e.g.
Jarabucca).
M AC an AN-R r 170007 17N Vanadium-rich (Ti, Fe) spinel (mainly titaniferous BUSHVELD (MAIN ZONE) TYPE - ALKALI-CALCIC
0 magnetite) magmatic segregations within clinopyroxene

labradoritic anorthosite differentiates of quartz alkaline,
clinopyroxene high-alumina ferronorites and gabbros
(leucotroctolite). Compared to similar 34P model, Ti-V rich
magnetite is main opaque oxide (contrasted with Ti-rich
ilmenite in MQA34p model. Proximal relationship to gabbro-
ferrodiorite is more frequent in MAC17N model compareed to
34P model

Differentiation may be dominated by laterally pressure-driven
flow differentiation (unmixing) under non-equilibrium
conditions. Formation of compositional layers is due to liquid-
liquid fractionation induced by flow differentiation followed by
within-layer, gravity-driven, crystaldiquid
settling/fractionation.

MAGMATIC IRON-VANADIUM (TITANIUM) OXIDE
SEGREGATIONS*

Vanadiferous and titaniferous magnetite 'seams' in upper
zone of Bushveld complex. Other labradoritic anorthosite
massifs: Michigamu and Nain Massifs (e.g. Harp Lake
complex), Grenville Province, Quebec-Labrador; Lofoten
massif, Norway; Angola massif, Angola. Ferrogabbro-
anorthosite hosted: Newboro Lake, Ontario, Magpie Mtn.,
St. Charles, Lac Dore, Quebec; Kiglapait, Labrador;
Smaalands-Taberg, Sweden; Kachkanar and Kusinkoye,
former U.S.S.R.; San Gabriel and Orocopia (San Gabriel
Complex), CA; Iron Mtn., WY titaniferous lunar
anorthosites.

MAGMATIC VANADIUM; TABERG TYPE, GABBRO
ANORTHOSITE-HOSTED IRON-TITANIUM;
MAGMATIC-MAFIC, FE THOLEITE IRON-
VANADIUM-TITANIUM
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Mega Series Sub- Mini- Micr Sort Model Model Description DEPOSIT TYPE/ZONE - MAGM A METAL SERIES MODEL
Series (alka- series series o- Code® (*)'"; Examples'?
(alum. linity) (H20 (F-C1 serie Code(*)’ Nanoseries .
¢ont.) content) con- s MODEL TERMINOLOGY OF OTHER WORKERS
tent)* (Oxi (Emplacement Level/Tectonic Setting)
d.
State
)3
M AC h N 0s 310040 31D Epithermal, Fe (polymetallic, Sc,Y,F,P) fluorapatite veins, KIRUNA TYPE - ALKALI-CALCIC IMMISCIBLE IRON
0 massive replacement, or immiscible oxide magma (I0S) OXIDE (FLUORAPATITE,SCANDIUM,Y
31D.1 associated with hypabyssal, oxidized, alkali-calcic, quartz . .
310040 latites (Kiruna/Pea Ridge type). Stage 3 in MAChos serial Intn.ls.lve magma/replacements: Cerro Mercado, Sierra
0.1 31D.2 sequence. Similar to Mac27H model, but lacks fluorite and M’M and El Vf)lcan, Mex.; El Carmen,
barite. Unlike similar style IOS magnetite deposits of Chile; Kiruna (Henry, Rektorn, Kirunavoara, Luossavaara,
310040 Mc7H model, 31D model contains fluorapatite (rather than H.auklvaara, and.Nuk.utusvaara), Sweden; Modal:elh, NV; Pea
0.2 chlorapatite) and is associated with K-rich quartz latitic Ridge, MO; Aunik (Bingol), SE Turkey; Bafq, Mishdovan,

rhyolitic volcanism (rather than low-K diorites).

Associated with alkail-calcic portion of hydrous magmatic
arcs emplaced into tectonically mature, oxidized crust in
compressive/transpressive tectonic settings.

Chador Malu, Zaragan, and Kushk, central Iran. Glacier
Lake?, Contact Lake? Terra?, Blanchet Island? Labelle
Peninsula?, and Regina Bay?, NW1

Magnetite-apatite flows: El Laco, Magnetita Pederrales?, El
Carmen, and Hermotita?, Chile
KIRUNA TYPE, PEA RIDGE TYPE, VOLCANIC-HOSTED

MAGNETITE; IRON OXIDE BRECCIAS AND VEINS;
OLYMPIC DAM TYPE
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Mega Series Sub- Mini- Micr Sort Model Model Description DEPOSIT TYPE/ZONE - MAGMA METAL SERIES MODEL
Series (alka- series series o- Code® (*)'"; Examples'?
(alum. linity) (H20 (F-C1 serie Code(*)’ Nanoseries .
¢ont.) content) con- s MODEL TERMINOLOGY OF OTHER WORKERS
tent)* (Oxi (Emplacement Level/Tectonic Setting)
g;atc
)3
M QA h N ow 3400600 | 34A* Epigenetic and metagenic(?), telethermal, Cu (PGE-Au-Ag- KUPFERSCHIEFER TYPE - QUARTZ ALKALIC
Co-Bi, Pb [Zn], Ni, U, HC), hosted in anoxic marine rocks. BLACK SHALE-SILTSTONE HOSTED COPPER-PGE
Can be associated with extensive Na-Ca propylitic and/or (GOLD-SILVER-COBALT-BISMUTH)*
early(?) hematitic (Rotliegendes) alteration. Pb-Zn-Ag zones | Copper portion: Lubin (Kupferschiefer), Poland;
3400600. | 34A.1 may be developed distal to Cu-U-PGE (Co, Ni) zones. Blackbird?, ID; Tar Sands?, Alberta; Redstone, NWT;
1 Methane gas zones may develop in outermost distal zones. White Pine?, MI; Creta?, OK; upper Windsor Group,
May be metagenetically derived(?) from dewatering of Cu- Nova Scotia, New Brunswick; Lady Annie?, Mt Isa (Cu)?,
(PGE, Au, U, Co, Bi, Ni, C) rich, weakly oxidized, MQA N. Australia; Redstone, June Creek, and Hottah Lake,
basement sources (e.g. shoshonitic volcanism in basement NWT; Lochaber Lake, Nova Scotia; Seal Lake area,
beneath Lubin) and Eastern Creek shoshonitic volcanics in Labrador; Kurpandzha, eastern Russia.
basement beneath Mt. Isa, and Keweenaw high-K volcanics in
basement beneath Black Pine), which have experienced Pb-Zn-Ag distal(?) to Cu: Lady Loretta, Mount Isa (Pb)?,
34A.2 greenschist/ amphibolitic facies metamorphism). N. Australia; copper occurrences in the Pictou Group (e.g.
3400600. Compared to similar 39 — Zambian type red bed copper Canfield, Oliver, Limerock, McClellan Brook, Rights
2 model, Kupferschiefer type is suggested to be related to River, Yankee Line Road, and Frenchvale), Nova Scotia;
ascending hydrothermal fluids metagenically derived from Lubin NE and Rudna SE at Lubin, Poland.
underlying shoshonitic, MQA volcanic terranes in basement
beneath typically reduced silici-clastic cover sequences. In With hydrothermal hydrocarbon product(s): Lubin,
34A.3 contrast, Zambian type is envisioned to be deposited from Poland; extensive gas deposits upsection from Lubin,
descending meteoric waters utilizing permeability and Poland, may have been produced by hydrocarbon synthesis|
3400600. oxidized continental red bed sequences and may be derived during deposition of underlying Lubin deposits (especially
3 from surficial MQA basaltic sources lateral to the red bed the PGE component).

sandstone facies.

SEDIMENT-HOSTED STRATIFORM COPPER,
KUPFERSCHIEFER TYPE; AGUA-REDOX
(SUBHYDROTHERMAL) COPPER?; SEDIMENT-
HOSTED COPPER




Mega Series Sub- Mini- Micr Sort Model Model Dcscriptions‘g'm DEPOSIT TYPE/ZONE - MAGM A METAL SERIES MODEL
Series (alka- series series o- Code® (*)'"; Examples'?
(alum. linity) (H20 (F-C1 serie Code(*)’ Nanoseries .
¢ont.) content) con- s MODEL TERMINOLOGY OF OTHER WORKERS
tent)* (Oxi (Emplacement Level/Tectonic Setting)
g;atc
)3
M? AC? N-R? R-0 3400500 | 34B Epigenetic and metagenic(?), Pb-Zn (Cu, Cd), +/- F, Ba, Co, MISSISSIPPI VALLEY TYPE - ALKALI-CALCIC
Ni, Mg, Sr, HC, telethermal, replacements commonly in LEAD-ZINC TELETHERMAL REPLACEMENTS
karstic, lower Paleozoic carbonate/clastic sequences (MVT)*
3400500. | 34B.1 (Mississippi Valley Type or MVT). Metals were released? Stratabound replacements: Tri-state (Joplin, MO; Baxter,
1 from underlying?, rapakivine?, metaluminous?, KS); Rosiclaire, IL); Racine, WI; Galena (Missouri Lead),
peraluminous?, and alkalic-calcic?, granitoid? basement as MO; Gayna River and Pine Point, NWT; Irish lead—zinc
metagenic fluids generated by dewatering at chlorite-stable deposits (Navan, Silver Mines, and Tynagh)?; Upper Silesia
greenschist-amphibolite facies metamorphism during crustal | Zn-Pb deposits (Boleshaw, Pomorzony, and Trezbionka),
thickening episodes related to late collisional orogenic events. | Poland; Polaris, NWT; Robb Lake, BC; Nanisivik, Baffin
Low silver contents distinguish MVT type from all other Island; Gays River, Quebec; Newfoundland Zinc, NF;
MAC and PAC Pb-Zn-Ag-bearing models (except for similar | East Tennessee (Mascot-Jefferson City, Copper Ridge,
25GG model). Zn-Fe-rich character (relative to silver and, to | Sweetwater areas), central Tennessee; Hansonburg, NM;
a lesser extent, lead) may be related to selective release of Zn | Mibladen?, Morroco; Bov Beker-El Abed, Morroco-
and Fe from destabilization of greenschist facies minerals (e.g.| Algeria; Wagon Pass, Twelve Mile Bore, Cadjebut, and
chlorite) in contrast to feldspar (a lead-silver sink), which is Blendevale, NW Australia; Coxco, Cooley and Ridge,
stable across most steps in metamorphic grade. HYC? (McArthur River), N. Australia; Pearyland,
Low silver content makes MVT model less economic Greenland; Dairi?, Sumatra; San Vicente, Central Peru;
compared to other giant sized Pb-Zn-Ag models, such as the Timberville, VA; Freidensville, PA; Nitlany Arch, PA;
24, 24D, 24J, and 25 models. These models typically are Shawangunk, NY.
associated with higher temperature, intrusive-related Veins: Navarana Fjord Zn-Ba (Pb-F) deposit, north
34B.2 carbonate replacements. Greenland
3400500. All deposits contain an early phase of low-temperature With hydrothermal humate/ hydrocarbon (HC) product(s):
2 34B.3 (mainly 100-200 degrees C) hydrothermal, rhombic, saddle, methane in East Tennessee,Timberville, VA and Gays
or baroque dolomite. 12% decrease in volume during early River, Nova Scotia; humates in the Upper Silesian Pb-Zn
3400500. dolomitization may enhance permeability and induce locally | deposits, Poland; San Vicente (pyrobitumen and extrinsic
3 extensive hydrothermal ‘karst’. HC), central Peru; Navarana Fjord (bitumen), north
Deposit type shares many similarities with hydrothermal Greenland.
dolomite-hosted oil and/or gas deposits (e.g. Railroad Valley,
NV of the 45M model, and Gloades Corner, Steuben County, | MISSISSIPPI VALLEY TYPE (MVT); HYDRO-MESO-
NY of the 5P model), implying similar processes of formation.| THERMAL LEAD-ZINC; SE MISSOURI LEAD-ZINC
M? AC? N-R? r-o 3400510 | 34BA High temperature, mesothermal, early ‘rhombic’ SOUTHEAST MISSOURI ZONE of the MISSISSIPPI

dolomitization of footwall carbonates. Predates Pb-Zn
sulfide deposition of 34B model.

VALLEY TYPE - EARLY RHOMBIC
DOLOMITIZATION of FOOTWALL CARBONATES
within the MISSISSIPPI VALLEY TYPE

All deposits in 34B model (see above).
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Mega Series Sub- Mini- Micr Sort Model Model Dcscription“'m DEPOSIT TYPE/ZONE - MAGM A METAL SERIES MODEL
Series (alka- series series o- Code® (*)'"; Examples'?
(alum. linity) (H20 (F-Cl serie Code(*)’ Nanoseries s
¢ont.) content) con- s MODEL TERMINOLOGY OF OTHER WORKERS
tent)* (Oxi (Emplacement Level/Tectonic Setting)

d.

State

)3
M QA an AN-R R S .

3400700 34P* Magmatic, Ti-Fe-V(P, U, Co, S), immiscible oxide segregates ALLARD LAKE TYPE - QUARTZ-ALKALIC ANDESINE
(I0S) (ilmenite-apatite magma), in and near the base of ferro ANORTHOSITE-RELATED IMMISCIBLE TITANIUM-
syenogabbro-diorite (jotunite) intrusions, and as dike-like bodies IRON-VANADIUM-APATITE MAGMA*
in or near massif- type katazonal to mesozonal, hypersthene . . . .

3400700.1 | 34P.1 andesine anorthosite bodies or rutile-apatite dikes (nelsonite) in Immiscible oxide segrega‘ltes n anorth{mte : Ms
or adjacent to andesine anorthosites. Compared to similar 17N NY; M (Lac‘Tlo); Degrosbms' Lac des Pins Rouges,
model, principal oxide mineral is ilmenite, compared to Ivry, (Morin anorthosite) and St. Urbain, Que.; Egersund
vanadiferous, titaniferous magnetite in MAC 17N model (Tellnes, Storgangen, Bjafjell, Aana-Sira) and Lofoten,

34007002 | 34P.2 Norway; Kunene, Namibia-Angola; Ilmen Mountains,

3400700 | 34P3 Differentiation is dominated by laterally pressure-driven flow former U.S.S.R.;

3

differentiation (unmixing) under non-equilibrium conditions. .
Formation of compositional layers is due to liquid-liquid
fractionation induced by flow differentiation followed by within
layer, gravity-driven, crystal-liquid/settling/fractionation.

Nelsonite dikes: Roseland, VA

Nelsonite segreations: Labrieville and St. Urbaine Quebec;
Bogidenskoe, Gayumskoe, Maimkanskoe, and Dzhaniskoe,
Far Eastern Russia.

ANORTHOSITE TITANIUM; MAFIC INTRUSIVE-
HOSTED TITANIUM IRON; ALLARD TYPE;
MAGMATIC-MAFIC, IRON THOLENTE TITANIUM;
ANORTHOSITE APATITE Ti-P; MAGMATIC FR-TIHV
OXIDES DEPOSITS
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Mega Series Sub- Mini- Micr Sort Model Model Description DEPOSIT TYPE/ZONE - MAGM A METAL SERIES MODEL
Series (alka- series series o- Code® (*)'"; Examples'?
(alum. linity) (H20 (F-C1 serie Code(*)’ Nanoseries
¢ont.) content) con- s MODEL TERMINOLOGY OF OTHER WORKERS"
tent)* (Oxi (Emplacement Level/Tectonic Setting)

d.

State

)3
M A h N 0s 390000 39* . I .

Q 0 Epithermal, Cu-Ag(Au, As, Na-Ca) deposits in oxidized KEWEENAW TYPE - QUARTZ ALKALIC EPITHERMAL

trachybasalts (commonly native Cu in amygdule spaces).
1st? stage in hypabyssal MQA hos serial sequence.
Shoshonitic host rock-specularite-copper ‘oxide’ assemblage
distinguishes 39A, 39, and 36 model from all other models.

Associated with trachybasalt shoshonitic volcanism and
syenodioritic hypabyssal intrusions in quartz alkalic
portions of transpressive arcs or transtensional cratonic or
rift volcanism emplaced into deep-seated, strike slip faults
within tectonically mature, oxidized to strongly oxidized
crust.

NATIVE COPPER (SILVER) VEINS and AMYGDULE
FILLINGS*

Keweenaw Peninsula basalt (conglomerate) copper deposits
(Mohawk, Baltic, Isle Royal, Allouez, Pewabic, Kingston, Mt.
Bohemia, Kearsarge, Osceola, Calumet-Hecha), MI;
Karmutsen basalts (Vancouver Island), Nicola Basalts, Purcell
basalts, Natkusiak basalt (Victoria Island), Hazelton-Takla
basalts, and Sustut, BC; La Colorada, AZ; Coppermine River,
(Copper Lamb, Jack Lake, Coppercorp, 47 zone, and
Mamainse Point) NWT; Sierra Ancha basalts, AZ; Boyer
(Table Mtn.), NV; White River, Yukon; Northstar, BC; Cu
(Ag) deposits in Jurassic La Quinta Formation (Sebuco-El
Cobre, Cano Tigre, El Rincon, and El Tuto Casacajales),
Columbia-Venezuela

KEWEENAW TYPE COPPER; VOLCANIC REDBED

COPPER; BASALTIC COPPER; METAMORPHIC-
HYDROTHERMAL COPPER
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Mega Series Sub- Mini- Micr Sort Model Model Description DEPOSIT TYPE/ZONE - MAGM A METAL SERIES MODEL
Series (alka- series series o- Code® (*)'"; Examples'?
(alum. | linity) | (H20 (F-CI serie Code(¥)’ | Nanoseries "
¢ont.) content) con- s MODEL TERMINOLOGY OF OTHER WORKERS
tent)* (Oxi (Emplacement Level/Tectonic Setting)
d.
State
)3
M QA h N 0-05 | 3900100 | 39A Epithermal, Cu-Ag-Fe (as specularite) deposits in or near
quartz alkalic, mafic dikes or mantos in oxidized, KENNECOTT TYPE (VEINS) and MANTOS BLANCOS
mafic/intermediate, high-potassium, sheshonitic volcanics. 2" TYPE (MANTOS) - QUARTZ ALKALIC EPITHERMAL
3900100. | 39A.1 stage in hypabyssal, MQA ho serial sequence. Chlorite-albite COPPER-SILVER SPECULARITE MANTOS, VEINS, and
1 : ) alteration is common. Lack potassium metasomatism FRACTURE FILLS
compared to similar-appearing volcanic-hosted mantos of .
Candelaria type MQA44J model. Shoshonitic host rock- Mantos: Matamoros, El Grullo, and Jimulco?, Mex.; Bue.no
specularite-copper ‘oxide’ assemblage distinguishes 39A, 39, and | Esperanza, Santo Domingo, and Mantos Blancos, Ivan, Sierra
36 model from all other models. de Valenzuel‘a, Sierra del Ar‘l)cha, Manto.s de la Luna, Michilla,
3900100 3942 Associated with trachybasalt shoshonitic volcanism and ;(:)r:tl}l;::rcll;l(l:e’ Abbas-Abad?, Iran; Bleida, Morroco;
2 ’ syenodioritic hypabyssal intrusions in quartz alkalic portions of ’
transpressive arcs or transtensional cratonic rift volcanism . . .
emplaced into tectonically mature, oxidized to strongly oxidized | Veinsand Fracture Fills: Kennecott (Erie, Jumbo, Bonanza,
crust. Mother Lode, Green Butte, Westover), AK; Humo SE
Jecacahui, Guadalupana?, Santo Nino, NW Mexico; El
Barqueno?, and Ayutla?, central Mexico; Lobo Muerto,
Estacion Varillas, El Desesperada, Ivan, Emperatariz, Sierra
de Valenzuela, Porte Zuelo, Sierra del Ancha, Sierra la
Sardena, Michilla, Palmira?, Santo Domingo (Africa), and
39A.3 Caturra?, El Soldado, northern Chile; Great Bear Magmatic
Zone (Sue-Dianne); Van Horn (Hazel, Black Shaft, Sancho
35;,0010 Panza, Hackberry, St. ElImo, Mohawk, and Pecos)?, west
0.

Texas; Huehuetenango?, Guatemala

Near dikes: Ajo Cornelia, Cardigan, Dunns Well, Swansea,
Clara, Cleopatra, and Mineral Hill, AZ; San Mateo,
Guatemala; Cerro Cobre?, Guatemala.

VOLCANIC REDBED COPPER, KENNECOTT TYPE,

BASALTIC COPPER; METAMORPHIC-
HYDROTHERMAL COPPER
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Mega Series Sub- Mini- Micr Sort Model Model Description DEPOSIT TYPE/ZONE - MAGM A METAL SERIES MODEL
Series (alka- series series o- Code® (*)'"; Examples'?
(alum. linity) (H20 (F-Cl serie Code(*)’ Nanoseries s
¢ont.) content) con- s . . MODEL TERMINOLOGY OF OTHER WORKERS
tent)* (Oxi (Emplacement Level/Tectonic Setting)

d.

State

)3
M QA h N [ 3900180 | 39B Epigenetic U,V, continental redbed-hosted, 'Red Bed' Cu-Ag-

Co-Mn (+/- Cl), distal to MQA basaltic/latitic system volcanics of
39A model or syenodiorite/monzonitic intrusions. ‘Roll front'
meteoric mechanisms similar to 40E model may also be
involved. In the roll front scenario, copper (cobalt-silver) would
be leached from oxidized MQA basalt (absarokite) sources up
meteoric gradient (and commonly slightly up-stratigraphy) and
transported along hydrologic pathways (commonly paleostream
channels in fluvatile sandstone sequences) to the red-bed host.
Sulfate reduction probably attends deposition of chalcopyrite-
pyrite assemblage.

Associated with trachybasalt-shoshonitic volcanism and
syenodioritic hypabyssal intrusions in transpressive arcs or
transtensional cratonic rift volcanism emplaced into deep-
seated, strike-slip faults within tectonically mature, oxidized
crust.

Compared to similar 36B — Kupferschiefer type, Zambian type is
envisioned to be deposited from descending meteoric waters
utilizing permeability and oxidized continental red bed sequences
and may be derived from surficial MQA basaltic sources lateral to
the red bed sandstone facies. In contrast, Kupferschiefer type is
suggested to be related to ascending hydrothermal fluids
metagenically derived from underlying shoshonitic, MQA volcanic
terranes in basement beneath typically reduced silici-clastic cover
sequences.

ZAMBIAN TYPE - QUARTZ ALKALIC EPIGENETIC
‘REDBED’, SANDSTONE-HOSTED COPPER (SILVER,
COBALT) DEPOSITS*

Dzhezkazagan and Chu River; northern Kirgizia and Pzheval,
Kazakhstan; Tenke Fungurume, Kanshanshi, Chibuluma, Roan
Antelope, Konkola, and Musoshi, Zaire (Zambian 'redbed' Cu
belt); Vigas?, Cuehillo Parado, La Vibora?, Miquihuana?,
Samalayuca?, northern Mexico; Mt. Gunson, S. Australia;
Kalihari Copper Belt (Ngwako Pan, Klein Aub, and Witvlei),
Namibia-Botswana; Paoli, OK; Lisbon Valley, Pilot, UT;
Nacimiento and Eureka (Cuba), NM; Dorchester, New
Brunswick; Firth of Forth, Drumshantie and Larkfield, Great
Britain; southern end of Teniz Basin, Russia; Mogollon Rim, AZ;
Hot Brook Canyon, WY?; Desbarets, Ontario; Richmond Gulf,
Quebec; Rae Group, Green Hills, and Hurwitz group, NWT;
Dorchester, Midway, and Goshen, New Brunswick; Searston,
Bald Mountain, Boswartos, etc., Newfoundland. Yalaguina(?),
Nicaragua
SEDIMENT-HOSTED COPPER, KUPFERSCHIEFER TYPE;
SEDEX COPPER, SABKHA TYPE COPPER, REDBED
COPPER, ZAMBIAN TYPE COPPER; AGUA-REDOX
(SUBHYDROTHERMAL) COPPER-COBALT




8,9,10

Mega Series Sub- Mini- Micr Sort Model Model Description DEPOSIT TYPE/ZONE - MAGM A METAL SERIES MODEL
Series (alka- series series o- Code® (*)'"; Examples'?
(alum. linity) (H20 (F-Cl serie Code(*)’ Nanoseries s
¢ont.) content) con- s . . MODEL TERMINOLOGY OF OTHER WORKERS
tent)* (Oxi (Emplacement Level/Tectonic Setting)

d.

State

)3
M QA h r 0 4500400 | 44L Mesothermal, Cu-U-Au-REE(Ag-F-Co) iron oxide porphyry | OLYMPIC DAM TYPE - RAPAKIVINE QUARTZ

deposits in or near epizonal, moderate-F, high-K, alkali,
rapakivine granites. Stage 3 of MQA hRow-o crystallization
sequence.

Associated with mesozonal to epizonal, rapakivine, quartz-
alkalic magmatism emplaced in away-from-trench, quartz
alkalic portions of transpressive magmatic arcs emplaced
into deep-seated, strike-slip fault regimes within reduced,
fluorine-rich, tectonically mature, oxidized crust.

ALKALIC COPPER (URANIUM-GOLD-REE-IRON)
PORPHYRIES*

Olympic Dam (Roxby Downs), Prominent Hill (Uranus)?, and
Mt. Painter, S. Australia; Carrizallo de las Bambas?, N. Chile;
Great Bear Magmatic Zone (Damp, Fab, and Mar)?, NWT
KIRUNA-TYPE






