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AK-SE07



Porphyry Cu 



Alaska 


Southeast

Descriptive Model:  17



Mark3 Index:   81

Area:   9,382 km2   



Mean undiscovered deposits:   0.840 

by  David A. Brew, Cliff D. Taylor, Robert C. Jachens, Richard D. Koch, Donald Grybeck, James L. Drinkwater, David F. Barnes, and Larry J. Drew

Rationale for deposit type selection:

A few porphyry Cu (Cox, 1986a), porphyry Cu-Mo (Cox, 1986b), and porphyry Cu, skarn related (Cox, 1986c) deposits are known in the Cretaceous and Tertiary calcalkaline granitic plutons and dikes in southeastern Alaska.

Rationale for tract delineation:

Tract boundaries were delineated by the combination of Paleozoic carbonate rocks and Tertiary intrusive rocks (Brew and others, 1991; Brew, 1993). This multi-part tract includes most of the Tertiary subduction- and post-subduction-related calcalkaline granitic plutons in southeastern Alaska, and the tract boundaries are those of the areas known or interpreted to be underlain by those rocks. The tract also includes some similar plutons of middle Cretaceous age.  In detail, Paleozoic clastic and carbonate rocks are intruded by mesozonal to epizonal Cretaceous and Tertiary granitic dikes, with local fracturing and alteration.

Important examples of deposit type:

The most important known porphyry Cu deposit in southeastern Alaska is the Margerie Glacier deposit, in Glacier Bay National Park.  Minnesota Ridge, in Glacier Bay National Park, is the best example of a porphyry Cu, skarn related, deposit.  Muir Inlet Nunatak, Bruce Hills, and Threesome Mountain in Glacier Bay National Park; and Shakan Bay on Prince of Wales Island are porphyry Cu-Mo deposits.

Rationale for numerical estimate:

Permissive rock types and appropriate geochemical patterns were the main basis for estimating the number of undiscovered deposits.  The minimum number of undiscovered porphyry Cu; porphyry Cu, skarn related; and porphyry Cu-Mo deposits, consistent with the grade and tonnage models of Singer and others (1986b), Singer and others (1986a), and Singer (1986), respectively, is estimated to be:



Percentile



90
50
10
5
1



Estimated number of deposits

0
0
2
4
7
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Porphyry Cu, Skarn Related
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Descriptive Model:  18a


Mark3 Index:   4, 9, and 2

Area:   9,382 km2   



Mean undiscovered deposits:   0.135 

by  David A. Brew, Cliff D. Taylor, Robert C. Jachens, Richard D. Koch, Donald Grybeck, James L. Drinkwater, David F. Barnes, and Larry J. Drew

Rationale for deposit type selection:

A few porphyry Cu (Cox, 1986a), porphyry Cu-Mo (Cox, 1986b), and porphyry Cu, skarn related (Cox, 1986c) deposits are known in the Cretaceous and Tertiary calcalkaline granitic plutons and dikes in southeastern Alaska.

Rationale for tract delineation:

Tract boundaries were delineated by the combination of Paleozoic carbonate rocks and Tertiary intrusive rocks (Brew and others, 1991; Brew, 1993). This multi-part tract includes most of the Tertiary subduction- and post-subduction-related calcalkaline granitic plutons in southeastern Alaska, and the tract boundaries are those of the areas known or interpreted to be underlain by those rocks. The tract also includes some similar plutons of middle Cretaceous age.  In detail, Paleozoic clastic and carbonate rocks are intruded by mesozonal to epizonal Cretaceous and Tertiary granitic dikes, with local fracturing and alteration.

Important examples of deposit type:

The most important known porphyry Cu deposit in southeastern Alaska is the Margerie Glacier deposit, in Glacier Bay National Park.  Minnesota Ridge, in Glacier Bay National Park, is the best example of a porphyry Cu, skarn related, deposit.  Muir Inlet Nunatak, Bruce Hills, and Threesome Mountain in Glacier Bay National Park; and Shakan Bay on Prince of Wales Island are porphyry Cu-Mo deposits.

Rationale for numerical estimate:

Permissive rock types and appropriate geochemical patterns were the main basis for estimating the number of undiscovered deposits.  The minimum number of undiscovered porphyry Cu; porphyry Cu, skarn related; and porphyry Cu-Mo deposits, consistent with the grade and tonnage models of Singer and others (1986b), Singer and others (1986a), and Singer (1986), respectively, is estimated to be:
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Porphyry Cu-Mo



Alaska 


Southeast

Descriptive Model:   21a


Mark3 Index:   4, 9, and 2

Area:   9,382 km2   



Mean undiscovered deposits:   0.555 

by  David A. Brew, Cliff D. Taylor, Robert C. Jachens, Richard D. Koch, Donald Grybeck, James L. Drinkwater, David F. Barnes, and Larry J. Drew

Rationale for deposit type selection:

A few porphyry Cu (Cox, 1986a), porphyry Cu-Mo (Cox, 1986b), and porphyry Cu, skarn related (Cox, 1986c) deposits are known in the Cretaceous and Tertiary calcalkaline granitic plutons and dikes in southeastern Alaska.

Rationale for tract delineation:

Tract boundaries were delineated by the combination of Paleozoic carbonate rocks and Tertiary intrusive rocks (Brew and others, 1991; Brew, 1993). This multi-part tract includes most of the Tertiary subduction- and post-subduction-related calcalkaline granitic plutons in southeastern Alaska, and the tract boundaries are those of the areas known or interpreted to be underlain by those rocks. The tract also includes some similar plutons of middle Cretaceous age.  In detail, Paleozoic clastic and carbonate rocks are intruded by mesozonal to epizonal Cretaceous and Tertiary granitic dikes, with local fracturing and alteration.

Important examples of deposit type:

The most important known porphyry Cu deposit in southeastern Alaska is the Margerie Glacier deposit, in Glacier Bay National Park.  Minnesota Ridge, in Glacier Bay National Park, is the best example of a porphyry Cu, skarn related, deposit.  Muir Inlet Nunatak, Bruce Hills, and Threesome Mountain in Glacier Bay National Park; and Shakan Bay on Prince of Wales Island are porphyry Cu-Mo deposits.

Rationale for numerical estimate:

Permissive rock types and appropriate geochemical patterns were the main basis for estimating the number of undiscovered deposits.  The minimum number of undiscovered porphyry Cu; porphyry Cu, skarn related; and porphyry Cu-Mo deposits, consistent with the grade and tonnage models of Singer and others (1986b), Singer and others (1986a), and Singer (1986), respectively, is estimated to be:
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Porphyry Cu (BC-Ak type)

Alaska 


Brooks Range

 

Descriptive Model:  17.1


Mark3 Index:   89

Area:  9,782 km2   



Mean undiscovered deposits:  (no estimate)


by Jeanine M. Schmidt, Karen D. Kelley, Richard I. Grauch, Byron R. Berger, John W. Cady, Gregory T. Spanski, James E. Kilburn.

Rationale for Model Choice

Petrologic and geochemical information on Proterozoic, Devonian or Cretaceous granitic plutons in the Brooks Range is limited or absent, but numerous mineral deposit types are permissive, including porphyry Cu as described by Cox, (1986a), porphyry Cu-Au deposits (Cox, 1986b), or porphyry Cu-Mo deposits (Cox, 1986c).  Numerous small occurrences of contact metasomatic skarns or disseminated and veinlet base metal mineralization are also known in the area.  

Rationale for Tract Delineation

This tract comprises all the Proterozoic, Devonian or Cretaceous granitic plutons in the Brooks Range, and includes all potential host rocks within 5 km of the plutons. The geochemical data from stream sediment samples show anomalous levels of Sn, W, and/or Mo in addition to the base metals Cu, Pb, and Zn.  There is very little, if any, gold associated with the intrusions. 

Important Examples of Deposit Type

There are no known porphyry copper deposits in this tract, but there are numerous small occurrences of contact metasomatic skarns or disseminated and veinlet base metal mineralization.  The Bear Mountain occurrence in the Table Mountain quadrangle, eastern Brooks Range, contains both Mo and W porphyry mineralization (Barker and Swainbank, 1986).

Rationale for Numerical Estimates

There is insufficient geologic or mineral deposit information to estimate the numbers of undiscovered mineral deposits for any of the permissive deposits in this tract.
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AK-WC14


Porphyry Cu (BC-Ak type)


Alaska 


West Central

 

Descriptive Model:  17.1


Mark3 Index:   89

Area:   57,404 km2   



Mean undiscovered deposits:  (no estimate)

by   Bruce M. Gamble, Robert G. Eppinger, John W. Cady, Stanley E. Church, Byron R. Berger, Gregory T. Spanski

Rationale for Model Choice

This tract encompasses the Koyukuk magmatic arc, which chiefly consists of Upper Jurassic(?) and Lower Cretaceous island arc andesitic volcanic rocks (Patton and others, 1989; Nokleberg and others, 1994).  Two major suites of intrusions are present:  (1) a 79‑89 Ma I-type tonalite to granite, typically granodiorite, group in the east; and (2) a 99‑113 Ma S-type group in the west which consists of 2 distinct subtypes: (a) potassic syenites, monzonites, etc., and (b) ultrapotassic nepheline-bearing intrusions (Patton and others, 1989).  In the west, the Peace River porphyry Mo occurrence is associated with the Granite Mountain pluton.  In the east are Black Creek, a possible porphyry Cu; Dakli Cu-rich occurrences near the Zane Hills pluton; an occurrence of Mo-bearing quartz veins, also at Dakli; and an unnamed Mo occurrence of unknown type.  

Rationale for Tract Delineation

This tract is delineated by the occurrence of intrusive rocks of the appropriate compositions, a known porphyry Mo occurrence, several Cu and (or) Mo occurrences of unknown type, and stream sediment anomalies of As, Sb, Pb, Cu, Au, Ag, and W, some of which are clearly related to intrusions.

Important Examples of Deposit Type

The Dakli and Black Creek deposits are examples of porphyry copper occurrences in this tract.

Rationale for Numerical Estimates 

Insufficient data exist to support estimating the number of undiscovered porphyry copper deposits.
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AK-WC15


Porphyry Cu (BC-Ak type)


Alaska 


West Central

 

Descriptive Model:  17, 17.1, 18a, and 21a

Mark3 Index:   4, 89, 9, and 2

Area:   28,279 km2   




Mean undiscovered deposits:  (no estimate)

by   Bruce M. Gamble and Marti L. Miller

Rationale for Model Choice

This tract is permissive for porphyry Cu (Cox, 1986a), BC-Ak type porphyry Cu (Menzie and Singer, 1993), porphyry Cu, skarn related (Cox, 1986c), and porphyry Cu-Mo (Cox, 1986b) deposits based on presence of felsic to intermediate plutons (Patton and others, 1994), and the occurrence of numerous similar or related deposit types.  St. Lawrence Island is also considered permissive for porphyry Cu type deposits on the basis of permissive host rocks.

Rationale for Tract Delineation

The geology of the area is poorly known, but several apparently high-level felsic plutons occur in the region, and others could be present at shallow depths.  The presence of permissive host rocks is the primary basis for the areal delineation of this tract.  

Important Examples of Deposit Type

Known mineral deposits in the area include the McLeod Mo occurrence, and a porphyry Cu/porphyry Cu-Mo deposit at Round Top (Harris, 1985).  

Rationale for Numerical Estimates 

Because of the lack of detailed geologic information, no estimates of the number of undiscovered deposits have been attempted.
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Porphyry Cu (BC-Ak type)


Alaska 


South West

 

Descriptive Model:  17, 17.1, 18a, and 21a

Mark3 Index:   4, 89, 9, and 2

Area:   15,970 km2   




Mean undiscovered deposits:  (no estimate)

by Marti L. Miller and Bruce M. Gamble 

Rationale for Model Choice

This tract is permissive for porphyry Cu (Cox, 1986a), BC-Ak type porphyry Cu (Menzie and Singer, 1993), porphyry Cu, skarn related (Cox, 1986c), and porphyry Cu-Mo (Cox, 1986b) deposits based on presence of felsic to intermediate plutons (Patton and others, 1994), and the occurrence of numerous similar or related deposit types.  St. Matthew Island is also considered permissive for porphyry Cu type deposits on the basis of permissive host rocks.

Rationale for Tract Delineation

The geology of the area is poorly known, but several apparently high-level felsic plutons occur in the region, and others could be present at shallow depths.  The presence of permissive host rocks is the primary basis for the areal delineation of this tract.   On St. Matthew Island, Patton and others (1975) mapped a small Tertiary granodiorite body; the possibility of porphyry-type mineralization here cannot be ruled out on the basis of available information.

Important Examples of Deposit Type

A molybdenum prospect at Molybdenum Mountain. (Russian Mission quadrangle), described by Hoare and Cobb (1977), could be related to porphyry Cu or porphyry Cu-Mo occurrences.

Rationale for Numerical Estimates 

Because of the lack of detailed geologic information, no estimates of the number of undiscovered deposits have been attempted.
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AK-EC13


Porphyry Cu (BC-Ak type)


Alaska 


East Central

 

Descriptive Model:  17.1


Mark3 Index:  89

Area:   115,029 km2   



Mean undiscovered deposits:   2.59     

by  Donald Grybeck, Thomas D. Light, William J. Keith, Dennis P. Cox, Gregory K. Lee, and Jeffrey D. Phillips.

Rationale for Model Choice

Several porphyry copper deposits are known in the eastern part of east-central Alaska, outside of this tract.  Similar deposits may occur in Upper Cretaceous or Tertiary granitic plutons, in the western portion of the tract.  These plutons, however, are consistently low in copper and have much lower potential for porphyry copper occurrences.  A general porphyry copper model has been described by Hollister (1978), Beane and Titley (1981), Titley and Beane (1981), McMillan and Panteleyev (1980), and Titley (1982).

Rationale for Tract Delineation

This tract is defined by the distribution of Upper Cretaceous or Tertiary granitic plutons and adjacent areas that may contain granitic plutons of similar age.  Cretaceous plutons farther to the west are consistently low in copper and have a much lower potential for porphyry Cu occurrences.  

Important Examples of Deposit Type

There are no porphyry deposits known in this tract, but such deposits are known in similar rocks to the south (i.e., the Taurus deposit in the Tanacross quadrangle).

Rationale for Numerical Estimates 

The tonnage curve for the BC-AK type porphyry copper model (Menzie and Singer, 1993), which has a lower mean expected tonnage than the standard porphyry copper model, has been used to estimate numbers of undiscovered deposits.  The grade of the undiscovered deposits is expected to be about 0.25% copper, reflecting the lower grade of Alaskan porphyry copper deposits.  The estimated minimum number of undiscovered porphyry Cu-Mo deposits expected to occur in this tract is:


Percentile  


90 
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10 
5 
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Estimated no. of deposits  
 1 
  2 
  4 
8 
10
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by   Warren J. Nokleberg, Dennis P. Cox, Richard J. Goldfarb, David L. Campbell, and Warren Yeend.

Rationale for Model Choice

This tract, in the southern Yukon-Tanana Upland, is permissive for Late Cretaceous and early Tertiary porphyry Cu and other granitic-magmatism-related deposits because of  favorable bedrock geology, porphyry Cu and Cu skarn occurrences in the extension of the tract to the north in east-central Alaska, and geochemical anomalies (Cu, Mo, Au, As, Ag, Bi, Pb, Zn). This porphyry Cu model (17) includes porphyry Cu (BC-Ak type) (17.1), porphyry Cu skarn (18a), porphyry Cu-Au (20c), and porphyry Cu-Mo (21). Details of the deposit model for this tract and other areas are provided by Hollister and others (1975), Cox (1986), Menzie and Singer (1993) .

Rationale for Tract Delineation

The favorable geologic units in the tract are the Late Cretaceous and early Tertiary granitic plutons of the Kluane arc that intrude Mesozoic and older rocks of the Yukon-Tanana and adjacent terranes, and carbonate rocks altered to skarn in areas where intruded by Late Cretaceous and early Tertiary igneous rocks.  The extension of this tract to the north, in east-central Alaska, includes various small fragments of Paleozoic continental-margin sedimentary rocks, turbidite basin deposits, and oceanic crustal rocks in the Livengood, Manley, and Wickersham, White Mountain terranes that are intruded by Late Cretaceous and early Tertiary granitic plutonic rocks (Nokleberg and others, 1994). To the southwest in southwestern Alaska, the extension of this tract includes the porphyry Cu and other granitic-magmatism-related deposits related to intrusion of the Late Cretaceous and early Tertiary Kuskokwim Mountains volcanic-plutonic belt (Nokleberg and others, 1994).

The principal mineral deposit models are porphyry Cu and Cu skarn, but related coeval granitic-magmatism deposits could also occur. Local zonation of geochemical anomalies may exist. Local porphyry Cu occurrences in the extension of the tract to the north in east-central Alaska exhibit multiple phases of intrusion and propylitic and sericitic alteration.  Areas of known and possibly large concealed granitic plutons (greater than several km diameter) in the tract are delineated by large, blotchy magnetic highs and (or) by eU or eTh cells interpreted from sparse data on radiometric maps.

The distribution of the geologic units defining the tract is adapted from Nokleberg and others (1994). The distribution of this belt of mineral deposits is adapted from MacKevett and others (1978), and Nokleberg and others (1987, 1993). This tract is the same area as tract AK-SC24 for plutonic porphyry Au deposits and tract AK-SC07 for gold-antimony vein deposits.  This tract corresponds to part of the East-Central Alaska belt of granitic magmatism deposits described by Nokleberg and others (1993). Mineral resource assessments of 250,000-scale quadrangles within the tract were done by Richter and others (1975), Singer and others (1977), Reed and others (1979), Cox and others (1989), and Nokleberg and others (1990, 1991).

Important Examples of Deposit Type

The Taurus deposit, which has inferred reserves of 126 million tonnes (140 million tons) containing 0.30% Cu and 0.34grams/tonne (0.01 oz/ton) Au, and 0.03% Mo (Bundtzen and others, 1996) occurs in the Tanacross quadrangle.  In the extension of this tract to the north are a wide variety of polymetallic vein, Sb-Au vein, porphyry Cu, and Sn greisen mines, deposits, and occurrences (Nokleberg and others, 1987, 1993). Associated placer gold deposits in the Bonnifield, Delta River, and Kantishna districts in the tract (Capps, 1912, 1919; Smith, 1941; Rose, 1965; Cobb, 1973; Bundtzen ,1981; Gilbert and Bundtzen, 1979; Nokleberg and others, 1991) may be partly derived from porphyry Cu or other granitic-magmatism-related occurrences.

Rationale for Numerical Estimates

The tract is partly covered by extensive glacial loess, deep Tertiary weathering, and dense vegetation that could obscure porphyry Cu deposits.  Because two major porphyry occurrences are in the extension of the tract to the north, undiscovered deposits probably occur in the tract.  The minimum number of undiscovered porphyry Cu deposits, consistent with the grade and tonnage model of Menzie and Singer (1993), are estimated to be:
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Rationale for Model Choice

Parts of the Alaska Range and Wrangell Mountains are permissive for Late Jurassic and Early Cretaceous porphyry Cu and associated granitic-magmatism-related deposits because of favorable bedrock geology, three large porphyry Cu deposits and two prospects, and two associated Cu skarn occurrences, geochemical anomalies (Cu, Mo, Bi, Au, As, Ag, Pb, Zn, Co, Fe), and local aeromagnetic anomalies. This porphyry Cu model (17) also includes porphyry Cu (BC-Ak type) (17.1), porphyry Cu skarn (18a), porphyry Cu-Au (20c), and porphyry Cu-Mo (21). Details of the deposit model for this tract and other areas of Alaska and British Columbia are provided by Hollister (1978), Hollister and others (1975), Cox (1986), and Menzie and Singer (1993).

Rationale for Tract Delineation

The favorable geologic units in this two-part tract are Late Jurassic and Early Cretaceous granitic rocks that intrude the Gravina-Nutzotin belt and adjacent sedimentary and volcanic rocks of Wrangellia terrane, and carbonate rocks altered to skarn in areas where intruded by the Jurassic and Early Cretaceous granitic rocks. The principal mineral deposit models are porphyry Cu, Cu skarn, porphyry Cu-Mo, and Cu (Au) skarn, and polymetallic vein, but related deposits could also occur. Local porphyry Cu occurrences exhibit multiple intrusive phases, propylitic and sericitic alteration. About 25 areas of known and possibly concealed granitic plutons (greater than several km diameter) in the tract are delineated by large, blotchy magnetic highs on the aeromagnetic map of Alaska (Godson, 1994) and (or) by K and eU or eTh highs interpreted from sparse data on radiometric maps (J.D. Phillips and F. Riggle, written commun., 1994).

The distribution of the geologic units defining the tract is adapted from Nokleberg and others (1994). The distribution of this belt of mineral deposits is adapted from MacKevett and others (1978) and Nokleberg and others (1987, 1993). Mineral resource assessments of 250,000-scale quadrangles within the tract were done by Richter and others (1975), MacKevett (1976), Singer and MacKevett (1977), Singer and others (1980), Reed and others (1979), Cox and others (1989), and Nokleberg and others (1990).

Important Examples of Deposit Type

Examples in the tract are the Baultoff, Orange Hill, Horsfeld, Bond Creek, and Carl Creek porphyry Cu and Cu-Mo deposits and occurrences, all in the Nabesna quadrangle (Van Alstine and Black, 1946; Richter and others, 1975). Associated deposits in the same area are the Lemons and Copper King Cu skarn occurrences, and the Nabesna Au (Cu) skarn mine. Associated placer gold deposits in the Chisana, Chistochina, Delta River, Nizina, and Valdez Creek districts in the tract (Moffit, 1914; Chapin, 1918; Capps, 1916, 1919; Tuck, 1938; Smith, 1941, 1970; Rose, 1965, 1967; Richter and Matson, 1972; Cobb, 1973; Cobb and MacKevett, 1980; Yeend, 1981a, b; Bressler and others, 1985; Fechner and Herzog, 1990; Nokleberg and others, 1990; Reger and Bundtzen, 1990) may be partly derived from porphyry Cu mines and occurrences.

Rationale for Numerical Estimates

Tertiary and older rocks in the tract are covered locally by extensive ice fields and glaciers, and by Cenozoic sedimentary and volcanic rocks. Additional detailed exploration might result in the discovery of additional deposits or occurrences.  The minimum number of undiscovered porphyry Cu deposits, consistent with the grade and tonnage model of Menzie and Singer (1993), is estimated to be:
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Rationale for Model Choice

Parts of  the Alaska Range and Wrangell Mountains are permissive for late Paleozoic porphyry Cu deposits because of  favorable bedrock geology, two porphyry Cu occurrences and one associated Cu skarn occurrence, and anomalous high concentrations of Cu, Mo, Au, As, Ag, Bi, Pb, Zn, Co, and Fe in stream-sediment and heavy-mineral-concentrate samples. This porphyry Cu model (17.1) includes porphyry Cu skarn (18a), porphyry Cu-Au (20c), and porphyry Cu-Mo (21). Details of the deposit model for this tract and other areas in Alaska and British Columbia are provided by Hollister (1978), Hollister and others (1975), Cox (1986), and Menzie and Singer (1993).

Rationale for Tract Delineation

The favorable geologic units defining this two-part tract are the Late Paleozoic granitic plutons of  the Skolai arc that intrude Permian and older rocks of the Wrangellia terrane, and carbonate rocks altered to skarn in areas where intruded by the late Paleozoic igneous rocks. The principal mineral deposit models are porphyry Cu and Cu skarn, but related deposits could also occur. Local zonation of geochemical anomalies exists. Local porphyry Cu occurrences exhibit multiple intrusive phases and propylitic and sericitic alteration. About 15 areas of known and possibly concealed granitic plutons (greater than several km diameter) in the tract are delineated by large, blotchy magnetic highs on the aeromagnetic map of Alaska (Godson, 1994) and (or) by K and eU or eTh highs interpreted from sparse data on radiometric maps (J.D. Phillips, and F. Riggle, written commun., 1994).

The distribution of the geologic units defining the tract is adapted from Nokleberg and others (1994). The distribution of this belt of mineral deposits is adapted from MacKevett and others (1978) and Nokleberg and others (1987, 1993). Mineral resource assessments of 250,000-scale quadrangles within this tract were done by Richter and others (1975), MacKevett (1976), Singer and MacKevett (1977), Singer and others (1980), Reed and others (1979), Cox and others (1989), and Nokleberg and others (1990).

Important Examples of Deposit Type

Examples in this tract are the porphyry Cu occurrences at Rainbow Mountain and Slate Creek (Nokleberg and others, 1991) in the Mount Hayes quadrangle.  Minor base metal polymetallic vein and Cu skarn occurrences are also in this tract. Associated placer gold deposits in the Chisana, Chistochina, and Delta River districts in the tract (Capps, 1916; Rose, 1965, 1967; Richter and Matson, 1972; Yeend, 1981a, b; Nokleberg and others, 1990) may be partly derived from porphyry Cu occurrences.

Rationale for Numerical Estimates

Tertiary and older rocks in the tract locally are covered by extensive ice fields and glaciers, and by Cenozoic sedimentary and volcanic rocks. Because deposits are known in the tract, additional detailed exploration might result in the discovery of porphyry Cu deposits.  The minimum number of undiscovered deposits, consistent with the grade and tonnage model of Menzie and Singer (1993), is expected to be:
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Mean undiscovered deposits:  2.83    

by   Warren J. Nokleberg, Dennis P. Cox, Richard J. Goldfarb, David L. Campbell, and Warren Yeend.

Rationale for Model Choice

Parts of the Alaska Range and Wrangell Mountains are permissive for Late Cretaceous and early Tertiary porphyry Cu and other granitic-magmatism-related deposits because of favorable bedrock geology, two porphyry Cu occurrences and one associated Cu skarn occurrence, geochemical anomalies (Cu, Mo, Au, As, Ag, Bi, Pb, Zn, Co, Fe), and aeromagnetic anomalies. This porphyry Cu model (17) includes porphyry Cu (BC-Ak type) (17.1), porphyry Cu skarn (18a), porphyry Cu-Au (20c), and porphyry Cu-Mo (21). Details of the deposit model for this tract and for other areas of Alaska and British Columbia are provided by Hollister (1978), Hollister and others (1975), Cox (1986), and Menzie and Singer (1993).

Rationale for Tract Delineation

The favorable geologic unit defining this two-part tract is mainly the Wrangellia and Peninsular terranes where intruded by calc-alkaline granitic plutons, dikes, and sills of the Late Cretaceous and early Tertiary Kluane arc. Because concealed plutons and associated deposits may occur near the surface, the tract includes all of the Wrangellia and Peninsular terranes. About 30 areas of known and possibly concealed granitic plutons (greater than several km diameter) in the tract are delineated by large, blotchy magnetic highs on the aeromagnetic map of Alaska (Godson, 1994) and (or) by K and eU or eTh highs interpreted from sparse data on radiometric maps (J.D. Phillips, and F. Riggle, written commun., 1994).

The distribution of the geologic units defining the tract is adapted from Nokleberg and others (1994). The distribution of this belt of mineral deposits is adapted from MacKevett and others (1978) and Nokleberg and others (1987, 1993). Mineral resource assessments of 250,000-scale quadrangles within this tract were done by Richter and others (1975), MacKevett (1976), Singer and MacKevett (1977) Singer and others (1980), Reed and others (1979), Cox and others (1989), and Nokleberg and others (1990).

Important Examples of Deposit Type

Examples of polymetallic vein deposits that may indicate porphyry copper deposits at depth in this tract are the Golden Zone mine, and the Mayflower, Nim, and Nimbus prospects in the Healy quadrangle (Hawley and Clark, 1974; Swainbank and others, 1977). An example of a porphyry Cu-Mo deposit in this tract is the Treasure Creek deposit in the Talkeetna Mountains (Richter, 1963) quadrangle. An associated gold-bearing Cu skarn deposit occurs at the Zackly deposit (Nokleberg and others, 1990). Associated placer gold deposits in the Valdez Creek, Willow Creek, and Yenta districts in the tract (Capps, 1913, 1915, 1919; Chapin, 1918; Mertie, 1919; Tuck, 1938; Jasper, 1967; Smith, 1970; Cobb, 1973, Bressler and others, 1985; Fechner and Herzog, 1990; Reger and Bundtzen, 1990) may be partly derived from porphyry Cu deposits and occurrences.

Rationale for Numerical Estimates

Tertiary and older rocks in the tract locally are covered by extensive ice fields and glaciers, and by Cenozoic sedimentary and volcanic rocks. Additional detailed exploration might result in the discovery of additional deposits or occurrences.  The minimum number of undiscovered porphyry Cu deposits, consistent with the grade and tonnage model of Menzie and Singer (1993), is estimated to be:



Percentile 



90
50
10
5
1



Estimated number of deposits      
 1
 2
 6
6
6
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Mean undiscovered deposits:  3.04
by  Marti L. Miller, Thomas K. Bundtzen, Dennis P. Cox, John E. Gray, and Jeffrey D. Phillips.

Rationale for Model Choice

High-level felsic intrusive rocks, some of which host porphyry-type mineral occurrences similar to that described by Cox (1986), occur in a broad belt that encompasses the Alaska and Aleutian Ranges in the eastern part of southwestern Alaska.  Most reported occurrences have some Mo or Au in addition to Cu, but too little is known to determine whether specific deposits are porphyry Cu, porphyry Cu-Au, or porphyry Cu-Mo types. The BC-Ak type porphyry Cu model (Menzie and Singer, 1993), is considered to be the best example of the expected grade and tonnage for undiscovered deposits.

Rationale for Tract Delineation

Porphyry copper deposits are permissive in a large area that encompasses parts of McGrath, Lime Hills, Lake Clark, Iliamna, and Dillingham quadrangles and connects with similar tracts to the east and south.  Numerous examples of porphyry-type mineral occurrences occur within this region.  The permissive area was extended into the Dillingham quadrangle on the basis of geophysical data that indicate the possible presence of buried plutons.

Important Examples of Deposit Type

There are numerous occurrences that have been described as porphyry-type mineralization.  The Pebble Copper deposit in the Iliamna quadrangle (St. George, 1991) is the largest known porphyry Cu-Au deposit in the tract.  Pebble Copper is reported to have an identified resource of 454 million tonnes grading 0.35% copper, 0.4 g/tonne Au, and 0.03-0.04% Mo (Swainbank and others, 1993).  A second example, the Kijik River deposit in the Lake Clark quadrangle was estimated to contain 91 million tonnes; grab samples yield up to 0.25% Cu and 0.17% Mo (Wilson and others, 1987).  A prospect in the Crystal Creek area of the Lime Hills quadrangle (the Chill Group) is listed by MacKevett and Holloway (1977; p. 22, loc. 12) as having porphyry-copper-type mineralization.

Rationale for Numerical Estimates 

We believe that additional deposits of the BC-Ak porphyry-type lie within the tract.  The minimum number of undiscovered porphyry Cu deposits, consistent with the grade and tonnage curve of Menzie and Singer (1993),  is estimated to be:


Percentile

          90
50
10
 5
 1


Estimated no. of deposits            1
  2
  6
 8
10

References

Cox, D.P., 1986, Descriptive model of porphyry Cu, in Cox, D.P., and Singer, D.A., eds., Mineral deposit models:  U.S. Geological Survey Bulletin 1693, p. 76.

MacKevett, E.M., Jr., and Holloway, C.D., 1977, Table describing metalliferous mineral deposits in the western part of southern Alaska:  U.S. Geological Survey Open-file Report 77-169-F, 39 p., scale 1:1,000,000.

Menzie, W.D., and Singer, D.A., 1993, Grade and tonnage model of porphyry Cu deposits in British Columbia, Canada, and Alaska, U.S.A.:  U.S. Geological Survey Open-file Report 93-275, 8 p.

St. George, Phillip, 1991, The Pebble porphyry copper-gold deposit [abs]:  Paper presented at 15th Alaska Miners Association Annual Convention, Anchorage, Alaska.

Swainbank, R.C., Bundtzen, T.K., Clough, A.H., Hansen, E.W., and Nelson, M.G., 1993, Alaska’s mineral industry 1992:  Alaska Division of Geological and Geophysical Surveys Special Report 47, 80 p.

Wilson, F.H., Anderson, G.L., Bundtzen, T.K., and Nokleberg, W.J., 1987, Significant metalliferous lode deposits, Aleutian Islands and Alaska Peninsula, in Nokleberg, W.J., Bundtzen, T.K., Berg, H.C., Brew, D.A., Grybeck, Donald, Robinson, M.S., Smith, T.E., and Yeend, Warren, Significant metalliferous lode deposits and placer districts of Alaska:  U.S. Geological Survey Bulletin 1786, p. 41-46.

AK-AP09


Porphyry Cu (BC-Ak type)


Alaska 


Alaska Peninsula and Aleutian Islands

 

Descriptive Model:  17.1


Mark3 Index:   89

Area:  27,515 km2   



Mean undiscovered deposits:  13.87

by  Frederic H. Wilson, Stanley E. Church, Richard W. Saltus, Lawrence J. Drew, and W. David Menzie. 

Rationale for Model Choice

This model (Menzie and Singer, 1993), which is defined in part on the basis of deposits in this tract, is the definitive model for Alaskan porphyry copper deposits.

Rationale for Tract Delineation

The tract is defined as the area of the Alaska Peninsula that contains known or inferred intermediate to felsic plutons of Cenozoic age.  Country rocks intruded by these plutons include Jurassic and Cretaceous clastic sedimentary rocks and Cenozoic volcanic and volcaniclastic rocks.  Geochemical data support consideration of large areas of the Alaska Peninsula for porphyry copper deposits, and incomplete geophysical (largely aeromagnetic) data also suggest additional areas of inferred, buried intrusions.

Important Examples of Deposit Type

The Pyramid deposit near Balboa Bay has reserves of 126 million tons containing 0.413 percent Cu and 0.025 percent Mo (Christie, 1975).  The Bee Creek (or Dry Creek) deposit near Chignik is reported to have an undetermined but small tonnage containing 0.25 percent Cu, 0.01 percent Mo, and 0.06 ppm Au (Fields, 1977).

Rationale for Numerical Estimates 

The estimated minimum number of undiscovered porphyry Cu deposits, consistent with the grade and tonnage model of Menzie and Singer (1993), for this tract is:



Percentile

           90    50    10     5     1



Estimated no. of deposits 
5    13    25   25   25
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by  Frederic H. Wilson, Stanley E. Church, Richard W. Saltus, Lawrence J. Drew, and W. David Menzie. 

Rationale for Model Choice

The Aleutian Islands arc is a poorly mapped area containing volcanic and volcaniclastic rocks of Cenozoic age intruded by plutons of Oligocene, Late Miocene, and possibly other ages.  The geologic setting is permissive for BC-Alaska type porphyry copper deposits as described by Menzie and Singer (1993).

Rationale for Tract Delineation

Large parts of the Aleutian Islands are considered permissive for porphyry copper-type deposits based chiefly on the well-known presence of porphyry-type deposits in other volcanic arcs throughout the world. The level of knowledge of the geology is very low and geophysical and geochemical data are virtually nonexistent.  As more information becomes available, the tract can be restricted to areas near known or inferred intermediate to felsic plutons of Cenozoic age.

Important Examples of Deposit Type

In the eastern Aleutian Islands, Unalaska Island has a number of mineralized areas and Rootok Island has a small mineralized area, both of which have potential for porphyry copper deposits (Christie, 1974; 1976).

Rationale for Numerical Estimates 

The minimum number of undiscovered porphyry Cu deposits for this tract, consistent with the tonnage and grade model of Menzie and Singer (1993), has been estimated as:



Percentile


90
50
10       5       1



Estimated no. of deposits
 0
 1
 4        4       4
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by  Jeanine M. Schmidt

Rationale for Model Choice

Numerous small occurrences of contact metasomatic skarns or disseminated and veinlet base metal mineralization are known in the area (Nokleberg and others, 1987).   Petrologic and geochemical information about the plutons is limited or absent, but numerous mineral deposit types are possible, including Cu-(Au) skarn deposits. 

Rationale for Tract Delineation

This multi-part tract comprises all the known and inferred Proterozoic, Devonian or Cretaceous granitic plutons in the Brooks Range, and all potential host rocks within a 5 km distance from the plutons.  These tracts contain variable amounts of carbonate rocks of ?Proterozoic to Paleozoic age which are likely hosts for skarn mineralization.  The timing and grade of metamorphism of the carbonate rocks, and their lithologies are not known in enough detail to differentiate areas of higher or lower favorability.  The geochemical data from stream sediment samples show anomalous levels of Sn, W, and/or Mo in addition to the base metals Cu-Pb-Zn.  There is very little, if any, gold associated with these intrusions. 

Important Examples of Deposit Type

No Cu-(Au) skarn deposits are known in this tract.

Rationale for Numerical Estimates

There is insufficient geologic and mineral deposit information to estimate numbers of undiscovered Cu-(Au) skarn deposits in this tract.
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by  Bruce M. Gamble, Robert G. Eppinger, John W. Cady, Stanley E. Church, Byron R. Berger, Gregory T. Spanski

 Rationale for Model Choice

Felsic to intermediate plutons and carbonate rocks are widespread throughout the Seward Peninsula. A Fe-Cu skarn deposit is present on the flank of the Kugruk pluton. Presence of the felsic to intermediate plutonic rocks in the vicinity of carbonate rocks, plus the occurrence of related or similar deposits, indicate that this area is permissive for Cu-(Au) skarn deposits as described by Cox and Theodore (1986).

Rationale for Tract Delineation

This tract encompasses the Seward Peninsula plutons, exclusive of tin-granites.  There are three distinct suites of plutonic rocks:  (1) 99-108 Ma alkaline, nepheline-bearing intrusions (Till and others, 1986);  (2) 90‑96 Ma sub-alkaline to alkaline plutons, typically monzonite, quartz monzonite, monzogranite, and granodiorite; and  (3) 81‑83 Ma calc-alkaline plutons, typically quartz monzodiorite, granodiorite, and monzogranite. Stream-sediment and heavy-mineral-concentrate geochemistry include anomalously high concentrations of Ag, Cu, Pb, Zn, Mo, Sn, As, Sb, and rare Au (Gamble, 1988).  

Important Examples of Deposit Type

No Cu-Au skarns are known in the tract.  Similar or related mineral deposits types include the Kugruk Fe-Cu skarn; Independence Ag-Pb polymetallic vein; Windy Creek porphyry Mo; Omilak East and Foster Ag-Pb polymetallic veins(?); Cu-rich polymetallic veins of the upper Niukluk River; and many deposits/occurrences, chiefly Ag-Pb-(Zn), of unknown type (Gamble and Till, 1988).  

Rationale for Numerical Estimates 

Insufficient data exist to support an estimate of the expected number of undiscovered Cu-(Au) skarn deposits.
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by  Thomas D. Light

Rationale for Model Choice

This tract is permissive for Cu-(Au) skarn deposits where Cretaceous or Tertiary plutons have intruded near carbonate rocks or calcareous clastic rocks (Cox and Theodore, 1986).

Rationale for Tract Delineation

This multi-part tract is defined by Paleozoic carbonate rocks.  Where the environment of deposition is not known or indeterminate, thick carbonate rocks of possible shelf, slope, or deeper-water-facies are included.  Paleozoic metamorphic rocks that contain minor marble units of unknown origin, such as biotite gneiss and amphibolite (PzpCb of Foster, 1976), have not been included in this tract.  In the Eagle and Charley River quadrangles, geologically favorable units include the limestones of the Tindir Group, the Funnel Creek Limestone, the Hillard Limestone, and the Calico Bluff Formation.  In the Livengood quadrangle favorable units include the Tolovana Limestone and the limestones of the Wickersham unit.

Important Examples of Deposit Type

No Cu (Au) skarn deposits are known in this tract.

Rationale for Numerical Estimates 

Because of the lack of detailed geological information, and the absence of known deposits, no estimate of the number of undiscovered Cu (Au) skarn deposits was attempted.
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by  Marti L. Miller, Thomas K. Bundtzen, Dennis P. Cox, John E. Gray, and Jeffrey D. Phillips.

Rationale for Model Choice

In southwestern Alaska carbonate rocks and units containing carbonate rocks, which have been intruded by Late Cretaceous or Tertiary plutons, may host deposits that fit the Cu-(Au) skarn model of Cox and Theodore (1986), and Theodore and others (1991).

Rationale for Tract Delineation

The permissive tract for skarn deposits in southwestern Alaska encompasses one larger area in the eastern part of the region, and a smaller area in the southwestern part of the region.  The larger area is delineated by three geologic settings:  (1) Cambrian to Devonian carbonate rocks of the Farewell terrane (Decker and others, 1994) crop out in the McGrath, Sleetmute, Taylor Mountains, and Lime Hills quadrangles;  Late Cretaceous and Tertiary plutons locally intrude the limestone (Bundtzen and others, 1987; Miller and others, 1989).  (2) Carbonate roof pendants are scattered throughout a belt that also contains porphyry Cu-type plutons in the Lake Clark (Nelson and others, 1983) and Iliamna quadrangles (Detterman and Reed, 1980); the porphyry plutons locally intrude limestone pendants.  (3) Triassic limestones of the Kamishak Formation also lie within the belt that contains porphyry Cu-type plutons in the Iliamna quadrangle (Detterman and Reed, 1980); the limestone may have been intruded locally.  The smaller area, in the Goodnews Bay quadrangle, contains blocks of Ordovician, Devonian, and Permian limestone (Hoare and Coonrad, 1978), which are part of a structurally disrupted unit of mixed marine sedimentary and volcanic rock that forms the Nukluk subterrane of the Goodnews terrane (Decker and others, 1994).  Late Cretaceous and early Tertiary granitic plutons occur within the Nukluk subterrane in this area, but none is known to intrude limestone .

Important Examples of Deposit Type

There are numerous small Cu skarn occurrences in carbonate rocks in roof pendants in the northern Aleutian Range of southwestern Alaska.  The Kasna Creek prospect in the Lake Clark quadrangle, for example, is a chalcopyrite- and hematite-bearing skarn that contains an estimated 9 million tons grading 1 percent Cu; it occurs in Upper Triassic dolomite and limestone near the contact with Jurassic tonalite (Wilson and others, 1987)

Rationale for Numerical Estimates 

The presence of several Cu skarns within the tract led the team to conclude that the likelihood of undiscovered deposits is relatively high.  The estimate of the minimum number of undiscovered Cu skarn deposits, consistent with the tonnage and grade model of Jones and Menzie (1986),  is:



Percentile
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  2
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24 
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by  Marti L. Miller and Bruce M. Gamble

Rationale for Model Choice

In the southeastern part of west-central Alaska, carbonate rocks and units containing carbonate rocks, which have been intruded by Late Cretaceous or Tertiary plutons, may host deposits that fit the Cu-(Au) skarn model of Cox and Theodore (1986) and Theodore and others (1991).  The Nixon Fork skarn deposit lies within this tract.

Rationale for Tract Delineation

The permissive tract for skarn deposits in west-central Alaska encompasses an area of carbonate rocks in the southeastern part of the region.  This area is a continuation of the permissive area in southwestern Alaska, and is delineated by Cambrian to Devonian carbonate rocks of the Farewell terrane (Decker and others, 1994) and by carbonate-bearing rocks of the Minchumina terrane (Patton and others, 1994)

Important Examples of Deposit Type

The Nixon Fork deposit (Bundtzen and others, 1996; Swanson, 1996), which lies within this tract, has reported reserves of about 117,000 tons containing 1.32 ounce/ton gold (Northern Miner, 1995).


Rationale for Numerical Estimates 

Insufficient data exist to estimate the expected number of undiscovered Cu-(Au) skarn deposits for this tract.
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by  Bruce M. Gamble, Marti L. Miller, and Thomas D. Light

Rationale for Model Choice

In the northwestern part of south-central Alaska, carbonate rocks and units containing carbonate rocks, which have been intruded by Late Cretaceous or Tertiary plutons, may host deposits that fit the Cu-(Au) skarn model of Cox and Theodore (1986) and Theodore and others (1991).

Rationale for Tract Delineation

The permissive area for skarn deposits in this tract encompasses carbonate rocks in the northeastern part of southwestern Alaska  (Patton and others, 1994). This tract is a continuation of the permissive tracts in east-central and west-central Alaska.  

Important Examples of Deposit Type

No Cu (Au) skarn deposits are known in this tract.

Rationale for Numerical Estimates 

Because of the lack of detailed geological information, and the absence of known deposits, no estimate of the number of undiscovered Cu (Au) skarn deposits was attempted.
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by   Warren J. Nokleberg, Dennis P. Cox, Richard J. Goldfarb, David L. Campbell, and Warren Yeend.

Rationale for Model Choice

A large region of south-central Alaska is permissive for Late Cretaceous and early Tertiary Cu-(Au) skarn deposits as described by Cox and Theodore (1986) and Jones and Menzie (1986).  Supporting data include favorable bedrock geology, one Cu skarn occurrence, two associated porphyry Cu occurrences, anomalously high concentrations of Cu, Mo, Au, As, Ag, Bi, Pb, Zn, Co, and Fe in stream-sediment and heavy-mineral-concentrate samples, and aeromagnetic anomalies.

Rationale for Tract Delineation

The favorable geologic units for this two-part tract are calc-alkaline granitic plutons, dikes, and sills of the Late Cretaceous age and their country rocks, mainly in the Wrangellia and Peninsular terranes.  Because concealed plutons and associated deposits may occur near the surface, the tract includes all of the Wrangellia and Peninsular terranes. Areas of known and possibly concealed granitic plutons (greater than several kilometers in  diameter) in the tract are delineated by large, blotchy magnetic highs on the aeromagnetic map of Alaska (Godson, 1994) and (or) by K and eU or eTh highs interpreted from sparse data on radiometric maps (J.D. Phillips and F. Riggle, written commun., 1994). About 30 annular aeromagnetic high anomalies, possibly indicative of granite porphyry plutons, exist in this tract.

The distribution of the geologic units defining the tract is adapted from Nokleberg and others (1994). The distribution of this belt of mineral deposits is adapted from MacKevett and others (1978) and Nokleberg and others (1987, 1993). Mineral resource assessments of 250,000-scale quadrangles within the tract were done by Richter and others (1975), MacKevett (1976), Singer and MacKevett (1977), Singer and others (1980), Reed and others (1979), Cox and others (1989), and Nokleberg and others (1990).

Important Examples of Deposit Type

The Zackly deposit in the Mount Hayes quadrangle (Rose, 1965; Nokleberg and others, 1991) is an example of a gold-bearing Cu skarn deposit in this tract. Examples of associated porphyry copper deposits in this tract are the Mayflower and Nim prospects in the Healy quadrangle. An example of an associated porphyry Cu-Mo deposit in this tract is the Treasure Creek deposit in the Talkeetna Mountains quadrangle. Associated placer gold deposits in the Valdez Creek, Willow Creek, and Yenta districts in the tract (Capps, 1913, 1915, 1919; Chapin, 1918; Mertie, 1919; Tuck, 1938; Jasper, 1967; Smith, 1970; Cobb, 1973, Bressler and others, 1985; Fechner and Herzog, 1990; Reger and Bundtzen, 1990) may be partly derived from gold-bearing Cu skarn occurrences.

Rationale for Numerical Estimates

Tertiary and older rocks in the tract locally are covered by extensive ice fields and glaciers, and by Cenozoic sedimentary and volcanic rocks.  Because of known Cu-(Au) skarn deposits, porphyry copper deposits and numerous associated occurrences, additional detailed exploration might result in the discovery of additional Cu-(Au) skarn deposits.  An excellent possibility exists of at least one additional undiscovered deposit occurring in the tract. The minimum number of undiscovered deposits, consistent with the grade and tonnage model of Jones and Menzie (1986), is estimated to be:
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by   Warren J. Nokleberg, Dennis P. Cox, Richard J. Goldfarb, David L. Campbell, and Warren Yeend.

Rationale for Model Choice

Parts of the Alaska Range and Wrangell Mountains are permissive for Late Jurassic and Early Cretaceous Cu (Au) skarn deposits (Cox and Theodore, 1986; Jones and Menzie, 1986).  Supporting data include the favorable areas underlain by carbonate rocks of Late Paleozoic and Late Triassic age, two known occurrences, associated porphyry Cu deposits, anomalously high concentrations of Cu, Mo, Bi, Au, As, Ag, Pb, Zn, Co, and Fe in stream-sediment and heavy-mineral-concentrate samples, and local aeromagnetic anomalies.

Rationale for Tract Delineation

The favorable geologic units in this two-part tract are the Late Jurassic and Early Cretaceous granitic rocks that intrude the Gravina-Nutzotin belt and adjacent sedimentary and volcanic rocks of Wrangellia terrane, and carbonate rocks altered to skarn in areas where intruded by the Jurassic and Early Cretaceous granitic rocks. The principal mineral deposit models are porphyry Cu and Cu skarn, but related deposits could also occur. Areas of known and possibly concealed granitic plutons (greater than several kilometers in diameter) in the tract are delineated by large, blotchy magnetic highs on the aeromagnetic map of Alaska (Godson, 1994) and (or) by K and eU or eTh highs interpreted from sparse data on radiometric maps (J.D. Phillips and F. Riggle, written commun., 1994). About 25 annular aeromagnetic high anomalies, possibly indicative of granite porphyry plutons, exist in this tract.

The distribution of the geologic units defining the tract is adapted from Nokleberg and others (1994). The distribution of this belt of mineral deposits is adapted from MacKevett and others (1978) and Nokleberg and others (1987, 1993). Mineral resource assessments of 250,000-scale quadrangles within the tract were done by Richter and others (1975), MacKevett (1976), Singer and MacKevett (1977), Singer and others (1980), Reed and others (1979), Cox and others (1989), and Nokleberg and others (1990).

Important Examples of Deposit Type

The Lemons and Copper King deposits in the Nabesna quadrangle (Richer and others, 1975) are examples of a Cu skarn deposits in this tract. Associated deposits in the tract are the Baultoff, Orange Hill, Horsfeld, Bond Creek, and Carl Creek porphyry Cu and Cu-Mo deposits and occurrences, all in the Nabesna quadrangle (Van Alstine and Black, 1946). Associated placer gold deposits in the Chisana, Chistochina, Delta River, Nizina, and Valdez Creek districts in the tract (Moffit, 1914; Chapin, 1918; Capps, 1916, 1919; Tuck, 1938; Smith, 1941, 1970; Rose, 1965, 1967; Cobb and Matson, 1972; Richter and Matson, 1972; Cobb, 1973; Cobb and MacKevett, 1980; Yeend, 1981a, b; Bressler and others, 1985; Fechner and Herzog, 1990; Nokleberg and others, 1990; Reger and Bundtzen, 1990) may be partly derived from gold-bearing Cu skarn occurrences.

Rationale for Numerical Estimates

Because of two known Cu-(Au) skarn occurrences and associated porphyry Cu deposits, an excellent possibility exists that further exploration might result in the discovery of additional deposits. The minimum number of undiscovered deposits, consistent with the grade and tonnage model of Jones and Menzie (1986), is estimated to be:
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by  Warren J. Nokleberg, Dennis P. Cox, Richard J. Goldfarb, David L. Campbell, and Warren Yeend.

Rationale for Model Choice

Parts of  the Alaska Range and Wrangell Mountains are permissive for late Paleozoic Cu-Au skarn deposits as described by  Cox and Theodore (1986) and Jones and Menzie (1986).  The bedrock geology is favorable, two porphyry Cu occurrences and one associated Cu skarn occurrence are known, and stream-sediment and heavy-mineral-concentrate samples contain anomalously high concentrations of Cu, Mo, Au, As, Ag, Bi, Pb, Zn, Co, and Fe. The principal mineral deposit models are Cu skarn and porphyry Cu, but related deposits could also occur.

Rationale for Tract Delineation

The favorable geologic units in this tract are the Late Paleozoic granitic plutons of Skolai arc that intrude Permian and older rocks of Wrangellia terrane, and carbonate rocks altered to skarn in areas where intruded by late Paleozoic igneous rocks.  Areas of known and possibly concealed granitic plutons (greater than several km in diameter) in the tract are delineated by large, blotchy magnetic highs on the aeromagnetic map of Alaska (Godson, 1994) and (or) by K and eU or eTh highs interpreted from sparse data on radiometric maps (J.D. Phillips and F. Riggle, written commun., 1994).   About 15 annular aeromagnetic high anomalies, possibly indicative of granite porphyry plutons, exist in this tract.

The distribution of the geologic units defining the tract is adapted from Nokleberg and others (1994). The distribution of this belt of mineral deposits is adapted from MacKevett and others (1978) and Nokleberg and others (1987, 1993). Mineral resource assessments of 250,000-scale quadrangles within the tract were done by Richter and others (1975), MacKevett (1976), Singer and MacKevett (1977), Singer and others (1980), Reed and others (1979), Cox and others (1989), and Nokleberg and others (1990).

Important Examples of Deposit Type

The Rainy Creek deposit in the Mount Hayes quadrangle (Rose, 1966; Nokleberg and others, 1991) is an example of a Cu skarn deposit in this tract. Associated porphyry Cu occurrences and minor base metal polymetallic vein occurrences also occur in the tract. Associated placer gold deposits in the Chisana, Chistochina, and Delta River districts in the tract (Capps, 1916; Smith, 1941; Rose, 1965, 1967; Richter and Matson, 1972; Yeend, 1981a, b; Nokleberg and others, 1991) might be partly derived from gold-bearing Cu skarn occurrences.

Rationale for Numerical Estimates

Tertiary and older rocks in the tract locally are covered by extensive ice fields and glaciers, and by overlying Cenozoic sedimentary and volcanic rocks.  Because deposits are known in the tract, additional detailed exploration might result in the discovery of additional deposits.  The minimum number of undiscovered deposits, consistent with the grade and tonnage model of Jones and Menzie (1986), is estimated to be:
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by  David A. Brew, Cliff D. Taylor, Robert C. Jachens, Richard D. Koch, Donald Grybeck, James L. Drinkwater, David F. Barnes, and Larry J. Drew

Rationale for deposit type selection: 

In this composite tract, Late Proterozoic and Paleozoic carbonate and some clastic rocks are intruded by Cretaceous and Tertiary mesozonal to epizonal subduction- and post-subduction-related calcalkaline granitic plutons and dikes, with local development of extensive thermally altered areas. Many Cu skarn deposits are recognized on the basis of their mineralogy, and association with carbonates adjacent to intrusive contacts.  The area is permissive for Cu skarn deposits as described Cox and Theodore (1986).

Rationale for tract delineation:

Tract boundaries were delineated by the combination of Paleozoic carbonate rocks and Cretaceous and Tertiary intrusive rocks, together with the known distribution of Cu skarns.  This tract comprises several tracts that were defined by Brew and others (1991) and whose regional relations were summarized by Brew (1993).   

Important examples of deposit type:

Many Cu skarn deposits (Mt. Andrew, Stevenstown, Mamie, etc.) occur on the Kasaan Peninsula and in the vicinity of the Jumbo Mine on Hetta Inlet, both localities are on Prince of Wales Island.   The Alaska Chief deposit is in Glacier Bay National Park.

Rationale for numerical estimate:

Permissive rock types and associations, the many known deposits of this type, and appropriate geochemical patterns were the main basis for the estimates.  The minimum number of undiscovered Cu skarn deposits, consistent with the grade and tonnage model of Jones and Menzie (1986), is estimated to be:
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by  Jeanine M. Schmidt, Karen D. Kelley, Richard I. Grauch, Byron R. Berger, John W. Cady, Gregory T. Spanski, James E. Kilburn.

Rationale for Model Choice

Numerous small occurrences of contact metasomatic skarns or disseminated and veinlet base metal mineralization near plutons are known in the Brooks Range (Newberry and others, 1986).   Petrologic and geochemical information on the plutons is limited or absent, but numerous mineral deposit types may occur, including Zn-Pb skarn deposits (Cox, 1986). 

Rationale for Tract Delineation

This tract comprises all the known or inferred Proterozoic, Devonian or Cretaceous granitic plutons in the Brooks Range, and includes all potential host rocks within 5 km of the plutons.  These tracts contain variable amounts of carbonate rocks of ?Proterozoic to Paleozoic age which are likely hosts for skarn mineralization.  The timing and grade of metamorphism of the carbonate rocks, and their lithologies are not known in enough detail to differentiate areas of higher or lower favorability.  The geochemical data from stream sediment samples show anomalous levels of Sn, W, and/or Mo in addition to the base metals Cu-Pb-Zn.  There is very little, if any, gold associated with the intrusions. 

Important Examples of Deposit Type

No Zn-Pb skarn deposits are known in this tract.

Rationale for Numerical Estimates

There is insufficient information to estimate the numbers of undiscovered Zn-Pb skarn deposits in this tract.
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by   Bruce M. Gamble, Robert G. Eppinger, John W. Cady, Stanley E. Church, Byron R. Berger, Gregory T. Spanski

Rationale for Model Choice

The presence of intermediate to felsic plutonic rocks intruding carbonate rocks suggest that this tract is permissive for Zn-Pb skarn deposits as described by Cox (1986).  

Rationale for Tract Delineation

This tract encompasses all the Seward Peninsula plutons, exclusive of tin-granites.  There are three distinct suites of plutonic rocks (Till and others, 1986):  (1) 99-108 Ma alkaline, nepheline-bearing intrusions;  (2) 90‑96 Ma sub-alkaline to alkaline plutons, typically monzonite, quartz monzonite, monzogranite, and granodiorite; and  (3) 81‑83 Ma calc-alkaline plutons, typically quartz monzodiorite, granodiorite, and monzogranite.  Metacarbonate rocks are widespread throughout the tract. Known mineral deposits (Gamble, 1988; Gamble and Till, 1988) include the Kugruk Fe-Cu skarn; Independence Ag-Pb polymetallic vein; Windy Creek porphyry Mo; Omilak East and Foster Ag-Pb polymetallic veins(?); Cu-rich polymetallic veins of the upper Niukluk River; and many deposits/occurrences, chiefly Ag-Pb-(Zn), of unknown type.  Stream-sediment and heavy-mineral-concentrate samples from within the tract contain anomalous Ag, Cu, Pb, Zn, Mo, Sn, As, Sb, and rare Au. 

Important Examples of Deposit Type

No Zn-Pb skarn deposits are known in this tract.

Rationale for Numerical Estimates 

Insufficient data exist to estimate the expected number of undiscovered Zn-Pb deposits for this tract.
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by   Bruce M. Gamble, Marti L. Miller, and Thomas D. Light

Rationale for Model Choice

The presence of intermediate to felsic plutonic rocks that may intrude carbonate-bearing units suggests that this tract is permissive for Zn-Pb skarn deposits as described by Cox (1986).  

Rationale for Tract Delineation

This tract is defined by the distribution of carbonate rocks and possible carbonate-bearing units and by the known or inferred presence of intermediate to felsic plutonic rocks (Patton and others, 1994; Nokleberg and others, 1994).  Known mineral deposits in the adjacent tract in west-central Alaska include a Cu-Au skarn and a Fe-skarn. 

Important Examples of Deposit Type

No Zn-Pb skarn deposits are known in this tract.

Rationale for Numerical Estimates 

Because of the lack of detailed geologic information, no estimates of the number of undiscovered deposits have been attempted.
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by   Bruce M. Gamble, Robert G. Eppinger, John W. Cady, Stanley E. Church, Byron R. Berger, Gregory T. Spanski

Rationale for Model Choice

The presence of intermediate to felsic plutonic rocks intruding carbonate rocks suggest that this tract is permissive for Zn-Pb skarn deposits as described by Cox (1986).  

Rationale for Tract Delineation

This tract is defined by the distribution of carbonate rocks and the known or inferred presence of intermediate to felsic plutonic rocks (Patton and others, 1994; Nokleberg and others, 1994).  Known mineral deposits in the area include a Cu-Au skarn and a Fe-skarn. Stream-sediment and heavy-mineral-concentrate samples from within the tract contain anomalous concentrations of Au, As, Sb, Cu, Pb, Zn, Sn, Hg, W, and Bi scattered throughout the area.

Important Examples of Deposit Type

No Zn-Pb skarn deposits are known in this tract.

Rationale for Numerical Estimates 

Because of the lack of detailed geologic information, no estimates of the number of undiscovered deposits have been attempted.
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by   Marti L. Miller, Bruce M. Gamble, and Warren J. Nokleberg 

Rationale for Model Choice

The presence of intermediate to felsic plutonic rocks that may intrude carbonate-bearing units suggests that this tract is permissive for Zn-Pb skarn deposits as described by Cox (1986).  

Rationale for Tract Delineation

This tract is defined by the distribution of carbonate rocks and possible carbonate-bearing units and by the known or inferred presence of intermediate to felsic plutonic rocks (Patton and others, 1994; Nokleberg and others, 1994).  Known mineral deposits in the adjacent tract in west-central Alaska include a Cu-Au skarn and a Fe-skarn. 

Important Examples of Deposit Type

No Zn-Pb skarn deposits are known in this tract.

Rationale for Numerical Estimates 

Because of the lack of detailed geologic information, no estimates of the number of undiscovered deposits have been attempted.
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by  Marti L. Miller, Thomas K. Bundtzen, Dennis P. Cox, John E. Gray, and Jeffrey D. Phillips.

Rationale for Model Choice

Zn-Pb skarns (Cox, 1986) are permissive in southwestern Alaska where carbonate rock units are locally intruded by small felsic plutons.

Rationale for Tract Delineation

The permissive tract for skarn deposits in southwestern Alaska consists of a large area in the eastern part of the region, and a smaller area in the southwestern part of the region.  The larger area includes three geologic settings:  (1) Cambrian to Devonian carbonate rocks of the Farewell terrane (Decker and others, 1994) that crop out in the McGrath, Sleetmute, Taylor Mountains, and Lime Hills quadrangles and are locally intruded by Late Cretaceous and Tertiary plutons (Bundtzen and others, 1987; Miller and others, 1989);  (2) Scattered carbonate roof pendants in proximity to porphyry Cu-type plutons in the Lake Clark (Nelson and others, 1983) and Iliamna quadrangles (Detterman and Reed, 1980); and  (3) Triassic limestones of the Kamishak Formation that may be intruded by porphyry Cu-type plutons in the Iliamna quadrangle (Detterman and Reed, 1980).  A small area in the Goodnews Bay quadrangle contains blocks of Ordovician, Devonian, and Permian limestone (Hoare and Coonrad, 1978), which are part of a structurally disrupted unit of mixed marine sedimentary and volcanic rock that forms the Nukluk subterrane of the Goodnews terrane (Decker and others, 1994).  Although none is known to intrude limestone, Late Cretaceous and early Tertiary granitic plutons lie within the Nukluk subterrane in this area.

Important Examples of Deposit Type

The Bowser Creek skarn deposit in the McGrath quadrangle (Bundtzen and others, 1987) is estimated to contain 272,000 tonnes grading 20% Pb and Zn, and 100 g/t Ag (Nokleberg and others, 1987).

Rationale for Numerical Estimates 

The presence of several examples of Zn-Pb skarns within the tract led the assessment team to conclude the likelihood of undiscovered deposits is relatively high.  The estimated minimum number of undiscovered Zn-Pb skarn deposits, consistent with the tonnage and grade model of Mosier (1986) is:
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Mean undiscovered deposits:  (no estimate)
by  Marti L. Miller and Thomas K. Bundtzen

Rationale for Model Choice

Zn-Pb skarns (Cox, 1986; Mosier, 1986) are permissive in south-central Alaska where carbonate rock units are locally intruded by small felsic plutons.

Rationale for Tract Delineation

This permissive tract for skarn deposits in south-central Alaska is a continuation of the adjacent tract in southwestern Alaska.  The area includes scattered carbonate roof pendants in proximity to porphyry Cu-type plutons similar to those described in the Lake Clark (Nelson and others, 1983) and Iliamna quadrangles (Detterman and Reed, 1980). 

Important Examples of Deposit Type

No Pb-Zn skarns are known in this tract.

Rationale for Numerical Estimates 

Several examples of Zn-Pb skarns occur within the adjacent tract in southwest Alaska, but none are known to occur within this tract.  The number of undiscovered deposits for this tract was not estimated.
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Mean undiscovered deposits:  1.7
by  David A. Brew, Cliff D. Taylor, Robert C. Jachens, Richard D. Koch, Donald Grybeck, James L. Drinkwater, David F. Barnes, and Larry J. Drew

Rationale for deposit type selection:

In this tract, Paleozoic carbonate and some clastic rocks are intruded by Cretaceous and Tertiary mesozonal to epizonal subduction- and post-subduction-related calcalkaline granitic plutons and dikes, with local development of extensive thermally altered areas. Zn-Pb skarn deposits (Cox, 1986) are inferred on the basis of their mineralogy, and association with carbonates adjacent to intrusive contacts.

Rationale for tract delineation:

This tract encompasses 18 separate areas defined by Brew and others (1991) on the basis of the distribution of Paleozoic carbonate and some clastic rocks that are intruded by Cretaceous and Tertiary granitic plutons and dikes, together with the known distribution of Zn-Pb skarns.  The detailed information from these individual areas comprise the regional metallogenic factors cited by Brew (1993). Tract boundaries were delineated by the combination of Paleozoic carbonate rocks and Cretaceous and Tertiary intrusive rocks.

Important examples of deposit type:

Groundhog Basin, east of Wrangell, Alaska is a Zn-Pb skarn deposit (Newberry and Brew, 1989).

Rationale for numerical estimate:

Permissive rock types and associations and appropriate geochemical patterns are the main basis for the estimates. The minimum number of undiscovered Zn-Pb skarn deposits, consistent with the grade and tonnage model of Mosier (1986), is estimated to be:
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Mean undiscovered deposits:  (no estimate)


by  Jeanine M. Schmidt, Karen D. Kelley, Richard I. Grauch, Byron R. Berger, John W. Cady, Gregory T. Spanski, James E. Kilburn.

Rationale for Model Choice

Numerous small occurrences of contact metasomatic skarns or disseminated and veinlet base metal mineralization associated with felsic plutons are known in the Brooks Range.   Petrologic and geochemical information on the plutons is limited, but numerous mineral deposit types are permissive, including polymetallic replacement deposits as described by Morris (1986). 

Rationale for Tract Delineation

This tract comprises all the Proterozoic, Devonian or Cretaceous granitic plutons in the Brooks Range, and includes all potential host rocks within 5 km of the plutons. These tracts contain variable amounts of carbonate rocks of ?Proterozoic to Paleozoic age which are likely hosts for replacement mineralization.  The timing and grade of metamorphism of the carbonate rocks, and their lithologies are not known in enough detail to differentiate areas of higher or lower favorability.  The geochemical data from stream sediment samples show anomalous levels of Sn, W, and/or Mo in addition to the base metals Cu-Pb-Zn.  There is very little, if any, gold associated with the intrusions. 

Important Examples of Deposit Type

There are no known examples of polymetallic replacement deposits in this tract.

Rationale for Numerical Estimates

There is insufficient geologic information to estimate the numbers of undiscovered mineral deposits for polymetallic replacement deposits in this tract.
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Mean undiscovered deposits:  (no estimate)


by Bruce M. Gamble, Robert G. Eppinger, John W. Cady, Stanley E. Church, Byron R. Berger, Gregory T. Spanski

Rationale for Model Choice

Numerous felsic to intermediate composition intrusions and metacarbonate rocks occur throughout the Seward Peninsula. Polymetallic vein deposits are locally present, such as the Billiken (Kugruk) Fe-Cu skarn suggesting that polymetallic replacement deposits as described by Morris (1986) are possible for this tract.

Rationale for Tract Delineation

This tract encompasses the Seward Peninsula plutons, exclusive of tin-granites.  Three distinct suites of plutonic rocks are present (Till and others, 1986; Gamble, 1988, Gamble and Till, 1988):  (1) 99‑108 Ma alkaline, nepheline-bearing intrusions;  (2) 90‑96 Ma sub-alkaline to alkaline plutons, typically monzonite, quartz monzonite, monzogranite, and granodiorite; and  (3) 81‑83 Ma calc-alkaline plutons, typically quartz monzodiorite, granodiorite, and monzogranite. All of these suites intrude units known to contain metacarbonate lithologies. Anomalous stream sediment and concentrate geochemistry includes: Ag, Cu, Pb, Zn, Mo, Sn, As, Sb, and rare Au.  

Important Examples of Deposit Type

No polymetallic replacement deposits are known.

Rationale for Numerical Estimates 

Insufficient data exist to estimate the expected number of undiscovered polymetallic replacement deposits in this tract.

References

Gamble, B.M., 1988, Non-placer mineral occurrences in the Solomon, Bendeleben, and parts of the Kotzebue quadrangles, western Alaska:  U.S. Geological Survey Miscellaneous Field Studies Map MF 1838-B, 1 sheet, scale 1:250,000, 13 p.

Gamble, B.M., and Till, A.B., 1993, Maps showing metallic mineral resources of the Bendeleben and Solomon quadrangles, western Alaska:  U.S. Geological Survey Miscellaneous Field Studies Map MF 1838-D, 3 sheets, scale 1:250,000, 22 p.

Morris, H.T., 1986, Descriptive model of polymetallic replacement deposits, in Cox, D.P., and Singer, D.A., eds., 1986, Mineral deposit models:  U.S. Geological Survey Bulletin 1693, p. 99.

Till, A.B., Dumoulin, J.A., Gamble, B.M., Kaufman, D.S., and Carroll, P.I., 1986, Preliminary geologic maps and fossil data, Solomon, Bendeleben, and southern Kotzebue quadrangles, Seward Peninsula, Alaska:  U.S. Geological Survey Open-File Report 86‑276, 62 p., scale 1:250,000. 

AK-EC16


Polymetallic Replacement

Alaska 


East Central

 

Descriptive Model:  19a


Mark3 Index:   47

Area:   23,291 km2   



Mean undiscovered deposits:  (no estimate)


by  Jeanine M. Schmidt and Thomas D. Light

Rationale for Model Choice

Numerous small occurrences of contact metasomatic skarns or disseminated and veinlet base metal mineralization associated with felsic plutons are known in east-central Alaska.   Petrologic and geochemical information on the plutons is limited, but the geology is permissive for several types of mineral deposits, including polymetallic replacement deposits as described by Morris (1986). 

Rationale for Tract Delineation

This tract is defined by  Paleozoic carbonate rocks of the Yukon-Tanana terrane.  Paleozoic metamorphic rocks that contain minor marble units of unknown origin, such as biotite gneiss and amphibolite (PzpCb of Foster, 1976), have not been included in this tract.  In the Eagle and Charley River quadrangles geologically favorable units include the limestones of the Tindir Group, the Funnel Creek Limestone, the Hillard Limestone, and the Calico Bluff Formation.  The western portion of this tract includes the Paleozoic limestones of the Quail, Amy Creek, Schwatka, and other minor units.

Important Examples of Deposit Type

There are no known examples of polymetallic replacement deposits in this tract.

Rationale for Numerical Estimates

There is insufficient geologic information to estimate the number of undiscovered polymetallic replacement deposits in this tract.
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Mean undiscovered deposits:  (no estimate)


by  Marti L. Miller, Bruce M. Gamble, and Thomas D. Light

Rationale for Model Choice

In east-central Alaska and nearby parts of southwestern, west-central, and south-central Alaska, carbonate rocks that are locally intruded by small felsic plutons may host polymetallic replacement deposits as described by Morris (1986).

Rationale for Tract Delineation

The areas permissive for polymetallic replacement deposits are defined by Paleozoic carbonate rocks, belonging to the Nixon Fork and Minchumina terranes (Patton and others, 1994), that are locally intruded by Late Cretaceous and Tertiary plutons. This tract is a continuation of adjacent tracts in southwestern, west-central, and south-central Alaska.

Important Examples of Deposit Type

No examples of polymetallic replacement deposits are known in this tract.

Rationale for Numerical Estimates

No estimate of undiscovered resources was attempted.
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Mean undiscovered deposits:  (no estimate)


by  Marti L. Miller, Bruce M. Gamble, and Thomas D. Light

Rationale for Model Choice

In west-central Alaska and nearby parts of southwestern, east-central, and south-central Alaska, carbonate rocks that are locally intruded by small felsic plutons may host polymetallic replacement deposits as described by Morris (1986).  

Rationale for Tract Delineation

The area permissive for polymetallic replacement deposits is defined by Paleozoic carbonate rocks and carbonate-bearing units that are locally intruded by Late Cretaceous and Tertiary plutons.  The permissive area lies in the Ruby and Medfra quadrangles and forms part of the Nixon Fork and Minchumina terranes (Patton and others, 1994). This tract is a continuation of adjacent tracts in southwestern, east-central, and south-central Alaska.

Important Examples of Deposit Type

No examples of polymetallic replacement deposits are known in this tract.

Rationale for Numerical Estimates

No estimate of undiscovered resources was attempted.
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Mean undiscovered deposits:  (no estimate)


by  Marti L. Miller, Thomas K. Bundtzen, Dennis P. Cox, John E. Gray, and Jeffrey D. Phillips.

Rationale for Model Choice

In southwestern Alaska and nearby parts of west-central, east-central, and south-central Alaska, carbonate rocks that are locally intruded by small felsic plutons may host polymetallic replacement deposits as described by Morris (1986).

Rationale for Tract Delineation

The areas permissive for polymetallic replacement deposits are defined by Paleozoic carbonate rocks that are locally intruded by Late Cretaceous and Tertiary plutons.  The main permissive area lies in the McGrath, Sleetmute, Taylor Mountains, and Lime Hills quadrangles and forms the Farewell terrane (Decker and others, 1994).  A smaller permissive area in the Goodnews Bay quadrangle contains blocks of Ordovician, Devonian, and Permian limestone (Hoare and Coonrad, 1978), that may correlate with the Farewell terrane units (R.B. Blodgett, oral commun., 1992). This tract is a continuation of adjacent tracts in west-central, east-central, and south-central Alaska.

Important Examples of Deposit Type

No examples of polymetallic replacement deposits are known in this tract.

Rationale for Numerical Estimates

No estimate of undiscovered resources was attempted.
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Mean undiscovered deposits:  (no estimate)


by  Marti L. Miller, Bruce M. Gamble, and Thomas D. Light

Rationale for Model Choice

In south-central Alaska and nearby parts of southwestern, west-central, and east-central Alaska, carbonate rocks that are locally intruded by small felsic plutons may host polymetallic replacement deposits as described by Morris (1986).

Rationale for Tract Delineation

The areas permissive for polymetallic replacement deposits are defined by Paleozoic carbonate rocks, belonging to the Nixon Fork and Minchumina terranes, that are locally intruded by Late Cretaceous and Tertiary plutons (Patton and others, 1994).  This tract is a continuation of adjacent tracts in southwestern, east-central, and west-central Alaska.

Important Examples of Deposit Type

No examples of polymetallic replacement deposits are known in this tract.

Rationale for Numerical Estimates

No estimate of undiscovered resources was attempted.
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Mean undiscovered deposits:   0.14

by  David A. Brew, Cliff D. Taylor, Robert C. Jachens, Richard D. Koch, Donald Grybeck, James L. Drinkwater, David F. Barnes, and Larry J. Drew

Rationale for deposit type selection

In southeastern Alaska, small polymetallic replacement deposits are possible where Paleozoic carbonate and some clastic rocks are intruded by Cretaceous and Tertiary mesozonal to epizonal subduction- and post-subduction-related calcalkaline granitic plutons and dikes.

Rationale for tract delineation

Tract boundaries were delineated by the combination of Paleozoic carbonate rocks and Cretaceous and Cretaceous and Tertiary intrusive rocks (Brew and others, 1991).  These criteria are the regional metallogenic factors cited by Brew (1993). 

Important example of deposit type

Coronation Island is a Pb-Ag polymetallic replacement deposit in Silurian limestone and marble intruded by Tertiary(?) diorite (Twenhofel and others, 1949).

Rationale for numerical estimate

Permissive rock types and associations and appropriate geochemical patterns (Brew and others, 1991) were the main basis for the estimates.  The minimum number of undiscovered polymetallic replacement deposits, consistent with the grade and tonnage model of Mosier and others (1986), estimated to occur in this tract is:
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Mean undiscovered deposits:  (no estimate)


by  Jeanine M. Schmidt, Karen D. Kelley, Richard I. Grauch, Byron R. Berger, John W. Cady, Gregory T. Spanski, James E. Kilburn.

Rationale for Model Choice

Polymetallic vein deposits (Cox, 1986) can be associated with intrusive rocks of any age and a wide range of compositions.  Therefore, it is difficult to limit the permissive area of deposits without significantly more geologic control than exists in most of Alaska.  This model also serves as somewhat of a catch‑all for deposits of unknown type that, given minimal information, do not appear to fit into other categories. Areas that are not considered permissive are predominantly where there is sufficiently detailed geologic information to indicate that deposits do not exist. 

Numerous small occurrences of contact metasomatic skarns or disseminated and veinlet base metal mineralization are known in the area (Grybeck and others, 1977; Grybeck and Nelson, 1981).   Petrologic and geochemical information on the plutons is limited or absent but geologic factors are permissive for numerous mineral deposit types, including polymetallic vein deposits. 

Rationale for Tract Delineation

This tract comprises all the Proterozoic, Devonian or Cretaceous granitic plutons in the Brooks Range, and includes all potential host rocks within 5 km of the plutons. The timing and grade of metamorphism of the host rocks, and their lithologies are not known in enough detail to differentiate areas of higher or lower favorability.  The geochemical data from stream sediment samples show anomalous levels of Sn, W, and/or Mo in addition to the base metals Cu-Pb-Zn.    There is very little, if any, gold associated with the intrusions. 

Important Examples of Deposit Type

No polymetallic vein deposits are known in this tract.

Rationale for Numerical Estimates

There is insufficient geologic information to estimate the number of undiscovered polymetallic vein deposits in this tract.
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Mean undiscovered deposits:  (no estimate)


by  Bruce M. Gamble, Robert G. Eppinger, John W. Cady, Stanley E. Church, Byron R. Berger, Gregory T. Spanski

Rationale for Model Choice

Polymetallic vein deposits are associated with hypabyssal intrusions of nearly any age and a wide range of compositions, in sedimentary and metamorphic terranes (Cox, 1986). Polymetallic veins may also be spatially related to a large number of other types of deposits, thus making their permissive area quite extensive. This model also serves as somewhat of a catch‑all for deposits of unknown type that, given minimal information, do not appear to fit into other similar categories.

Rationale for Tract Delineation

This tract includes contains several polymetallic vein deposits associated with three distinct suites of Late Cretaceous plutonic rocks (Till and others, 1986):  (1) 99‑108 Ma alkaline, nepheline-bearing intrusions;  (2) 90‑96 Ma sub-alkaline to alkaline plutons, typically monzonite, quartz monzonite, monzogranite, and granodiorite; and  (3) 81‑83 Ma calc-alkaline plutons, typically quartz monzodiorite, granodiorite, and monzogranite.  The tract also includes several types of polymetallic veins, and areas of  Ag, Cu, Pb, Zn, Mo, Sn, As, Sb, and rare Au anomalies in stream sediments and heavy-mineral concentrates (Gamble, 1988a, 1988b).

Important Examples of Deposit Type

Mineral deposits include the Independence Ag-Pb-Zn polymetallic vein, Omilak East and Foster Ag-Pb polymetallic veins(?), and Cu-rich polymetallic veins of the upper Niukluk River

Rationale for Numerical Estimates 

Because of the limited exposure, uncertainty of classification of polymetallic vein varieties, and lack of information on controls of mineralization, estimating the expected number of undiscovered polymetallic vein deposits was not attempted.
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Polymetallic Vein
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West Central

 

Descriptive Model:  22c


Mark3 Index:   52

Area:   57,404 km2   



Mean undiscovered deposits:  (no estimate)


by  Bruce M. Gamble, Robert G. Eppinger, John W. Cady, Stanley E. Church, Byron R. Berger, Gregory T. Spanski

Rationale for Model Choice

Polymetallic vein deposits are associated with hypabyssal intrusions of nearly any age and a wide range of compositions, in sedimentary and metamorphic terranes (Cox, 1986). Polymetallic veins may also be spatially related to a large number of other types of deposits, thus making their permissive area quite extensive. This model also serves as somewhat of a catch‑all for deposits of unknown type that, given minimal information, do not appear to fit into other similar categories.

Rationale for Tract Delineation

This tract encompasses the Koyukuk magmatic arc, which chiefly consists of Upper Jurassic(?) and Lower Cretaceous island arc andesitic volcanic rocks (Patton and others, 1989, Nokleberg and others, 1994).  Two major suites of intrusive rocks are present:  (1) a 79‑89 Ma I-type tonalite to granite in the east; and (2) a 99‑113 Ma S-type group in the west containing potassic syenites and monzonites, and ultrapotassic nepheline-bearing intrusive rocks (Patton and others, 1989).  Stream sediment anomalies include As, Sb, Pb, Cu, Au, Ag, and W.  Some of these anomalies are spatially associated with intrusions.

Important Examples of Deposit Type

Polymetallic veins are known at Granite Mountain, Quartz Creek, at Hawk River in the Shungnak quadrangle, and in the Selawik area (Miller and Ferrians, 1968; Nokleberg and others, 1987).

Rationale for Numerical Estimates 

Because of the lack of data for this tract, no attempt was made to estimate the number of undiscovered polymetallic vein deposits.
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Descriptive Model:  22c


Mark3 Index:   52

Area:
124,544 km2



Mean undiscovered deposits:  (no estimate)


by Donald Grybeck, Thomas D. Light, Warren J. Nokleberg, William J. Keith, Dennis P. Cox, Gregory K. Lee, and Jeffrey D. Phillips.

Rationale for Model Choice

Polymetallic vein deposits can be associated with intrusive rocks of any age and a wide range of compositions  (Cox, 1986).  Polymetallic veins may also be spatially related to a large number of other types of deposits, thus making their permissive area quite extensive.  This model also serves as somewhat of a catch‑all for deposits of unknown type that, given minimal information, do not appear to fit into other similar categories 

Rationale for Tract Delineation

The permissive area for polymetallic veins is considered to be the entire extent of the Yukon-Tanana Upland and the Kokrine-Hodzana Highlands of Wahrhaftig (1965), which comprise the southern and western portions of east central Alaska and the northern portion of south-central Alaska. This area is predominately Paleozoic metamorphic and sedimentary units intruded by Late Cretaceous and early Tertiary granitic plutons, dikes, and sills of the Kluane arc.  Geophysical and geochemical data may support the permissive classification of large areas where no polymetallic vein deposits are known. This tract is contiguous to the permissive tract in south-central Alaska.  

Important Examples of Deposit Type

The Banjo and Quigley Ridge deposits in the Mount McKinley quadrangle (Nokleberg and others, 1987), as well as many of the veins in the Fairbanks area can be classified as polymetallic veins.  Insufficient information precludes a more detailed classification in many cases.

Rationale for Numerical Estimates 

No estimates of the undiscovered polymetallic veins in this tract was attempted because of the lack of detailed geologic information.
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Descriptive Model:  22c


Mark3 Index:   52

Area:
50,568 km2



Mean undiscovered deposits:  (no estimate)


by Donald Grybeck, Thomas D. Light, Warren J. Nokleberg, William J. Keith, Dennis P. Cox, Gregory K. Lee, and Jeffrey D. Phillips.

Rationale for Model Choice

Polymetallic vein deposits can be associated with intrusive rocks of any age and a wide range of compositions  (Cox, 1986).  Polymetallic veins may also be spatially related to a large number of other types of deposits, thus making their permissive area quite extensive.  This model also serves as somewhat of a catch‑all for deposits of unknown type that, given minimal information, do not appear to fit into other similar categories 

Rationale for Tract Delineation

The permissive area for polymetallic veins is considered to be the entire extent of the Yukon-Tanana Upland and the Kokrine-Hodzana Highlands of Wahrhaftig (1965), which comprise the southern and western portions of east central Alaska and the northern portion of south-central Alaska. This area is predominately Paleozoic metamorphic and sedimentary units intruded by Late Cretaceous and early Tertiary granitic plutons, dikes, and sills of the Kluane arc.  Geophysical and geochemical data may support the permissive classification of large areas where no polymetallic vein deposits are known.  This tract is contiguous to the permissive tract in east-central Alaska.  

Important Examples of Deposit Type

The Banjo and Quigley Ridge deposits in the Mount McKinley quadrangle (Nokleberg and others, 1987), as well as many of the veins in the Fairbanks area can be classified as polymetallic veins.  Insufficient information precludes a more detailed classification in many cases.

Rationale for Numerical Estimates 

No estimates of the undiscovered polymetallic veins in this tract was attempted because of the lack of detailed geologic information.
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Descriptive Model:  22c



Mark3 Index:   52

Area:  229,939 km2




Mean undiscovered deposits:  (no estimate)


by  Marti L. Miller, Thomas K. Bundtzen, Dennis P. Cox,  John E. Gray, Jeffrey D. Phillips

Rationale for Model Choice

Polymetallic vein deposits can be associated with intrusive rocks of any age and a wide range of compositions  (Cox, 1986).  Polymetallic veins may also be spatially related to a large number of other types of deposits, thus making their permissive area quite extensive.  This model also serves as somewhat of a catch‑all for deposits of unknown type that, given minimal information, are not clearly described by other deposit models.

Rationale for Tract Delineation

This tract includes most of southwestern Alaska and extends into the northwest corner of the Alaska Peninsula.  It is drawn on the basis of the distribution of known and inferred plutonic rocks in sedimentary and metamorphic terranes.  The tract was extended to include the covered areas of Dillingham, Marshall, Black, and Kwiguk quadrangles on the basis of geophysical data (gamma ray and aeromag), which indicate the possibility of shallow plutons.

The area contains numerous scattered gold-sulfide mineral occurrences, which (on the basis of available data) do not fit other model types, so are tentatively classified as polymetallic veins.  

Important Examples of Deposit Type

Although insufficient data are available for definitive classification, the Fortyseven Creek lode occurrence in Sleetmute quadrangle (Miller and others, 1989) may be a polymetallic vein deposit (Bundtzen and Nokleberg, 1987). 

Rationale for Numerical Estimates 

Due to the paucity of geologic data in most of the area, no estimate of undiscovered resources was made.
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Area:
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Mean undiscovered deposits:  (no estimate)


by Bruce M. Gamble, Robert G. Eppinger, John W. Cady, Stanley E. Church, Byron R. Berger, Gregory T. Spanski 

Rationale for Model Choice

Polymetallic vein deposits can be associated with intrusive rocks of any age and a wide range of compositions  (Cox, 1986).  Polymetallic veins may also be spatially related to a large number of other types of magmatic-hydrothermal deposits, thus making their permissive area quite extensive. 

Rationale for Tract Delineation

This tract includes that part of west-central Alaska south of the Kaltag fault, and is contiguous to the tract in southwestern Alaska.  It is based on the distribution of known and inferred plutonic rocks, some of which are Late Cretaceous or early Tertiary volcano-plutonic complexes, in sedimentary and metamorphic terranes.  Only reconnaissance level data are available to define the extent of the tract.  Stream-sediment and/or concentrate anomalies of Au, As, Sb, Cu, Pb, n, Sn, Hg, and Bi are scattered throughout the area..

Important Examples of Deposit Type

There are several scattered occurrences that have been tentatively classified as polymetallic veins.  The Wyoming Creek, Illinois Creek, and Perseverance Valley occurrences may be polymetallic veins.

Rationale for Numerical Estimates 

Due to the paucity of geologic data in most of the area, and our uncertainty assigning this model, no estimate of undiscovered resources was made.

References

Cox, D.P., 1986, Descriptive model of polymetallic veins, in Cox, D.P., and Singer, D.A., eds., Mineral deposit models:  U.S. Geological Survey Bulletin 1693, p. 125.

AK-SC28


Polymetallic Vein



Alaska 


South Central

 

Descriptive Model:  22c

Mark3 Index:   52

Area:   79,025 km2   


Mean undiscovered deposits:  4.33

by  Warren J. Nokleberg, Dennis P. Cox,  Richard J. Goldfarb, David L. Campbell, and Warren Yeend.

Rationale for Model Choice

Polymetallic vein deposits can be associated with intrusive rocks of any age and a wide range of compositions  (Cox, 1986).  Polymetallic veins may also be spatially related to a large number of other types of deposits, thus making their permissive area quite extensive.  This model also serves as somewhat of a catch‑all for deposits of unknown type that, given minimal information, do not appear to fit into other similar categories 

Rationale for Tract Delineation

The favorable geologic units for this tract are mainly the Wrangellia and Peninsular terranes where locally intruded by the calc-alkaline granitic plutons, dikes, and sills of the Late Cretaceous and early Tertiary Kluane arc. Because concealed plutons and associated polymetallic vein deposits may occur near the surface, the tract includes all of the Wrangellia and Peninsular terranes. Placer Au mines in the region might be in part derived from polymetallic vein and associated granitic-magmatism-related deposits. Areas of known and possibly concealed granitic plutons (greater than several km diameter) in the tract are delineated by large, blotchy magnetic highs on the aeromagnetic map of Alaska (Godson, 1994) and (or) by K and eU or eTh highs interpreted from sparse data on radiometric maps (J.D. Phillips and F. Riggle, written commun., 1994).  Geophysical and geochemical data support the permissive classification of large areas where no polymetallic vein deposits are known.

The distribution of the geologic units defining the tract is adapted from Nokleberg and others (1994). The distribution of this belt of mineral deposits is adapted from MacKevett and others (1978) and Nokleberg and others (1987, 1993). Mineral resource assessments of 250,000-scale quadrangles within the tract were done by Richter and others (1975), MacKevett (1976), Singer and MacKevett (1977), Singer and others (1980), Reed and others (1979), Cox and others (1989), Nokleberg and others (1990), and Madden-McGuire and Winkler (1993).

Important Examples of Deposit Type

Examples of polymetallic vein deposits in this tract are the Golden Zone mine, and the Nimbus, Silver King, and Mayflower deposits in the Healy quadrangle (Hawley and Clark, 1974; Swainbank and others, 1977), and the Nabesna Glacier prospect in the Nabesna quadrangle (Richter and others, 1975) are important examples of this type of deposit. Placer Au mines in the Bonnifield, Delta River, and Kantishna districts (Capps, 1912, 1919; Smith, 1941; Rose, 1965; Cobb, 1973; Gilbert and Bundtzen, 1979; Bundtzen, 1981; Nokleberg and others, 1991) may be partly derived from polymetallic veins.

Rationale for Numerical Estimates

The tract is covered locally by extensive ice fields and glaciers, and by Cenozoic sedimentary and volcanic rocks.  Because deposits are known in the tract, detailed exploration might result in the discovery of additional deposits. An excellent possibility exists of at least one undiscovered deposit in the tract.  The minimum number of undiscovered polymetallic vein deposits, consistent with the grade and tonnage model of Bliss and Cox (1986), are estimated to be:



Percentile



90
50
10
5
1



Estimated number of deposits 

  1
  5
  7
7
7
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Mark3 Index:   52

Area:  16,669 km2   


Mean undiscovered deposits:  (no estimate)


by  Warren J. Nokleberg, Dennis P. Cox, Richard J. Goldfarb, and David L. Campbell.

Rationale for Model Choice

Parts of the Wrangell Mountains are permissive for polymetallic vein deposits because of favorable Tertiary volcanic rocks and sparse hypabyssal granitic plutonic rocks, sparse geochemical anomalies (Ba, Pb, Zn, Sn, and Mo), local chalcopyrite and pyrite in heavy-mineral concentrates, and local aeromagnetic anomalies. The tract is not considered permissive for epithermal vein deposits because exploration geochemical data indicate undiscovered polymetallic rather than epithermal vein deposits, because of the lack of known epithermal vein deposits, and because of a lack of As, Sb, Ag, and Au geochemical anomalies.

Rationale for Tract Delineation

The favorable rock units defining the tract are the felsic volcanic and hypabyssal granitic plutonic rocks of the middle and late Cenozoic Wrangell Lava, a constructional Andean-arc-type volcanic complex. High volcanoes, mud volcanoes, and hot springs are characteristic of parts of the tract. Portions of the tract exhibit areas of bleaching and silicification; heavy mineral concentrates locally contain abundant chalcopyrite and pyrite, and exhibit anomalous Ba, Pb, Zn, Sn, and Mo. On the aeromagnetic map of Alaska (Godson, 1994), aeromagnetic anomalies indicate that the late Tertiary and Quaternary volcanic rocks that define the tract may continue beneath areas of late Quaternary and Recent sedimentary rocks. An annular magnetic high anomaly along the northern edge of the tract might reflect a concealed and related porphyry granitic pluton.

The distribution of the geologic units defining the tract is adapted from Nokleberg and others (1994). The distribution of this belt of mineral deposits is adapted from MacKevett and others (1978) and Nokleberg and others (1987, 1993). Mineral resource assessments of 250,000-scale quadrangles within the tract were done by Richter and others (1975), MacKevett (1976), and Singer and MacKevett (1977), Singer and others (1980).

Important Examples of Deposit Type

No polymetallic veins are known in the area, but the geologic setting is permissive for deposits of this type.
Rationale for Numerical Estimates

The tract is consists mostly of high late Tertiary to currently active volcanoes and associated volcanic fields. Parts of the tract are covered by extensive snow and ice fields and glaciers. Access is poor. No estimate of undiscovered deposits is attempted because no polymetallic sulfide veins are known.
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Descriptive Model:  22c

Mark3 Index:   52

Area:  27,515 km2   


Mean undiscovered deposits:  45.33

by  Frederic H. Wilson, Stanley E. Church, Richard W. Saltus, Lawrence J. Drew, and W. David Menzie. 

Rationale for Model Choice

Polymetallic vein deposits can be associated with intrusive rocks of any age and a wide range of compositions  (Cox, 1986).  Polymetallic veins may also be spatially related to a large number of other types of deposits, thus making their permissive area quite extensive.  This model also serves as somewhat of a catch‑all for deposits of unknown type that, given minimal information, do not appear to fit into other similar categories 

Rationale for Tract Delineation

The tract is defined as all areas that lie within approximately 5 km of known or inferred volcanic and hypabyssal intrusions of Tertiary and Quaternary age in the Chignik subterrane of the Alaska Peninsula. Geochemical data support the permissive classification of large areas where no polymetallic vein deposits are known. Many areas of hydrothermally altered volcanic or sedimentary rocks occur within this tract and sparsely distributed geochemical sampling shows that a number of these are anomalous in multiple metals, including copper, lead, and or zinc. Polymetallic vein deposits are permissive around porphyry copper-type occurrences; the large number of potential porphyry copper-type occurrences in this tract suggest high potential for polymetallic veins.  Areas that are not considered permissive are predominantly where there is sufficiently detailed geologic information to indicate that deposits do not exist.

Important Examples of Deposit Type

Of a total of 210 occurrences in this tract (Wilson and others, 1988), 52 of the occurrences are classified as possible polymetallic veins.  Renshaw Point is an example of a possible polymetallic vein.  Many other small occurrences of this type of deposit are known and additional deposits are expected.

Rationale for Numerical Estimates 

The minimum number of undiscovered polymetallic vein deposits, consistent with the tonnage and grade model of Bliss and Cox (1986),  expected to occur in this tract is estimated as:



Percentile


90
50
10
 5
 1



Estimated number of deposits   
10
40
90
90
90
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AK-AP14


Polymetallic Vein


Alaska 


Alaska Peninsula and Aleutian Islands

 

Descriptive Model:  22c

Mark3 Index:   52

Area:   20,011 km2   


Mean undiscovered deposits:  18.67

by  Frederic H. Wilson, Stanley E. Church, Richard W. Saltus, Lawrence J. Drew, and W. David Menzie. 

Rationale for Model Choice

Polymetallic vein deposits can be associated with intrusive rocks of any age and a wide range of compositions  (Cox, 1986).  Polymetallic veins may also be spatially related to a large number of other types of deposits, thus making their permissive area quite extensive.  This model also serves as somewhat of a catch‑all for deposits of unknown type that, given minimal information, do not appear to fit into other similar categories 

Rationale for Tract Delineation

The Aleutian Islands are a poorly mapped area of volcanic and volcaniclastic rocks of Tertiary and Quaternary age intruded by plutons of Oligocene, Late Miocene, and possibly other ages.  The geologic setting is permissive for polymetallic vein deposits and there are several small occurrences that possibly are polymetallic veins.  In addition, polymetallic veins may be spatially related to other types of deposits, especially porphyry type systems, thus enlarging their permissive area.  Very little geophysical and geochemical data are available to support or rule out the permissive classification of large areas where no polymetallic vein deposits are known.  Areas not considered permissive are predominantly where there is sufficiently detailed geologic information to indicate that deposits do not exist.

Important Examples of Deposit Type

The Biorka prospect on Sedanka Island (Webber and others, 1946) and the Rootok Island prospect (Butherus and others, 1979) may both be polymetallic veins.  In addition, a prospect reported by the Russians in the 18th or 19th century near Bornite Lake (Reinken or Bornite Lake prospect, Randolph, 1991) on Unalaska Island may also be a polymetallic vein.

Rationale for Numerical Estimates 

The minimum number of undiscovered polymetallic vein deposits, consistent with the tonnage and grade model of Bliss and Cox (1986) has been estimated at:



Percentile

             90    50    10
 5
 1



Estimated number of deposits
  5    10    45 
45
45
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Area:   21,295 km2   


Mean undiscovered deposits:  9.5

by  David A. Brew, Cliff D. Taylor, Robert C. Jachens, Richard D. Koch, Donald Grybeck, James L. Drinkwater, David F. Barnes, and Larry J. Drew

Rationale for model choice:

In southeast Alaska, Mesozoic and Paleozoic clastic, volcanic and some carbonate rocks that are intruded by scattered Cretaceous and Tertiary mesozonal to epizonal subduction- and post-subduction-related calcalkaline granitic plutons and dikes host numerous polymetallic vein deposits..

Rationale for tract delineation:

This multi-part tract is delineated by outcrop areas of Mesozoic and Paleozoic sedimentary, volcanic, and metamorphic rocks that are intruded by Cretaceous and Tertiary granitic plutons, by numerous occurrences of polymetallic veins, and by favorable geochemical patterns (Brew and others, 1991; Brew, 1993).

Important examples of deposit type:

Numerous deposits occur in the Hyder Mining District, including the Homestake and Riverside.  The Lucky Nell, Puyallup, Dawson, Valparaiso, and Golden Fleece deposits are on Prince of Wales Island.  Admiralty Alaska (Willoughby) and Alaska Dano are on Admiralty Island.  The Hoadley and Goldstream occurrences are near Ketchikan, and the Lost Charlie Ross deposit is near the Whiting River.

Rationale for numerical estimate:

Permissive rock types and associations, abundant known deposits, and appropriate geochemical patterns were the main basis for the estimates. The minimum number of undiscovered polymetallic vein deposits, consistent with the grade and tonnage model of Bliss and Cox (1986) was estimated to be:  


Percentile


90
50
10
5
1


Estimated number of deposits
5
9
15
17
21

References:

Bliss, J.D., and Cox, D.P., 1986, Grade and tonnage model of polymetallic veins, in Cox, D.P., and Singer, D.A., eds., Mineral deposit models: U.S. Geological Survey Bulletin 1693, p. 125-129.

Brew, D.A., 1993, Regional geologic setting of mineral resources in southeastern Alaska, in Godwin, L.H., and Smith, B. D., eds., Economic mineral resources of the Annette Islands Reserve, Alaska: U.S. Dept. of the Interior, Bureau of Indian Affairs, Division of Energy and Mineral Resources Publication, p.13-20.

Brew, D.A., Drew, L.J., Schmidt, L.M., Root, D.H., and Huber,  D.F, 1991, Undiscovered locatable mineral resources of the Tongass National Forest and adjacent areas, southeastern Alaska: U.S. Geological Survey Open-File Report 91-10, 370 p., 15 maps at 1:250,000, 1 map at 1:500,000, 11 figs.

AK-SC01



Kennecott Cu


Alaska


South Central

 

Descriptive Model 23    

Mark3 Index:  (none)

Area:   25,441 km2


Mean undiscovered deposits:  (no estimate)




by Warren J. Nokleberg, Dennis P. Cox, David L. Campbell, and Warren Yeend.

Rationale for Model Choice

This tract covers parts of the Alaska Range and Wrangell Mountains, and is permissive for Kennecott Cu deposits because of favorable bedrock geologic units, known major mines, geochemical anomalies (Cu, As, Au, Ag, Hg), and locally abundant chalcopyrite and bornite in stream-sediment samples.

Rationale for Tract Delineation

The geologic units that define this tract are the Upper Triassic Chitistone Limestone and correlative units where underlain by the Upper Triassic Nikolai Greenstone. The mafic volcanic rocks of the Nikolai Greenstone exhibit elevated copper concentrations. The major Kennecott Cu deposits are interpreted as having been derived by a combination of hydrothermal and (or) metamorphic processes in the mid-Cretaceous (Nokleberg and others, 1993) from the upper part of the Nikolai to form the large deposits in the Kennecott Cu district (Bateman and McLaughlin, 1920) that occur in the overlying Upper Triassic Chitistone Limestone. Because the Nikolai is interpreted as the source of copper, the distribution of the Nikolai defines the permissive extent of both basaltic copper and Kennecott Cu deposit types. On the aeromagnetic map of Alaska (Godson, 1994), the tract displays local birds-eye magnetic anomalies that are characteristic of (meta) basalt. The Kennecott Cu deposits in this tract may be genetically associated with formation of Cu-Ag quartz vein deposits (tract AK-SC05) in that both are interpreted to have formed during mid-Cretaceous low-grade regional metamorphism (Nokleberg and others, 1993).

The distribution of the geologic units defining the tract is adapted from Nokleberg and others (1994). The distribution of this belt of mineral deposits is adapted from MacKevett and others (1978) and Nokleberg and others (1987, 1993). Mineral resource assessments of 250,000-scale quadrangles within the tract were done by Richter and others (1975), MacKevett (1976), Singer and others (1977, 1980), Cox and others (1989), and Nokleberg and others (1990).

Important Examples of Deposit Type

The famous Cu mines of the Kennecott district (Bonzana, Erie, Green Butte, Jumbo, Mother Lode) (Bateman and McLaughlin, 1920; MacKevett, 1976) occur in this tract. These mines were included in the basaltic copper model described by Cox (1986). Considerable debate exists over the inclusion of the Kennecott Cu deposits in the basaltic copper model, because these deposits, although interpreted as derived from the basalts, are formed in carbonate rocks as much as 100 meters above the basalt (Bateman and McLaughlin, 1920). The associated Cu-Ag quartz vein deposits in the Kennecott district and elsewhere in the tract are classified into a metamorphic-related Cu-Ag quartz vein deposit model by Nokleberg and others (1993). 

Rationale for Numerical Estimates

No tonnage and grade model exists for Kennecott Cu deposits. Therefore, no estimate of the number of undiscovered deposits was attempted.
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Mark3 Index:  (none)

Area:   1,347 km2   


Mean undiscovered deposits:  (no estimate)




by Marti L. Miller and Thomas K. Bundtzen 

Rationale for Model Choice

The well known Kennecott copper deposits are associated with carbonate and greenstone units of the Wrangellia terrane (Jones and others, 1987).  Similar carbonate and greenstone lithologies, which may correlate with those of the Wrangellia terrane (Detterman and Reed, 1980), occur locally in the Iliamna quadrangle.  The Kennecott copper deposits were included in the basaltic copper descriptive model (Cox, 1986), and there has been considerable debate over this classification.  However, whether the Kennecott deposits are classified as basaltic Cu, replacement, or sabkha, the controlling factor for the delineation of a permissive tract is the distribution of the greenstones.  With this consideration, we have avoided the controversy by lumping the models together.

Rationale for Tract Delineation

This tract includes the Cottonwood Bay Greenstone as mapped and described by Detterman and Reed (1980), and the overlying Upper Triassic carbonate, shale, siltstone, and chert of the Kamishak Formation.

Important Examples of Deposit Type

No basaltic copper or Kennecott-type mineral occurrences are known in southwest Alaska.  Most copper occurrences in the Iliamna quadrangle are contact metamorphic skarns (Detterman and Reed, 1980).  One locality described only as a “bedrock occurrence of copper sulfide” reportedly is in carbonate rock in the vicinity of greenstone (Cobb and Reed, 1981).

Rationale for Numerical Estimates 

Because the geologic host rock associations are inferred, and there are no known deposits, this tract is considered to be speculative.  No estimate of undiscovered basaltic copper or Kennecott-type deposits was attempted.
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Mean undiscovered deposits:
 0.18

by David A. Brew, Cliff D. Taylor, Robert C. Jachens, Richard D. Koch, Donald Grybeck, James L. Drinkwater, David F. Barnes, and Larry J. Drew

Rationale for deposit type selection

In this tract Triassic subaerial basalts (greenstones) of the Wrangellia terrane contain local concentrations of Cu-sulfide minerals that are interpreted to be basaltic Cu deposits.

Rationale for tract delineation

This tract includes Paleozoic mafic volcanic and carbonate rocks, Triassic(?) and Cretaceous greenstones, and Triassic mafic volcanic rocks. Tract boundaries were delineated mainly by the distribution of mafic volcanic rocks and greenstones, occurrence of known deposits, and Ag, Cu, Pb, and Zn geochemical anomalies associated with mafic volcanic rocks and greenstones (Brew and others, 1991).

Important example of deposit type

Baker Peak on Chichagof Island contains massive to disseminated chalcopyrite, and pyrite in Triassic(?) basalt flows, and is possibly a basaltic Cu deposit (Brew and others, 1991).

Rationale for numerical estimate

Permissive rock types and associations, a few known deposits, and appropriate geochemical patterns were the main basis for the estimates. For assessment purposes, the team used an assumed mean grade and tonnage similar to the basaltic Cu deposits of the Upper Peninsula of Michigan, which have a median size of 15.7 million metric tons and a median grade of 1.1 percent Cu (White, 1968).  This model may overestimate the number of deposits in this distant location, but it at least provides a preliminary and tentative estimate.  The estimated number of undiscovered basaltic Cu deposits in this tract is:


Percentile


90
50
10
5
1


Estimated number of deposits
  0
  0
  0
2
3 
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Descriptive Model:  24a

Mark3 Index:  11

Area: 4,203 km2   


Mean undiscovered deposits:  (no estimate)


by   Jeanine M. Schmidt, Karen D. Kelley, Richard I. Grauch, Byron R. Berger, John W. Cady, Gregory T. Spanski, James E. Kilburn.

Rationale for Model Choice

Mafic and ultramafic complexes in the Brooks Range are geologically permissive for the occurrence of Cyprus massive sulfide deposits as described by Singer (1986).  Altered basalts with pyrite and locally high copper values may suggest submarine hydrothermal activity.

Rationale for Tract Delineation

This tract comprises areas of known mafic and ultramafic rock complexes (i.e., the Brooks Range ophiolites) and includes dunite, layered peridotite, pyroxenite, gabbro, basalt, and minor plagiogranite. Boundaries of the permissive areas have been extended to indicate the possibility of buried ultramafic rocks where warranted by aeromagnetic data. 

Important Examples of Deposit Type

No Cyprus massive sulfide deposits are known in this tract (Schmidt and Allegro, 1980).

Rationale for Numerical Estimates

There is not enough information available for this area to make estimates of the number of undiscovered deposits.
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by:  Thomas D. Light, Byron R. Berger, Larry J. Drew, Bruce M. Gamble, Donald Grybeck, Marti L. Miller, Jeanine M. Schmidt, and Frederick H. Wilson

Rationale for Model Choice

Many mafic and ultramafic complexes in Alaska are geologically permissive for the occurrence of Cyprus massive sulfide deposits as described by Singer (1986).  

Rationale for Tract Delineation

This tract is a composite tract which comprises all areas permissive for Cyprus massive sulfide deposits throughout the state. 

Important Examples of Deposit Type

There are several small deposits in south central and southeastern Alaska that are inferred to be Cyprus massive sulfide deposits.  

Rationale for Numerical Estimates

The lack of estimates for undiscovered Cyprus massive sulfide deposits in half of the individual permissive tracts in Alaska  reflects the lack of information upon which to classify a deposit estimate, rather than a lack of deposits.  We considered that most of the known deposits outside either Cyprus or the former USSR do not exceed the mean deposit tonnage or grade shown on the distribution curve.  We considered the estimates already made for some regions and the areal distribution of permissive areas.  The number of undiscovered Cyprus massive sulfide deposits estimated for the composite permissive tracts for the state of Alaska, based on the grade and tonnage model of Singer and Mosier (1986) is:


Percentile


90
50
10
5
1


Estimated number of deposits
  1
  3
  5
10
12 
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Mean undiscovered deposits:  (no estimate)


by   Jeanine M. Schmidt, Karen D. Kelley, Richard I. Grauch, Byron R. Berger, John W. Cady, Gregory T. Spanski, James E. Kilburn.

Rationale for Model Choice

Altered basalts with pyrite and locally high copper values may suggest submarine hydrothermal activity, and the area is permissive for Cyprus massive sulfide deposits as defined by Singer (1986). 

Rationale for Tract Delineation

This tract contains all the known mafic rocks of Proterozoic(?), Paleozoic, or Mesozoic age except the Brooks Range mafic-ultramafic complexes (Murchey and Harris, 1985; Pallister and others, 1989).   

Important Examples of Deposit Type

No Cyprus-type deposits are known in the area, although the Kivivik Creek Cu prospect may be of this type (Schmidt and Allegro, 1980).

Rationale for Numerical Estimates

No estimates of the number of undiscovered deposits have been attempted.

References

Murchey, B.L., and Harris, A.G., 1985, Devonian to Jurassic sedimentary rocks in the Angayucham Mountains of Alaska:  possible sea mount or oceanic plateau deposits [abs]:  EOS, Transactions of the American Geophysical Union, v. 66, no. 46, p. 1102.

Pallister, J.S., Budahn, J.R., and Murchey, B.L., 1989, Pillow basalts of the Angayucham terrane:  oceanic plateau and island crust accreted to the Brooks Range:  Journal of Geophysical Research, v. 94, no. B11, p. 15,901-15,923.

Singer, D.A., 1986, Descriptive model of Cyprus massive sulfide, in Cox, D.P., and Singer, D.A., eds., Mineral deposit models:  U.S. Geological Survey Bulletin 1693, p. 131.

Schmidt, J.M., and Allegro, G.L., 1980, Mineral occurrences and indicators in the Baird Mountains quadrangle, Alaska:  USGS Miscellaneous Field Studies Map MF1992, 1 plate, scale 1:250,000, 19 p.

AK-EC02



Cyprus Massive Sulfide

Alaska 


East Central

 

Descriptive Model:  24a

Mark3 Index:  11

Area:




Mean undiscovered deposits:  (no estimate)


by   Jeanine M. Schmidt and Thomas D. Light

Rationale for Model Choice

Altered basalts with pyrite and locally high copper values may suggest submarine hydrothermal activity, and the area is permissive for Cyprus massive sulfide deposits as defined by Singer (1986). 

Rationale for Tract Delineation

This tract contains mafic rocks of Proterozoic(?), Paleozoic, or Mesozoic age similar to those rocks in the southern flank of the Brooks Range (Murchey and Harris, 1985; Pallister and others, 1989).   

Important Examples of Deposit Type

No Cyprus-type deposits are known in the area.

Rationale for Numerical Estimates

No estimates of the number of undiscovered deposits have been attempted.
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by   Bruce M. Gamble, Robert G. Eppinger, John W. Cady, Stanley E. Church, Byron R. Berger, Gregory T. Spanski

Rationale for Model Choice

Although no massive sulfide deposits are known in this tract, the occurrence of appropriate rock units and Cu anomalies suggest that it is geologically permissible for Cyprus and Besshi massive sulfide deposits as described by Singer (1986).  

Rationale for Tract Delineation

This tract covers the area of the Koyukuk magmatic arc, which consists of Upper Jurassic(?) and Lower Cretaceous andesitic volcanics (Patton and others, 1989; Nokleberg and others, 1994).  The tract includes areas underlain by Koyukuk rocks as inferred from aeromagnetics.  Anomalously high concentrations of elements in stream-sediment samples include As, Sb, Pb, Cu, Au, Ag, and W.  

Important Examples of Deposit Type

No Cyprus massive sulfide deposits are known in this tract.

Rationale for Numerical Estimates 

An estimate of the number of undiscovered deposits was not attempted.
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by   Bruce M. Gamble, Robert G. Eppinger, John W. Cady, Stanley E. Church, Byron R. Berger, Gregory T. Spanski

Rationale for Model Choice

The occurrence of appropriate rock units suggests that this tract may be permissive for Cyprus massive sulfide deposits as described by Singer (1986).

Rationale for Tract Delineation

This tract consists of mafic and ultramafic oceanic assemblages of the Kanuti, Tozitna, and Innoko subterranes (Patton and others, 1989; Nokleberg and others, 1994).  Also included are some phyllite and argillite of the Slate Creek thrust panel; pillow basalts, chert, gabbro, and diabase of the Narvak complex; and mafic-ultramafic rocks of the Kanuti complex. Narvak is clearly the most common assemblage in west-central Alaska.  Known mineral deposits are podiform chromite occurrences (Mt. Hurst in the Ophir quadrangle; Kaiyuh Hills in the Nulato quadrangle), and placer gold deposits and occurrences.  Stream sediment anomalies are sparse and consist of scattered Cu and Zn, and one area of As.  

Important Examples of Deposit Type

No Cyprus massive sulfide deposits are known in this tract.

Rationale for Numerical Estimates 

No estimate of the number of undiscovered deposits was attempted.
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Descriptive Model:  24a

Mark3 Index:  11

Area:  6,310 km2   


Mean undiscovered deposits:  0.44

by   Marti L. Miller, Thomas K. Bundtzen, Dennis P. Cox, John E. Gray, and Jeffrey D. Phillips.

Rationale for Model Choice

Pillow basalt or greenstone units that are associated with ophiolitic sequences may host Cyprus massive sulfide deposits (Singer, 1986).  In most parts of southwest Alaska, we lack sufficient geologic information to separate the lava units from the rest of the ophiolite, therefore ophiolite assemblages in general are considered permissive.

Rationale for Tract Delineation

This tract,  which consists of scattered ophiolite assemblages, is permissive for the occurrence of Cyprus massive sulfide deposits, although none are known in the region.  Ophiolitic rocks are concentrated in two areas of southwestern Alaska.  (1) In the north, ophiolite assemblages are in both Holy Cross and Iditarod quadrangles.  In the Holy Cross quadrangle these rocks consist of altered basalt, diabase, and scattered ultramafic rocks (Csejtey, 1992; T.K. Bundtzen,  written commun., 1992) that may correlate with ophiolitic rocks of the Angayucham or Tozitna terranes (Patton and others, 1992; 1994b).  A mafic-ultramafic complex in the northern part of the Iditarod quadrangle (Miller and Bundtzen, 1994) was not included as permissive for Cyprus massive sulfide deposits, even though it too is ophiolitic.  This complex was deleted from the permissive tract because it is mapped in enough detail that we are certain it does not contain basalt lavas (Miller, 1990).  (2) In the southwestern part of southwest Alaska, ophiolitic rocks are in the Goodnews Bay and Hagemeister Island quadrangles.  In this area, mafic-ultramafic complexes and associated pillow basalt and gabbro are interpreted to represent an ophiolite succession (Patton and others, 1994a).  Stream-sediment samples from this area are locally anomalous in Co, Cu, Cr, and Ni (Kilburn and others, 1993).

Important Examples of Deposit Type

No examples of Cyprus massive sulfide deposits are known in southwest Alaska.

Rationale for Numerical Estimates 

Although permissive rock sequences are present, the lack of known occurrences of Cyprus massive sulfide type mineralization led to a low estimate of undiscovered deposits.  The estimated minimum number of undiscovered Cyprus massive sulfide deposits, consistent with the tonnage and grade model of Singer and Mosier (1986), is:
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Mean undiscovered deposits:  3.43

by   Warren J. Nokleberg, Dennis P. Cox, Richard J. Goldfarb, and David L. Campbell.

Rationale for Model Choice

Part of the northern Prince William Sound area is permissive for early Tertiary Cyprus massive sulfide deposits as described by Singer (1986), because of favorable bedrock geologic units, several known Cyprus massive sulfide deposits, anomalous concentration of Fe, Co, Cu, Ni, and Zn in stream sediment samples, abundant sulfide minerals in heavy mineral concentrates, and favorable aeromagnetic anomalies.

Rationale for Tract Delineation

The favorable geologic units for the tract are the mafic and minor ultramafic rocks that are interpreted as dismembered parts of an oceanic ophiolite basal unit in the early Tertiary Orca Group of the Prince William terrane (Nelson and Nelson, 1993). The tract contains abundant pyrite and chalcopyrite in heavy mineral stream-sediment concentrates. The tract displays broad aeromagnetic highs that coincide with areas of basalt at the surface or areas where basalt is interpreted to occur near the surface.

The distribution of the geologic units defining the tract is adapted from Nokleberg and others (1994). The distribution of this belt of mineral deposits is adapted from MacKevett and others (1978) and Nokleberg and others (1987, 1993). Mineral resource assessments of 250,000-scale quadrangles within the tract were done by MacKevett (1976), Tysdal and Case (1982), Nelson and others (1984), Goldfarb and others (1992), and Madden-McGuire and Winkler (1993).

Important Examples of Deposit Type

The Knight Island, Twentieth Century, Pandora, Copper Bullion, Rua Cove, and Jonsy mines in the Seward quadrangle (Johnson, 1915, 1918; Moffit and Fellows, 1950), and the Threeman and Standard Copper mines in the Cordova quadrangle (Capps and Johnson, 1915) are examples of the Cyprus massive sulfides in this region (Crowe and others, 1992).  About 40 small stratiform sulfide (chalcopyrite, sphalerite, and galena) occurrences are known in the tract and are interpreted as Cyprus massive sulfide deposits.

Rationale for Numerical Estimates

The tract is locally covered by extensive ice fields, glaciers, and forests. Several mines and many small occurrences are known in the tract.  The mineral resource team estimated the minimum number of undiscovered deposits, consistent with the grade and tonnage model of Singer and Mosier (1986), to be:
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Descriptive Model:  24a

Mark3 Index:  11

Area:  2,138 km2   


Mean undiscovered deposits:  (no estimate)


by   Frederic H. Wilson, Stanley E. Church, Richard W. Saltus, Lawrence J. Drew, and W. David Menzie. 

Rationale for Model Choice

No Cyprus massive sulfide deposits been reported, but the area is considered permissive for this deposit type (Singer, 1986) because of the presence of ultramafic rocks, pillow basalt, black shale, and gray-red cherts of the Uyak Formation on Kodiak Island (Moore, 1969) in a structural setting characterized by steep faults.

Rationale for Tract Delineation

The tract is defined to include metamorphic, ultramafic, and plutonic rocks of Triassic and older ages west of the Border Ranges fault on Kodiak Island (Moore, 1967), especially the Uyak Formation (Moore, 1969).

Important Examples of Deposit Type

None are known.

Rationale for Numerical Estimates 

There is inadequate information to estimate the number of undiscovered deposits.
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by   Frederic H. Wilson, Stanley E. Church, Richard W. Saltus, Lawrence J. Drew, and W. David Menzie. 

Rationale for Model Choice

The area is geologically permissive for Cyprus massive sulfide deposits (Singer, 1986) based on the possible occurrence of ultramafic rocks.

Rationale for Tract Delineation

This tract comprises rocks of the Ghost Rocks, Sitkalidak, Sitkinak, and other Tertiary Formations on the southeast and east side of the Kodiak Islands (Moore, 1969).  These formations contain a variety of lithologies, including flysch and marine sandstone and siltstone, and possibly ultramafic rocks.  This tract is correlated with the Orca Group of Prince William Sound.

Important Examples of Deposit Type

The Old Harbor prospect (Berg and Cobb, 1967, p. 87) on Sitkalidak Island may be an example of this type of deposit in the tract.

Rationale for Numerical Estimates 

The minimum number of undiscovered Cyprus massive sulfide deposits, consistent with the tonnage and grade model of Singer and Mosier (1986) has been estimated at:
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Mean undiscovered deposits:  0.06

by   David A. Brew, Cliff D. Taylor, Robert C. Jachens, Richard D. Koch, Donald Grybeck, James L. Drinkwater, David F. Barnes, and Larry J. Drew

Rationale for deposit type selection:

Triassic greenstones, derived from pillow basalts of the Wrangellia terrane, contain local concentrations of Cu-sulfide minerals interpreted to be Cyprus massive sulfide deposits, as described by Singer (1986). Except for the part of the tract that is in the Coast Mountains, any connection with ophiolitic complexes is tenuous.

Rationale for tract delineation:

This tract was delineated mainly by the distribution of Triassic meta-pillow basalts and by favorable  geochemical patterns (Brew and others, 1991; Brew, 1993).

Important examples of deposit type:

The Northern Copper Co. deposit on Kupreanof Island is a Cyprus massive sulfide (Brew and others, 1991).

Rationale for numerical estimate:

Permissive rock types and associations, a few known deposits, and appropriate geochemical patterns were the main basis for the estimates. The team estimated the minimum number of undiscovered deposits, consistent with the grade and tonnage model of Singer and Mosier (1986), to be:
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Mean undiscovered deposits:  (no estimate)


by  Jeanine M. Schmidt, Karen D. Kelley, Richard I. Grauch, Byron R. Berger, John W. Cady, Gregory T. Spanski, James E. Kilburn.

Rationale for Model Choice

Parts of the Brooks Range are permissive for Besshi massive sulfide deposits as described by Cox (1986).  Altered basalts, containing pyrite and locally high copper values, may suggest submarine hydrothermal activity.  

Rationale for Tract Delineation

This tract contains all of the known mafic rocks of Proterozoic(?), Paleozoic, or Mesozoic age in the Brooks Range (Murchey and Harris, 1985; Pallister and others, 1989) outside of the mafic-ultramafic complexes.

Important Examples of Deposit Type

No Besshi massive sulfide deposits are known in this tract, although the Kivivik Creek prospect is possibly of this type (Schmidt and Allegro, 1988).

Rationale for Numerical Estimates

No deposits of this type are known in the area, and no estimates of the number of undiscovered deposits have been attempted.
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Mean undiscovered deposits:  (no estimate)


by   Bruce M. Gamble, Robert G. Eppinger, John W. Cady, Stanley E. Church, Byron R. Berger, Gregory T. Spanski

Rationale for Model Choice

The presence of marine metasedimentary and mafic metavolcanic lithologies indicates that this area may be permissive for Besshi massive sulfide deposits as described by Cox (1986).

Rationale for Tract Delineation

This tract includes all of the Nome Group, including high-grade equivalents, containing in part mafic metavolcanic rocks (Casadepaga Schist) and metasedimentary rocks (Solomon Schist, mixed unit) (Till and others, 1986).  Anomalously high concentrations of elements in stream-sediment and panned-concentrate samples include As, Sb, Au, Cu, Pb, Zn, Ag, Ni, Co, Ba, and Mn (Gamble and Till, 1993).  This is a speculative tract.

Important Examples of Deposit Type

No Besshi massive sulfide deposits are known in this tract.

Rationale for Numerical Estimates 

No estimate of the number of undiscovered deposits was attempted.
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Mean undiscovered deposits:  (no estimate)


by   Bruce M. Gamble, Robert G. Eppinger, John W. Cady, Stanley E. Church, Byron R. Berger, Gregory T. Spanski

Rationale for Model Choice

Although no massive sulfide deposits are known in this tract, the presence of the appropriate rock types suggest that the tract is geologically permissible for Besshi massive sulfide deposits as described by Cox (1986).  

Rationale for Tract Delineation

This tract covers the area of the Koyukuk magmatic arc, which consists of Upper Jurassic(?) and Lower Cretaceous andesitic volcanics and subordinate sedimentary rocks (Patton and others, 1989; Nokleberg and others, 1994).  The tract includes areas underlain by Koyukuk rocks as inferred from aeromagnetics.  Locally stream sediment samples contain anomalously high concentrations of As, Sb, Pb, Cu, Au, Ag, and W.  

Important Examples of Deposit Type

No Besshi massive sulfide deposits are known in this tract.

Rationale for Numerical Estimates 

No estimate of the number of undiscovered deposits was attempted because of the highly speculative nature of this model for this area.
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by  Jeanine M. Schmidt, Bruce M. Gamble, and Thomas D. Light,

Rationale for Model Choice

No massive sulfide deposits are known in this tract.  The presence of altered basalts containing pyrite and locally high copper values may suggest submarine hydrothermal activity, and suggest that the area is permissive for Besshi massive sulfide deposits as described by Cox (1986). 

Rationale for Tract Delineation

This tract encompasses mafic rocks of Proterozoic(?), Paleozoic, or Mesozoic age (Murchey and Harris, 1985; Pallister and others, 1989).

Important Examples of Deposit Type

No Besshi massive sulfide deposits are known in this tract.

Rationale for Numerical Estimates

No deposits of this type are known in the area, and no estimates of the number of undiscovered deposits have been attempted.
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by Bruce M. Gamble, Robert G. Eppinger, John W. Cady, Stanley E. Church, Byron R. Berger, and Gregory T. Spanski

Rationale for Model Choice

No massive sulfide deposits are known in this tract.  The presence of altered basalts containing pyrite, and locally high copper values may suggest submarine hydrothermal activity, and suggest that the area is permissive for Besshi massive sulfide deposits as described by Cox (1986). 

Rationale for Tract Delineation

This tract encompasses mafic rocks of Proterozoic(?), Paleozoic, or Mesozoic age (Murchey and Harris, 1985; Pallister and others, 1989).   The tract consists of mafic and ultramafic oceanic assemblages of the Kanuti, Tozitna, and Innoko terranes (Patton and others, 1989; Nokleberg and others, 1994). Also included are pillow basalts, chert, gabbro, and diabase of the Narvak complex.  Stream sediment geochemical anomalies are sparse and consist of scattered Cu, Zn, and rare As. 

In west-central Alaska, the Ruby and Nixon Fork terranes, which comprise Precambrian(?) to lower Paleozoic pelitic schist, metabasites, quartzite, orthogneiss, and marble, are permissive for Besshi  massive sulfide deposits.  Arsenic is the most common stream sediment anomaly; Zn, W, Cu, and rare Au, Ag and Bi are present locally.  

Important Examples of Deposit Type

No Besshi massive sulfide deposits are known in this tract.

Rationale for Numerical Estimates

No deposits of this type are known in the area, and no estimates of the number of undiscovered deposits have been attempted.
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by   Marti L. Miller, Thomas K. Bundtzen, Dennis P. Cox, John E. Gray, and Jeffrey D. Phillips.

Rationale for Model Choice

Several areas in southwest Alaska are considered permissive for Besshi massive sulfide deposits (Cox, 1986) because they contain outcrops of mixed sedimentary and tuffaceous rocks of marine origin (mainly volcanic sandstone and andesite tuff).  

Rationale for Tract Delineation

This tract is delineated on the basis of geology considered permissive for Besshi massive sulfide deposits. No Besshi-type deposits are known in the area, but the lack of geological and geochemical data to constrain the model leads to delineation of large permissive areas.  The permissive rock types are concentrated in two areas of southwestern Alaska.  (1) In the north, permissive mixed sedimentary and tuffaceous rocks are found in parts of the Koyukuk, Ruby, and Innoko terranes (Patton and others, 1994).  Rocks belonging to the Koyukuk terrane crop out in the Kwiguk, Marshall, Holy Cross, and Russian Mission quadrangles and include Lower Cretaceous andesitic tuffs and volcanic sandstones (Csejtey, 1992).  Mafic schists and metasedimentary rocks  of the Ruby terrane are in the north-central part of the Iditarod quadrangle (Miller and Bundtzen, 1994).  Triassic to Mississippian chert, andesitic tuff, and metasandstone of the Innoko terrane also crop out in north-central Iditarod quadrangle (Miller and Bundtzen, 1994).  (2) In the southwestern part of southwest Alaska, permissive mixed sedimentary and tuffaceous rocks are found in the Bethel, Goodnews Bay, Hagemeister Island, Dillingham, Taylor Mountains, and Sleetmute quadrangles.  This extensive area includes all of the Goodnews terrane and most of the Togiak terrane (Decker and others, 1994).  The heterogeneous Goodnews terrane locally includes tuff and graywacke (Hoare and Coonrad, 1978; Box and others, 1993).  Stream-sediment samples from the southwestern part of the Goodnews terrane are anomalous in Cu, Zn, Co, Cr, and Au (Kilburn and others, 1993).  The Hagemeister subterrane of the Togiak terrane (Decker and others, 1994) includes tuffs, tuffaceous sedimentary rocks, graywackes, and siltstone (Hoare and Coonrad, 1978; Miller and others, 1989).  Zn and Cu anomalies are found locally in the Togiak terrane (Kilburn and others, 1993).

Important Examples of Deposit Type

No examples of Besshi massive sulfide deposits are known in southwestern Alaska.

Rationale for Numerical Estimates 

No estimate of undiscovered resources was attempted.
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by   Marti L. Miller and Bruce M. Gamble

Rationale for Model Choice

Several small areas in west-central Alaska contain outcrops of mixed sedimentary and tuffaceous rocks of marine origin (mainly volcanic sandstone and andesite tuff).  These areas are similar to nearby areas of southwestern Alaska,  and are considered permissive for Besshi massive sulfide deposits as described by Cox (1986).

Rationale for Tract Delineation

This tract is delineated on the basis of geology considered permissive for Besshi massive sulfide deposits. No Besshi-type deposits are known in the area.  The permissive rock types are mixed sedimentary and tuffaceous rocks of the Koyukuk terrane in parts of the Unalakleet quadrangle (Patton and Moll-Stalcup, 1996). 

Important Examples of Deposit Type

No examples of Besshi massive sulfide deposits are known in west-central Alaska.

Rationale for Numerical Estimates 

No estimate of undiscovered resources was attempted.
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by   Warren J. Nokleberg, Dennis P. Cox, Richard J. Goldfarb, and David L. Campbell.

Rationale for Model Choice

Parts of the western Alaska Range are permissive for Triassic and Jurassic Besshi massive sulfide deposits because of geologically favorable bedrock units, a known occurrence, geochemical anomalies of Cu, Pb, Zn, As, Ag, and Co in stream sediment samples, and local aeromagnetic anomalies.

Rationale for Tract Delineation

The favorable geologic units in the tract are the marine pillow basalts that are interlayered with Triassic through Jurassic marine sedimentary rocks of the Mystic terrane. A subdued aeromagnetic birds-eye pattern might be expected over the pillow basalts, but is not seen on the aeromagnetic map of Alaska (Godson, 1994). The distribution of the geologic units defining the tract is adapted from Nokleberg and others (1994). The distribution of this belt of mineral deposits is adapted from MacKevett and others (1978) and Nokleberg and others (1987, 1993). A mineral resource assessment of the 250,000-scale Talkeetna quadrangle (Reed and others, 1979) covers part of the tract.

Important Examples of Deposit Type

The best known deposit of this type is the Shellebarger Pass occurrence in the Talkeetna quadrangle (Reed and Eberlein, 1972; Bundtzen and Gilbert, 1983).

Rationale for Numerical Estimates

The tract is locally covered by extensive ice fields and glaciers. Because only one occurrence is known, no attempt was made to estimate the number of undiscovered Besshi massive sulfide deposits in this tract.
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by   Warren J. Nokleberg

Rationale for Model Choice

Parts of the eastern Alaska Range and Wrangell Mountains are permissive for Late Triassic Besshi massive sulfide deposits (Cox, 1986), based on favorable bedrock units and the presence of known deposits.  

Rationale for Tract Delineation

The favorable geologic units for the tract are the lower, marine, (meta)basalt member of the Upper Triassic Nikolai Greenstone of the Wrangellia terrane, and the Cottonwood Bay greenstone of the Peninsular terrane.

Important Examples of Deposit Type

The Denali deposit (Seraphim, 1975) was classified as basaltic copper by Cox (1986), and alternately as a Besshi massive sulfide by Nokleberg and others (1987).  

Rationale for Numerical Estimates 

The estimated minimum number of undiscovered Besshi massive sulfide deposits, consistent with the grade and tonnage model of Singer (1986), is:



Percentile




90
50
10
5
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Estimated  number of deposits
 
  1
  2
  4
4
4
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by   Warren J. Nokleberg, Dennis P. Cox, Richard J. Goldfarb, and David L. Campbell.

Rationale for Model Choice

The northern Prince William Sound area is permissive for Late Cretaceous and early Tertiary Besshi massive sulfide deposits (Cox, 1986; Singer, 1986) because of favorable bedrock geologic units, known mines and abundant occurrences, anomalous concentrations of Fe, Co, Cu, Ni, and Zn in stream sediment samples (Goldfarb and others, 1992), abundant sulfide minerals in heavy mineral concentrates, and favorable aeromagnetic anomalies.

Rationale for Tract Delineation

Two geologic units are favorable in this tract: (1) an extensive unit of Late Cretaceous marine metabasalt and associated metamorphosed flysch along the southern margin of the Valdez Group in the southern part of the Chugach terrane; and (2) the abundant early Tertiary marine basalts and associated marine sedimentary rocks of the Orca Group in the Prince William terrane. On the aeromagnetic map of Alaska (Godson, 1994), the tract displays broad aeromagnetic highs that coincide with areas of basalt at the surface or areas where basalt is interpreted to occur near the surface.

The distribution of the geologic units defining the tract is adapted from Nokleberg and others (1994). The distribution of this belt of mineral deposits is adapted from MacKevett and others (1978) and Nokleberg and others (1987, 1993). Mineral resource assessments of 250,000-scale quadrangles within the tract were done by MacKevett (1976), Tysdal and Case (1982), Nelson and others (1984), Goldfarb and others (1992), and Madden-McGuire and Winkler (1993).

Important Examples of Deposit Type

The Midas mine in the Valdez quadrangle (Johnson, 1915; Moffit and Fellows, 1950) is an example in the Valdez Group. Examples in the Orca Group are the Blackbird, Beatson, and LaTouche mines on LaTouche Island in the Seward quadrangle (Johnson, 1915), and the Ellamar, Fidalgo-Alaska, and Schlosser mines in the Cordova quadrangle (Capps and Johnson, 1915). An estimated 200 small stratiform sulfide (chalcopyrite, sphalerite, and galena) occurrences are known in the tract and are interpreted as Besshi massive sulfide deposits (Crowe and others, 1992).

Rationale for Numerical Estimates

The tract is partly covered by extensive ice fields, glaciers, and forests, and is truncated by the southern Alaska coastline.  The tract contains several large mines (listed above) and many small occurrences, some of which are Cyprus-type deposits (AK-SC06).  Assuming a general ratio of Besshi to Cyprus massive sulfide deposits of 10:1 (Cox and Singer, 1986), about five undiscovered Besshi massive sulfide deposits are estimated to occur in this tract. The mineral resource team estimated the minimum number of undiscovered Besshi  massive sulfide deposits, consistent with the grade and tonnage model of Singer (1986), to be:
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90
50
10
  5
 1




Estimated number of deposits 

  5
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by   Frederic H. Wilson, Stanley E. Church, Richard W. Saltus, Lawrence J. Drew, and W. David Menzie. 

Rationale for Model Choice

The geology of the Kodiak Islands is permissive for Besshi massive sulfide deposits as described by Cox (1986) because the tectonic setting is that of a spreading ridge underlying terrigenous sediments at a continental slope.

Rationale for Tract Delineation

This tract comprises rocks of the Ghost Rocks, Sitkalidak, Sitkinak, and other Tertiary Formations on the southeast and east side of the Kodiak Islands.  These formations have a variety of lithologies, including flysch and marine sandstone and siltstone and possibly ultramafic rocks.  The rocks that are most favorable for this model are the Ghost Rocks Formation and nearby associated rocks, primarily of the slightly older Kodiak Formation. In south-central Alaska, Late Cretaceous metabasalt of the Valdez Group contain Besshi  massive sulfide deposits.  Metabasalts are not known in the equivalent units on Kodiak Island.

Important Examples of Deposit Type

No occurrences of Besshi-type deposits are known in the tract.  However, the Old Harbor prospect on Sitkalidak Island (Berg and Cobb, 1967, p. 87) might be an example.  For comparison, occurrences in the Orca Group (equivalent to the Ghost Rocks) include the Latouche and Beatson mines in the Seward quadrangle, the Ellamar mine in the Cordova quadrangle, and Fidalgo-Alaska mine in the Cordova quadrangle.

Rationale for Numerical Estimates 

The lack of any geochemical or geophysical data, and of any known occurrences precludes making quantitative estimates of undiscovered Besshi massive sulfide deposits for this tract.  The generally lower metamorphic grade of the rocks in this tract compared to those in south-central Alaska suggests a somewhat lower potential in this tract.
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by   David A. Brew, Cliff D. Taylor, Robert C. Jachens, Richard D. Koch, Donald Grybeck, James L. Drinkwater, David F. Barnes, and Larry J. Drew

Rationale for deposit type selection:

Slightly metamorphosed Paleozoic clastic sedimentary and minor volcanic rocks on Prince of Wales Island contain sparse thin lenses of sulfide minerals.  These units are permissive for Besshi massive sulfide deposits (Cox, 1986).

Rationale for tract delineation:

This tract is delineated by the outcrop areas of Silurian turbidite and minor volcanic rocks, and by favorable geochemical data, on Prince of Wales Island (Brew and others, 1991; Brew, 1993).

Important example of deposit type:

The McCullogh deposit may be an example of a Besshi massive sulfide (Brew and others, 1991).

Rationale for numerical estimate:

Permissive rock types and associations and appropriate geochemical patterns were the main basis for the estimates.  The team estimated the minimum number of undiscovered Besshi massive sulfide deposits, consistent with the grade and tonnage model of Singer (1986), to be:
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by   Bruce M. Gamble and Marti L. Miller

Rationale for Model Choice

This tract is underlain by Late Cretaceous subaerial volcanicrocks that are permissive for Hot Spring Au (+ Hg) epithermaldeposits similar to those described by Berger (1986).

Rationale for Tract Delineation

This tract represents the extension of the adjacent tract in west-central Alaska, and is inferred to be underlain by LateCretaceous subaerial volcanic rocks (Patton and others, 1994;Moll-Stalcup, 1994), consisting of andesites, rhyolites, and minorbasalts. 

Important Examples of Deposit Type

No epithermal vein deposits are known in the tract

Rationale for Numerical Estimates

Estimates of the number of undiscovered epithermal vein depositsfor east-central Alaska were not attempted.
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Mean undiscovered deposits:  1.17

by Marti L. Miller, Thomas K. Bundtzen, Dennis P. Cox, John E. Gray, and Jeffrey D. Phillips.

Rationale for Model Choice

This tract is underlain by Late Cretaceous and early Tertiary subaerial volcanic rocks that are permissive for Hot Spring Au (+ Hg) epithermal deposits. One prospect in the tract is thought to be an epithermal Hot Spring Au occurrence similar to those described by Berger (1986).

Rationale for Tract Delineation

This tract comprises several areas underlain by Late Cretaceous and early Tertiary subaerial volcanic rocks, predominately andesites, rhyolites, and minor basalts.  The volcanic rocks of the Yetna River area in the western Iditarod (Miller and Bundtzen, 1994) and eastern Holy Cross quadrangles locally show chalcedonic silicification and elevated Au and Hg values.  Similar subaerial volcanic rocks in the Russian Mission and Bethel quadrangles host the only identified Hot Spring Au type occurrence in the tract; this belt of permissive rocks was extended to the southwest by geophysical data.  Subaerial volcanic rocks and a caldera complex in the central Holy Cross quadrangle, and a possible caldera complex inferred from geophysical data in the Russian Mission quadrangle, are all permissive for hot-spring gold deposits.  Hg and Au anomalies in the McGrath and Lime Hills quadrangles are associated with hot springs in Tertiary subaerial volcanic rocks.  St. Matthew Island is in part underlain by calc-alkaline felsic and intermediate volcanic rocks (Patton and others, 1975), but no mineral occurrences are known on the island.

Important Examples of Deposit Type

The Firebear prospect (informal name) near the Poison Creek volcanic field in the Russian Mission quadrangle is thought to be a Hot Spring Au type deposit (Miller and Bundtzen, 1997).

Rationale for Numerical Estimates 

The median deposit size is expected to be 13 million tonnes at 1.6 g/tonne Ag (Berger and Singer, 1992).  Even though the geology in this region is known only at reconnaissance scale, the team was confident enough in the model designation, supported locally by geochemical data, to provide a numerical estimate. The estimated minimum number of undiscovered deposits expected to occur in southwestern Alaska is:



Percentile


90
50
10
5
1



Estimated number of deposits
  0
  1
  2
3
6 

References

Berger, B.R., 1986, Descriptive model of hot-spring Au-Ag, in Cox, D.P., and Singer, D.A., eds., Mineral deposit models:  U.S. Geological Survey Bulletin 1693, p. 143.

Berger, B.R., and Singer, D.A., 1992, Grade and tonnage model of hot-spring Au-Ag, in Bliss, J.D., Developments in mineral deposit modeling:  U.S. Geological Survey Bulletin 2004, p. 23-25.

Bundtzen, T.K., and Miller, M.L., 1997, Precious metals associated with Late Cretaceous-early Tertiary igneous rocks of southwestern Alaska, in Goldfarb, R.J., and Miller, L.D., eds., Mineral deposits of Alaska,  Economic Geology Monograph 9, p. 242-286.

Miller, M.L., and Bundtzen, T.K., 1994 Generalized geologic map of the Iditarod quadrangle, Alaska, showing potassium-argon, major-oxide, trace-element, fossil, paleocurrent, and archaeological sample localities:  U.S. Geological Survey Miscellaneous Field Studies Map MF-2219-A, 48 p., scale 1:250,000.

Patton, W.W., Jr., Miller, T.P., Berg, H.C., Gryc, George, Hoare, J.M., and Ovenshine, A.T., 1975, Reconnaissance geologic map of St. Matthew Island, Bering Sea, Alaska:  U.S. Geological Survey Miscellaneous Field Studies Map MF-642, scale 1:125,000.

AK-WC07


Epithermal Veins, Hot Spring Au 
Alaska 


West Central 

Descriptive Model: 25a


Mark3 Index:  45

Area:
4,402 km2

 

Mean undiscovered deposits:

by Bruce M. Gamble and Marti L. Miller

Rationale for Model Choice

This tract is underlain by Late Cretaceous subaerial volcanic rocks that are permissive for Hot Spring Au (+ Hg) epithermal deposits similar to those described by Berger (1986).

Rationale for Tract Delineation

This tract comprises several areas underlain by Late Cretaceous subaerial volcanic rocks (Patton and others, 1994; Moll-Stalcup, 1994), consisting of andesites, rhyolites, and minor basalts.  

Important Examples of Deposit Type

No epithermal vein deposits are known in the tract. 

Rationale for Numerical Estimates 

Estimates of the number of undiscovered epithermal vein deposits for west-central Alaska were not attempted.
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by Bruce M. Gamble, Robert G. Eppinger, John W. Cady, Stanley E. Church, Byron R. Berger, Gregory T. Spanski

Rationale for Model Choice

Models for epithermal vein deposits in the conterminous US have been divided into several types based largely on the underlying basement rocks (Cox and Singer, 1986).  For the most part, information in Alaska is inadequate to classify individual epithermal gold vein types.  Therefore, we have combined deposit models for Creede epithermal veins (Mosier and others, 1986b), Comstock epithermal veins (Mosier and others, 1986c), Sado epithermal veins (Mosier and others, 1986a), and epithermal quartz-alunite gold (Berger, 1986a) into a generic epithermal vein model.  We evaluated the permissive area for undiscovered deposits of all types of epithermal veins based on this generic model, which includes gold and/or silver veins associated with intermediate to felsic volcanic rocks similar to those described by Panteleyev (1987).       

Rationale for Tract Delineation

This tract encompasses the Koyukuk Magmatic arc, which consists chiefly of Upper Jurassic(?) and Lower Cretaceous island arc andesitic volcanic rocks (Patton and others, 1989, Nokleberg and others, 1994).  Two major suites of intrusions are present:  (1) a 79‑89 Ma I-type tonalite to granite, typically granodiorite group in the east; and (2) a 99‑113 Ma S-type group in the west which consists of 2 distinct subtypes: (a) potassic syenites, monzonites, etc., and (b) ultrapotassic nepheline-bearing intrusions (Patton and others, 1989). Anomalous concentrations of As, Sb, Pb, Cu, Au, Ag, and W in stream sediment samples are sometimes clearly related to plutonic rocks, but often there is no evidence of an intrusion.  Noteworthy is the “3 day slough” anomaly (Cu, Pb, Cd) in the Kateel River quadrangle, in an area of surficial cover.  

Important Examples of Deposit Type

No epithermal vein deposits are known in this tract.

Rationale for Numerical Estimates 

Insufficient data exist to estimate the expected number of undiscovered epithermal vein deposits.
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Mean undiscovered deposits:  (no estimate)


by Donald Grybeck, Thomas D. Light, William J. Keith, Dennis P. Cox, Gregory K. Lee, and Jeffrey D. Phillips.

Rationale for Model Choice

Epithermal vein deposit models in the conterminous US have been divided into several types based largely on the underlying basement rocks (Cox and Singer, 1986).  For the most part, information about Alaska is inadequate to classify individual epithermal gold vein types. Therefore, we have combined deposit models for Creede epithermal veins (Mosier and others, 1986b), Comstock epithermal veins (Mosier and others, 1986c), Sado epithermal veins (Mosier and others, 1986a), and epithermal quartz-alunite gold (Berger, 1986a) into a generic epithermal vein model.  We evaluated the permissive area for undiscovered deposits of all types of epithermal veins based on this generic model, which includes gold and/or silver veins associated with intermediate to felsic volcanic rocks similar to those described by Panteleyev (1987).

This tract is permissive for the occurrence of epithermal Au veins based on the known occurrence at the Democrat deposit in the Big Delta quadrangle.  

Rationale for Tract Delineation 

The tract is defined as the part of the Yukon-Tanana terrane containing the epithermal Au-Ag Democrat deposit, gold placers in Tenderfoot and Banner Creeks, and nearby high-level residual gold placers. Until the discovery of the Democrat deposit, epithermal gold veins were not expected in this area.  There is almost certainly potential for additional such deposits beyond the tract as defined, but it is difficult to establish the limits of this larger permissive area.  Much of the Yukon-Tanana terrane to the north, east, and west is mantled by a thick cover of loess (up to several hundred feet thick) and surficial material that makes exploration difficult and could well hide additional such deposits. The small size of the epithermal deposits further reduces their likelihood of discovery.   Probably the best regional guide  to such deposits are placer gold deposits, especially those without a clear lode source.  One such placer is at Caribou Creek, a tributary to the Salcha River about 15 miles northeast of the tract, which contains large nuggets of native bismuth.  Small placer occurrences also are sprinkled throughout Yukon-Tanana terrane  between the Yukon and Tanana Rivers which suggest that the permissive area may include most of the Yukon-Tanana Upland.   However, epithermal vein deposits need not necessarily form placers and a better guide to the extent of such deposits may be the distribution of late Cretaceous plutons, which are widely distributed in the Yukon-Tanana Upland.

Important Examples of Deposit Type

The Democrat Au-Ag deposit is  tentatively classified as an epithermal deposit.   Native gold, acanthite, and a variety of silver sulfosalts  typical of epithermal deposits are associated with a 86.9 Ma. felsic dike variously called a granite porphyry, porphyry, or rhyolite porphyry.   The deposit is associated with a relatively small alluvial placer below the deposit. In addition, there are several  high-level placers in the district, notable for their angular gold, that are associated with northwest-trending lineaments and/or extensions of the rhyolite porphyry dike at the Democrat deposit or with other similar dikes.  These are  probably residual placers (oral communication, Don May,  1993).  

There was some production from the Democrat deposit in the late 1980’s;  a test shipment was made to a mill in Fairbanks and a small open pit was developed that recovered gold with a simple washing plant.   There was also some drilling but more work is necessary to fully define the property;  its extension at depth is particularly uncertain and some have speculated that it represents the top of a porphyry gold system (Thomas Bundtzen, Alaska Division of Geological and Geophysical Surveys, oral communication, 1992). 

The placers in the area have been known since before World War I but most of the work on the Democrat lode deposit began in the mid-1970’s.  Regional exploration is greatly hindered by a thick loess cover that mantles the hillsides. 

Rationale for Numerical Estimates 

Insufficient data precludes estimation of the number of undiscovered epithermal gold veins in this tract. 
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by Frederic H. Wilson, Stanley E. Church, Richard W. Saltus, Lawrence J. Drew, and W. David Menzie. 

Rationale for Model Choice

Epithermal vein deposit models in the conterminous US have been divided into several types based largely on the underlying basement rocks (Cox and Singer, 1986).  For the most part, information about Alaska is inadequate to classify individual epithermal gold vein types. Therefore, we have combined deposit models for Creede epithermal veins (Mosier and others, 1986b), Comstock epithermal veins (Mosier and others, 1986c), Sado epithermal veins (Mosier and others, 1986a), and epithermal quartz-alunite gold (Berger, 1986) into a generic epithermal vein model.  We evaluated the permissive area for undiscovered deposits of all types of epithermal veins based on this generic model, which includes gold and/or silver veins associated with intermediate to felsic volcanic rocks similar to those described by Panteleyev (1987).

The mineral resource assessment of the Katmai 1:250,000 scale quadrangle (Church and others, 1992) was used to infer the possibility of the epithermal vein deposits in the Eocene and Oligocene volcanic rocks in this tract.

Rationale for Tract Delineation

This tract consists of Tertiary volcanic and shallow intrusive rocks (Detterman and Reed, 1980; Nelson and others, 1983) permissive for epithermal vein deposits. Isolated gold and silver stream-sediment geochemical anomalies, in addition to other metals, and placer gold in drainages west and north of Sugarloaf Mountain (see Church and Bennett, 1989, cited in Church and others, 1992) suggest that this tract is similar to other tracts of Tertiary volcanic rock on the Alaska Peninsula and is permissive for epithermal gold veins.

Important Examples of Deposit Type

None known.

Rationale for Numerical Estimates 

No estimates of the number of undiscovered deposits were made for this tract.
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by Frederic H. Wilson, Stanley E. Church, Richard W. Saltus, Lawrence J. Drew, and W. David Menzie. 

Rationale for Model Choice

Epithermal vein deposit models in the conterminous US have been divided into several types based largely on the underlying basement rocks (Cox and Singer, 1986).  For the most part, information about   Alaska is inadequate to classify individual epithermal gold vein types. Therefore, we have combined deposit models for Creede epithermal veins (Mosier and others, 1986b), Comstock epithermal veins (Mosier and others, 1986c), Sado epithermal veins (Mosier and others, 1986a), and epithermal quartz-alunite gold (Berger, 1986a) into a generic epithermal vein model.  We evaluated the permissive area for undiscovered deposits of all types of epithermal veins based on this generic model, which includes gold and/or silver veins associated with intermediate to felsic volcanic rocks similar to those described by Panteleyev (1987).

Occurrences known on the Alaska Peninsula and in the Aleutian Islands may or may not display structural control, can occur in rocks ranging from basalt to dacite or in sedimentary rocks adjacent to felsic intrusive igneous rocks, and may contain variable, although typically small, amounts of base metal sulfides.  Gold grade tends to be higher than is typical for Sado districts and individual deposits on the Alaska Peninsula tend to be the median size of districts under the Sado model.

Rationale for Tract Delineation

This tract is defined by occurrences of epithermal gold-veins in Cenozoic dacitic to basaltic volcanic rocks on the Alaska Peninsula and adjacent islands (Detterman and others, 1981, 1987; Wilson and others, 1992, in press).  Most of these occurrences are in the southern part of the tract; however, similar volcanic rocks extend the length of the tract, northward into adjacent areas of southwestern Alaska, and southward to the Aleutian Islands.  Areas adjacent to (within about 5 km) sub-volcanic felsic plutons intruding the volcanic and sedimentary rocks of the Chignik subterrane on the Alaska Peninsula (Wilson and others, 1985) are geologically and geochemically permissive for epithermal gold vein deposits.

Important Examples of Deposit Type

The Alaska-Apollo and Sitka mines and the Shumagin prospect in the Port Moller 1:250,000-scale quadrangle are examples of generic epithermal vein deposits (see Wilson and others, 1988).

Rationale for Numerical Estimates

There is no tonnage and grade model for generic epithermal vein deposits.  Additional undiscovered epithermal vein deposits that are expected to occur in this tract would probably be about the same size as the known deposits (i.e., Apollo and Shumagin); that is, as much as 500,000 tons of ore containing 3-5 million grams of gold (90,000 to 160,000 ounces of gold).  These estimates are for deposits, not districts.  

The estimated minimum number of undiscovered deposits is:
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The large tracts of volcanic rocks and suggestive geochemical anomalies combined with the small target area for these deposits led to the assessment team to conclude there is a high probability for multiple additional epithermal vein deposits within this tract.
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Epithermal Veins


 Alaska


Alaska Peninsula and Aleutian Islands

 

Descriptive Model: 25a-d

Mark3 Index:  (none)

Area:   20,011 km2  


Mean undiscovered deposits:  11.9

by Frederic H. Wilson, Stanley E. Church, Richard W. Saltus, Lawrence J. Drew, and W. David Menzie. 

Rationale for Model Choice

Epithermal vein deposit models in the conterminous US have been divided into several types based largely on the underlying basement rocks (Cox and Singer, 1986).  For the most part, information about  Alaska is inadequate to classify individual epithermal gold vein types. Therefore, we have combined deposit models for Creede epithermal veins (Mosier and others, 1986b), Comstock epithermal veins (Mosier and others, 1986c), Sado epithermal veins (Mosier and others, 1986a), and epithermal quartz-alunite gold (Berger, 1986a) into a generic epithermal vein model.  We evaluated the permissive area for undiscovered deposits of all types of epithermal veins based on this generic model, which includes gold and/or silver veins associated with intermediate to felsic volcanic rocks similar to those described by Panteleyev (1987).

Occurrences known in the Aleutian Islands may or may not display structural control, can occur in rocks ranging from basalt to dacite or in volcanically-derived sedimentary rocks adjacent to felsic intrusive igneous rocks, and may contain variable, although typically small, amounts of base metal sulfides.

Rationale for Tract Delineation

The Aleutians Islands are a poorly mapped area of volcanic and volcaniclastic rocks of Tertiary and Quaternary age intruded by plutons of Oligocene, Late Miocene, and possibly other ages.  The geologic setting is permissive for epithermal gold veins and there are several small occurrences, such as the one at Pyramid Peak on Unalaska Island.

Important Examples of Deposit Type

Pyramid Peak on Unalaska Island is an example of an epithermal vein deposit (Simpson, 1986).

Rationale for Numerical Estimates 

Additional undiscovered epithermal vein deposits are expected to occur in this tract, and would be about the same size as the deposits known on the Alaska Peninsula (i.e., Apollo and Shumagin); that is, about 500,000 tons of ore containing 3-5 million grams of gold (90,000 to 160,000 ounces of gold).  The minimum number of undiscovered deposits has been estimated as:


Percentile 


90
50
10
 5
 1


Estimated number of deposits
5
10
30
30
30

Large tracts of volcanic rocks, for which existing records sporadically describe areas of alteration, suggest that there is a high probability that several additional deposits of this type exist within the tract.  Although  limited geochemical sampling has been published, unpublished data indicate a high potential in the region for epithermal vein deposits.
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AK-SE02

 Epithermal Veins, Creede Type


Alaska


Southeast 

Descriptive Model: 25b

Mark3 Index:  58

Area:  688 km2   


Mean undiscovered deposits:  0.11

by David A. Brew, Cliff D. Taylor, Robert C. Jachens, Richard D. Koch, Donald Grybeck, James L. Drinkwater, David F. Barnes, and Larry J. Drew

Rationale for deposit type selection:

Middle Tertiary felsic and intermediate volcanic rocks occur in a possible eruptive center, and in close association with granitic rocks of about the same age. Some intensely altered areas are present. Geochemical patterns and mineral occurrences suggest Creede epithermal vein deposits.

Rationale for tract delineation:

The tract boundaries were delineated mainly by the distribution of the Tertiary volcanic rock units (Brew, 1993), and the appropriate geochemical patterns.

Important examples of deposit type:,
The Kushneahin Lake occurrence in the Petersburg quadrangle is a highly altered area of rhyolite, rhyolite tuff, and rhyolitic glass (Grybeck and others, 1984) that is believed to be a possible epithermal vein occurrence (Brew and others, 1991).

Rationale for numerical estimate:

Permissive rock types and associations and appropriate geochemical patterns were the main basis for the estimates.  The minimum number of undiscovered deposits consistent with the grade and tonnage model of Mosier and other (1986) has been estimated as:
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Descriptive Model:  28a

Mark3 Index:  93

Area:  2,423 km2   


Mean undiscovered deposits:  5.17

by   Jeanine M. Schmidt, Karen D. Kelley, Richard I. Grauch, Byron R. Berger, John W. Cady, Gregory T. Spanski, James E. Kilburn.

Rationale for Model Choice

Felsic volcanic-hosted polymetallic massive sulfide deposits (Singer, 1986) occur within the tract, and the geologic setting and host rocks are favorable for additional deposits.

Rationale for Tract Delineation

This tract is defined by the distribution of the bimodal metabasalt-metarhyolite volcanic suite of the Devonian Ambler Group and correlative mafic and felsic rocks farther east in the Brooks Range.  Geochemical data from stream sediment samples indicate a base metal-rich signature with a distinct lack of Sn.  The aeromagnetic signature is low. 

Important Examples of Deposit Type

This tract contains several kuroko-type volcanogenic massive sulfide deposits, including the Arctic deposit, with indicated reserves of 36.3 million tonnes of 4% Cu, 5.5% Zn, 0.8% Pb, 55 g/T Ag and 0.69 g/T Au (Schmidt, 1986; Swainbank and others, 1995). Other deposits include Sun, Smucker, and BT, as well as numerous other drilled prospects (Hitzman and others, 1986).  The large number of sulfide deposits known to crop out within the Ambler Group sensu stricto (an area of less than 800 square kilometers), even with limited exploration, suggests a deposit density higher than that of many better known districts, and may indicate unusual metallogenetic conditions.

Rationale for Numerical Estimates

Based on the number of prospects known from industry mapping and drilling, and on the volume of the host volcanic suite, the estimated minimum number of undiscovered kuroko massive sulfide deposits, of median grade and tonnage consistent with the tonnage and grade model of Singer and Mosier (1986), is:
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Mark3 Index:  93

Area:
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Mean undiscovered deposits:  0.14

by   Marti L. Miller, Thomas K. Bundtzen, Dennis P. Cox, John E. Gray, and Jeffrey D. Phillips.

Rationale for Model Choice

The lack of limiting geologic and geochemical data for southwestern Alaska leads to delineation of large areas permissive for kuroko massive sulfide deposits as described by Singer (1986).  The permissive areas are underlain by mixed assemblages that include basaltic to andesitic marine volcanic rocks and local felsic volcanic units.

Rationale for Tract Delineation

This tract is delineated on the basis of geology considered permissive for kuroko massive sulfide deposits; no mineral occurrences of this type are known in the region.  The permissive rock types are concentrated in three areas of southwest Alaska.  (1) In the north, marine volcanic assemblages of the Koyukuk terrane (Patton and others, 1994) crop out in the Kwiguk, Marshall, Holy Cross, and Russian Mission quadrangles.  These rocks constitute a mixed assemblage largely composed of Upper Jurassic(?) and Lower Cretaceous andesitic volcanic and volcaniclastic rocks, but which locally includes dacitic lava flows (T.K. Bundtzen, written commun., 1992).  (2) In the southwestern part of southwest Alaska, permissive marine volcanic rocks occur in the Bethel, Goodnews Bay, Hagemeister Island, and Dillingham quadrangles.  This extensive area includes nearly all of the Goodnews terrane, parts of the Togiak terrane, and all of the Kilbuck terrane (as defined by Decker and others, 1994).  Here the Goodnews terrane includes mixed pillow basalts, intermediate to mafic flows, volcaniclastic rocks, and sedimentary rocks (Hoare and Coonrad, 1978; Box and others, 1993); felsic volcanic rocks occur locally.  Stream-sediment samples from the southwestern part of the Goodnews terrane are anomalous in Cu, Zn. Co, Cr, and Au (Kilburn and others, 1993).  The Hagemeister subterrane of the Togiak terrane (Decker and others, 1994) is also included as permissive for kuroko type deposits.  These rocks consist largely of marine volcanic and volcaniclastic strata, which include mafic, andesitic, and trachytic compositions (Hoare and Coonrad, 1978).  Zn and Cu anomalies occur locally in the Togiak terrane (Kilburn and others, 1993).  The Proterozoic Kilbuck terrane (Box and others, 1990) is also included as permissive, because it locally contains metamorphosed felsic (unpublished mapping by M.L. Miller and T.K. Bundtzen, 1992) and mafic volcanic rocks (D.L. Turner and others, written commun., 1982).  (3) The third area considered permissive for kuroko type deposits lies in the Lake Clark quadrangle where there are scattered roof pendants consisting in part of metavolcanic rocks (Nelson and others, 1983).

Important Examples of Deposit Type

No examples of kuroko massive sulfide deposits are known in southwest Alaska.

Rationale for Numerical Estimates 

Felsic volcanic rocks are a criterion for  kuroko massive sulfide deposits.  The volume of felsic volcanic rocks within this tract is probably quite small; therefore, the probability of undiscovered kuroko-type deposits is correspondingly low.  The estimated minimum number of undiscovered deposits, consistent with the grade and tonnage model of Singer and Mosier (1986) is:
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Mark3 Index:  93

Area:
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Mean undiscovered deposits:

by   Marti L. Miller and Bruce M. Gamble

Rationale for Model Choice

Kuroko massive sulfide deposits as described by Singer (1986) are permissive in areas underlain by mixed assemblages that include basaltic to andesitic marine volcanic rocks and local felsic volcanic units.

Rationale for Tract Delineation

This tract is delineated on the basis of geology considered permissive for kuroko massive sulfide deposits; no mineral occurrences of this type are known in the region.  The permissive rock types are marine volcanic assemblages of the Koyukuk terrane (Patton and Moll-Stalcup, 1996).  These rocks constitute a mixed assemblage largely composed of Upper Jurassic(?) and Lower Cretaceous andesitic volcanic and volcaniclastic rocks, but which locally includes dacitic lava flows (T.K. Bundtzen, written commun., 1992).

Important Examples of Deposit Type

No examples of kuroko massive sulfide deposits are known in west-central Alaska.

Rationale for Numerical Estimates 

No attempt was made to estimate the number of undiscovered kuroko massive sulfide deposits in this tract.
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Area:  31,989 km2   



Mean undiscovered deposits:  10.20

by   Warren J. Nokleberg, Dennis P. Cox, Richard J. Goldfarb, and David L. Campbell.

Rationale for Model Choice

Parts of the central and eastern Alaska Range, and the southern Yukon-Tanana Upland, are permissive for Devonian and Mississippian kuroko massive sulfide deposits (Singer, 1986; Singer and Mosier, 1986) because of favorable bedrock geologic units, known occurrences, anomalous concentrations of Cu, Pb, Zn, As, Au, and Ag in stream sediment samples, abundant sulfide minerals in heavy mineral concentrates, and favorable aeromagnetic and gravity anomalies.

Rationale for Tract Delineation

The favorable geologic unit in this tract is the marine Devonian and Mississippian felsic and intermediate metavolcanic and metasedimentary rocks in the upper structural levels of southern Yukon-Tanana terrane north of the Denali fault. These rocks have been polymetamorphosed and deformed, resulting in recrystallization and dismemberment of the massive sulfide deposits. Numerous heavy mineral concentrate samples from the tract contain chalcopyrite, sphalerite, galena, and pyrite. The tract displays broad low-amplitude aeromagnetic anomalies on the aeromagnetic map of Alaska (Godson, 1994). Gravity highs (Barnes and others, 1994) are used to extend the tract boundaries to the west and southwest in areas that are covered by Cenozoic sedimentary rocks.

The distribution of the geologic units defining the tract is adapted from Nokleberg and others (1994). The distribution of this belt of mineral deposits is adapted from MacKevett and others (1978) and Nokleberg and others (1987, 1993). Mineral resource assessments of 250,000-scale quadrangles within the tract were done by Richter and others (1975), MacKevett (1976), Singer and others (1977), Cox and others (1989), and Nokleberg and others (1990).

Important Examples of Deposit Type

The Red Mountain, WTF, Sheep Creek, and Anderson Mountain deposits in the Healy quadrangle (Gilbert and Bundtzen, 1979), the Liberty Bell mine in the Fairbanks quadrangle (Hawley, 1976; Gilbert and Bundtzen, 1979), the Miyaoka, Hayes Glacier, and McGinnis Glacier occurrences in the western Mount Hayes quadrangle, and the Delta district deposits in the eastern Mountain Hayes quadrangle (Lange and others, 1993) are the best known examples in the area.

Rationale for Numerical Estimates

Tertiary and older rocks in the tract are locally covered by extensive ice fields, glaciers, glacial loess, and by Cenozoic basinal deposits.  Because of the relatively abundant mines, deposits, and occurrences, abundant anomalies in geochemical samples, and abundant sulfide minerals in heavy mineral concentrates, several undiscovered deposits probably occur in the tract.  We estimated the minimum number of undiscovered deposits, consistent with the grade and tonnage model of Singer and Mosier (1986), to be: 
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Mean undiscovered deposits:  1.33

by   Warren J. Nokleberg, Dennis P. Cox, David L. Campbell, and Richard J. Goldfarb.

Rationale for Model Choice

Parts of the Talkeetna Mountains and western Alaska Range are permissive for kuroko massive sulfide deposits of Jurassic age (Singer, 1992) because of favorable bedrock geologic units. Because of the Jurassic age of the host rocks, the Sierran kuroko model of Singer (1992) represents the best estimates of tonnage and grade for undiscovered deposits.

Rationale for Tract Delineation

The favorable geologic unit in the tract is the Lower Jurassic andesite and associated basalt and volcaniclastic rocks of the Talkeetna Formation in the Peninsular terrane. Generally, aeromagnetic and gravity data are insufficient to help delineate the tract. The aeromagnetic map of Alaska (Godson, 1994) locally displays broken magnetic highs that may reflect covered volcanic rocks within the Talkeetna Formation.

The distribution of the geologic units defining the tract is adapted from Nokleberg and others (1994). The distribution of this belt of mineral deposits is adapted from MacKevett and others (1978) and Nokleberg and others (1987, 1993). Mineral resource assessments of 250,000-scale quadrangles within the tract were done by Singer and others (1980), Reed and others (1979), Cox and others (1989), and Nokleberg and others (1990).

Important Examples of Deposit Type

No kuroko deposits are known within this tract, but the Johnson River prospect occurs in correlative rocks in the Kenai quadrangle (Steefel, 1987), and  is a kuroko massive sulfide deposit.  At least 11 sporadic lenses of stratiform or strata-bound sulfides, mainly pyrite, exist in the Talkeetna Formation in the northern Chugach Mountains and may be related to marine volcanism (Newberry, 1986).

Rationale for Numerical Estimates

Prospective host rocks in the tract are partly covered by extensive ice fields, glaciers, and by Cenozoic basinal deposits.  The mineral resource team estimated that the minimum number of undiscovered deposits consistent with the grade and tonnage model of Singer (1992) is:
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AK-SC16


Kuroko Massive Sulfide


Alaska 


South Central

 

Descriptive Model:  28a

Mark3 Index:  93

Area:  17,220 km2   


Mean undiscovered deposits:  0.30

by   Warren J. Nokleberg, Dennis P. Cox, Richard J. Goldfarb, and David L. Campbell.

Rationale for Model Choice

Parts of the eastern Alaska Range and Wrangell Mountains are permissive for Late Paleozoic kuroko massive sulfide deposits (Singer, 1986; Singer and Mosier, 1986) because of favorable bedrock geologic units, known occurrences, anomalous concentrations of Cu, Pb, Zn, As, Au, and Ag in stream sediment samples, and local sulfide minerals in heavy mineral concentrates.

Rationale for Tract Delineation

The geologic unit that defines this tract is the upper Paleozoic marine felsic and intermediate volcanic rocks and interlayered sedimentary rocks forming the upper part of the Skolai igneous arc in the Wrangellia terrane. In addition, stream-sediment geochemical samples yield abundant heavy mineral concentrates containing chalcopyrite, sphalerite, galena, and pyrite.  Part of the Wrangellia terrane is tectonically dismembered and local fault-bounded segments may contain undiscovered deposits.

The distribution of the geologic units defining the tract is adapted from Nokleberg and others (1994). The distribution of this belt of mineral deposits is adapted from MacKevett and others (1978) and Nokleberg and others (1987, 1993). Mineral resource assessments of 250,000-scale quadrangles within the tract were done by Richter and others (1975), MacKevett (1976), Singer and MacKevett (1977), Singer and others (1980), Cox and others (1989), and Nokleberg and others (1990).

Important Examples of Deposit Type

There are no known deposits of this type in the tract.  Kuroko massive sulfide mines exist in rocks of the same age in the Wrangellia terrane on Vancouver Island in southern British Columbia.

Rationale for Numerical Estimates

Potential host rocks in the tract are locally covered by extensive ice fields and glaciers, and by Cenozoic basinal deposits.  Because kuroko massive sulfide deposits occur elsewhere in probably correlative rocks, the mineral resource team estimated the minimum number of undiscovered deposits that are consistent with the grade and tonnage model of Singer and Mosier (1986) to be:
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AK-SE04


Kuroko Massive Sulfide


Alaska 


Southeast 

Descriptive Model:  28a

Mark3 Index:  93

Area:  4,914 km2   


Mean undiscovered deposits:  0.66

by   David A. Brew, Cliff D. Taylor, Robert C. Jachens, Richard D. Koch, Donald Grybeck, James L. Drinkwater, David F. Barnes, and Larry J. Drew

Rationale for deposit type selection:

Paleozoic and upper Proterozoic intermediate, felsic, and mafic volcanic rocks occur in heterogeneous units on Prince of Wales Island. Local altered areas are present. Geochemical patterns and mineral occurrences suggest kuroko massive sulfide deposits as described by Singer (1986).

Rationale for tract delineation:

This multi-part tract is delineated mainly by the distribution of volcanic and metavolcanic units, the distribution of known deposits and occurrences, and the distribution of favorable geochemical patterns (Brew and others, 1991; Brew, 1993).

Important examples of deposit type:

Big Harbor and Niblack on Prince of Wales Island are examples of kuroko massive sulfide deposits in this tract (Berg, 1984; Brew and others, 1991).

Rationale for numerical estimate:

Permissive rock types and associations, appropriate geochemical patterns, and the occurrence of known deposits were the main basis for the estimates.  The mineral resource team estimated the minimum number of undiscovered deposits, consistent with the grade and tonnage model of Singer and Mosier (1986), to be:
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Sierran Kuroko Massive Sulfide
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Descriptive Model:  28a

Mark3 Index:  44

Area:   797 km2   


Mean undiscovered deposits:  3.5

by   David A. Brew, Cliff D. Taylor, Robert C. Jachens, Richard D. Koch, Donald Grybeck, James L. Drinkwater, David F. Barnes, and Larry J. Drew

Rationale for deposit type selection:

Upper Triassic and inferred Upper Triassic intermediate, felsic, and some mafic volcanic rocks occur in heterogeneous and locally metamorphosed units. Local altered areas are present. Geochemical patterns and mineral occurrences suggest Sierran kuroko massive sulfide deposits (Singer, 1992).

Rationale for tract delineation:

This three-part tract is delineated mainly by the distribution of volcanic and metavolcanic units, and the distribution of known deposits and occurrences (Brew and others, 1991; Brew, 1993).

Important examples of deposit type:

Mount Henry Clay(?), Orange Point in Glacier Bay National Park, Greens Creek, Sumdum Glacier in Tracy Arm-Fords Terror Wilderness Area, and Castle Island(?) are all known or inferred to be Sierran kuroko massive sulfide deposits.

Rationale for numerical estimate:

Permissive rock types and associations, appropriate geochemical patterns, and the occurrence of known deposits were the main basis for the estimates.  The mineral resource team estimated the minimum number of undiscovered deposits, consistent with the grade and tonnage model of Singer (1992), to be:
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South West

 

Descriptive Model:  28a

Mark3 Index:  93

Area:   1,433 km2   


Mean undiscovered deposits:  (no estimate)

by Marti L. Miller, and Warren J. Nokleberg

Rationale for Model Choice

Volcanic rocks of the Talkeetna Mountain Formation in southwestern Alaska are permissive for kuroko massive sulfide deposits as described by Singer (1986).   

Rationale for Tract Delineation

This tract is composed of Lower Jurassic andesite to basaltic volcanic and volcaniclastic rocks of the Talkeetna Formation (Detterman and Reed, 1980).  It is an extension of the adjacent tract defined in south-central Alaska.  
Important Examples of Deposit Type

No kuroko deposits are known within this tract, but the Johnson River kuroko massive sulfide prospect (Steefel, 1987) occurs in the extension of this tract into the Kenai quadrangle of south-central Alaska. 

Rationale for Numerical Estimates

No attempt was made to estimate the number of undiscovered kuroko massive sulfide deposits in this tract.  However, because of the Jurassic age of the volcanic rocks, if an estimate were to be made, then the Sierran Kuroko model of Singer (1992) would be the most appropriate tonnage and grade model to use.
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Descriptive Model:  30a 

Mark3 Index:  76 

Area:  59,440 km2   


Mean undiscovered deposits:  (no estimate)

by  Jeanine M. Schmidt, Karen D. Kelley, Richard I. Grauch, Byron R. Berger, John W. Cady, Gregory T. Spanski, James E. Kilburn.

Rationale for Model Choice

The geologic setting, extensive sandstone and siltstone host rocks, and elevated Pb geochemistry indicate that this tract is permissive for sandstone-hosted Pb-Zn deposits (Briskey, 1986).  Several small occurrences, such as Ginnie Creek (Mayfield and others, 1979), Ipnavik River, and Otuk Creek may be of this type. 

Rationale for Tract Delineation

This tract includes all known exposures of sedimentary rocks of the Upper Devonian to Mississippian(?) Endicott Group.  These rocks include the nonmarine Kekituk and Kanayut Conglomerates, the marine Noatak Sandstone and the Kayak and Hunt Fork Shales.  These units generally produce a broad distinct aeromagnetic low, and contain scattered geochemical anomalies of Zn and Pb. 

Important Examples of Deposit Type

No sandstone-hosted Pb-Zn deposits are known in this tract, but it includes several occurrences of disseminated sphalerite and galena in sandstones (Mayfield and others, 1979), and numerous vein-breccia Zn-Pb-Ag sulfide deposits (Schmidt and Werdon, 1993). Sphalerite and galena also occur infilling diagenetic concretions within the Kayak shale.

Rationale for Numerical Estimates

No attempt was made to estimate the number of undiscovered deposits.  
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Descriptive Model:  30b 

Mark3 Index:  63 

Area:  175,722 km2   


Mean undiscovered deposits:  (no estimate)

by  Jeanine M. Schmidt, Karen D. Kelley, Richard I. Grauch, Byron R. Berger, John W. Cady, Gregory T. Spanski, James E. Kilburn.

Rationale for Model Choice

There are numerous small chalcopyrite occurrences in this tract, often in quartz veinlets, and often associated with the Hunt Fork Shale or Noatak sandstone parts of the clastic Endicott Group (Schmidt and Allegro, 1980).  The host rocks and geologic setting of this tract are permissive for Kupferschiefer type shale-hosted copper deposits (Cox, 1986) as well as for red-bed type sandstone-hosted deposits. 

Rationale for Tract Delineation

This tract includes all outcrop areas of Proterozoic(?), Paleozoic, and Mesozoic sedimentary and metasedimentary rocks that are prospective for sedimentary or diagenetic Cu deposits.  The lithologies included are shale, black shale, sandstone, siltstone, off-platform carbonate rocks, pelitic, quartzitic and carbonaceous schists, and marbles.  No specific geochemical information was used to define this tract. 

Important Examples of Deposit Type

No sediment-hosted Cu deposits are known in this tract, but numerous small Cu occurrences hosted in sedimentary rocks are known.

Rationale for Numerical Estimates

No estimate of the number of undiscovered deposits was attempted.
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Descriptive Model:  31a

Mark3 Index:  13

Area:  49,825 km2   


Mean undiscovered deposits:  (no estimate)

by  Jeanine M. Schmidt, Karen D. Kelley, Richard I. Grauch, Byron R. Berger, John W. Cady, Gregory T. Spanski, James E. Kilburn

Rationale for Model Choice

The geologic setting and host rocks are permissive for sediment-hosted Zn-Pb-Ag deposits (Briskey, 1986), but no occurrences are known.
Rationale for Tract Delineation

This tract is defined by carbonate rocks of the Mississippian to Pennsylvanian Lisburne Group.  These are mainly light-colored platform carbonates, but include some slope and deeper-water carbonate lithologies, and are permissive for  Zn-Pb mineralization similar to the “Irish” type orebodies of Novan and Silvermines (Hitzman and Lange, 1986).

Important Examples of Deposit Type

No sediment-hosted deposits are known in this tract, although time-equivalent deeper-water rocks to the west host the Red Dog and Lik deposits (Schmidt, 1997).

Rationale for Numerical Estimates

Because of the lack of geologic information and mineral deposit data, no attempt was made to estimate the number of undiscovered deposits that may exist.
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Mean undiscovered deposits:

by  Jeanine M. Schmidt, Byron R. Berger, Thomas D. Light, Larry J. Drew, Bruce M. Gamble, Donald Grybeck, Marti L. Miller , and Frederick H. Wilson

Rationale for Model Choice

Major deposits of shale-hosted Zn-Pb-Ag +/-Ba deposits (Briskey, 1986) occur in Alaska.  The geologic setting, deep-water marine sedimentary host rocks and drainage geochemistry are permissive for additional deposits.

Rationale for Tract Delineation

This composite tract comprises all of the individual tracts permissive for sedex deposits in Alaska.  Those tracts having estimates of the number of undiscovered deposits were used as guidelines to the potential for undiscovered deposits throughout the state.

Important Examples of Deposit Type

Known mineral occurrences of this type include the Red Dog mine (Lange and others, 1985; Moore and others, 1986; Schmidt and Zierenberg, 1988; Zierenberg and Schmidt, 1988) and the Lik (Forrest, 1983; Forrest and others, 1983; Forrest and Sawkins, 1987), Drenchwater (Nokleberg and Winkler, 1982), and Suds prospects (Schmidt, 1997). 

Rationale for Numerical Estimates

Based on the wide extent of appropriate host rocks, several known and drilled prospects, and widespread geochemical anomalies, the number of undiscovered deposits, consistent with the median grade and tonnage for the model (Menzie and Mosier, 1986), estimated for Alaska is:
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Sedimentary-Exhalative Zn‑Pb 

Alaska 


Brooks Range

 

Descriptive Model:  31a

Mark3 Index:  13

Area:  29,735 km2   


Mean undiscovered deposits:  4.94
by  Jeanine M. Schmidt, Karen D. Kelley, Richard I. Grauch, Byron R. Berger, John W. Cady, Gregory T. Spanski, James E. Kilburn

Rationale for Model Choice

Shale-hosted Zn-Pb-Ag +/-Ba deposits (Briskey, 1986) occur in this tract.  The geologic setting, deep-water marine sedimentary host rocks and drainage geochemistry are permissive for additional deposits.

Rationale for Tract Delineation

This tract is defined by dark, fine-grained sedimentary rocks that may host base-metal and barite mineral deposits.  The most favorable units included here are Mississippian to Pennsylvanian black shale, black mudstone, black chert and some dark limestones of the Kuna Formation, Akmalik Chert, and Kayak Shale, and time-equivalent unnamed units.  However, this tract also includes permissive dark fine-grained lithologies of the Cretaceous Torok Shale, and the Triassic Shublik and Otuk Formations.  Tract boundaries are delineated by the outcrop areas of these strata, and by anomalously high concentrations of base metals in stream sediment samples. 

Important Examples of Deposit Type

Known mineral occurrences of this type include the Red Dog mine (Lange and others, 1985; Moore and others, 1986; Schmidt and Zierenberg, 1988; Zierenberg and Schmidt, 1988) and the Lik (Forrest, 1983; Forrest and others, 1983; Forrest and Sawkins, 1987), Drenchwater (Nokleberg and Winkler, 1982), and Suds prospects (Schmidt, 1997). 

Rationale for Numerical Estimates

Based on the wide extent of appropriate host rocks, several known and drilled prospects, and widespread geochemical anomalies, the number of undiscovered deposits, consistent with the median grade and tonnage for the model (Menzie and Mosier, 1986), estimated for this tract is:


Percentile


90
50
10
 5
 1


Estimated number of deposits
 2
 5
 7
10
15
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Sedimentary-Exhalative Zn‑Pb 

Alaska 


West Central

 

Descriptive Model:  31a

Mark3 Index:  13

Area:  37,861 km2   


Mean undiscovered deposits:  (no estimate)

by  Bruce M. Gamble, Robert G. Eppinger, John W. Cady, Stanley E. Church, Byron R. Berger, Gregory T. Spanski

Rationale for Model Choice

Several mineral occurrences on the Seward Peninsula consist, at least in part, of stratiform stringers of galena and (or) sphalerite in metasedimentary rocks, chiefly carbonates and argillites.  These occur in the mixed unit of the Nome Group, and have alternatively been interpreted as vein, polymetallic replacement,  sedimentary exhalative Zn-Pb, and kuroko volcanogenic deposits.  Therefore, the area is considered permissive for syngenetic base metal mineralization including sedimentary exhalative Zn-Pb deposits.

Rationale for Tract Delineation

This tract includes all of the Nome Group, including high-grade rocks, and is essentially equivalent to the Seward terrane (Till and others, 1986).  Anomalously high concentrations of elements in stream-sediment and panned-concentrate samples include As, Sb, Au, Cu, Pb, Zn, Ag, Ni, Co, Ba, and Mn.  The stratiform galena and(or) sphalerite stringers are within this tract.

Important Examples of Deposit Type

A metamorphosed sulfide deposit at Hannum Creek has been interpreted as a sedimentary exhalative Zn-Pb deposit (Nokleberg and others, 1987), or alternatively as a vein deposit (Herreid, 1966).  Other examples of possible sedex deposits include Galena, Aurora Creek, and Quarry in the Nome quadrangle (Mulligan and others, 1965).

Rationale for Numerical Estimates 

No estimate of the number of undiscovered deposits was attempted because of uncertainty of deposit type.
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East Central

 

Descriptive Model:  31a

Mark3 Index:  13

Area:  23,298 km2   


Mean undiscovered deposits: (no estimate)

by  Jeanine M. Schmidt and Thomas D. Light

Rationale for Model Choice

This tract contains dark, fine-grained, restricted or deep water marine sedimentary rocks similar to Paleozoic rocks that host several large sediment-hosted Zn-Pb (Briskey, 1986) and barite deposits in the adjacent Yukon Territory of Canada (Schmidt, 1997).

Rationale for Tract Delineation

The tract delineates the occurrence of dark-gray to black Paleozoic marine shales and some metamorphic rocks (graphitic schists etc.) inferred to be the equivalent of fine-grained marine sedimentary rocks (Dover, 1994).  Many metasedimentary rocks of the Yukon-Tanana upland are Paleozoic, inferred to have been deposited on continental crust (Dover, 1994), and contain phyllites and argillites that could contain shale-hosted massive sulfide deposits.

Important Examples of Deposit Type 

Prospects include Derwent Creek, Hard Luck Creek, Lead Creek, and Grayling (Doyon Ltd., 1986).

Rationale for Numerical Estimates

Due to the lack of detailed geologic information and mineral deposit data, no attempt was made to estimate the number of undiscovered sedex deposits.
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Descriptive Model:  31a


Mark3 Index:  13

Area:
4,721 km2



Mean undiscovered deposits: (no estimate)
by Jeanine M. Schmidt, Marti L. Miller, and Bruce M. Gamble

Rationale for Model Choice

Deposition in a deep-water environment suggests the possibility of sedex deposits as described by Briskey (1986).  Bedded barite deposits may form distal to sedex occurrences.  The presence of a bedded barite deposit in possibly correlative rocks in the continuation of this tract to the southwest supports the selection of this model type.

Rationale for Tract Delineation

This tract encompasses parts of the Nixon Fork and Minchumina terranes (Patton and others, 1994), both of which locally contain deep-water facies. The region is poorly known; reconnaissance geochemical data are not available.

Important Examples of Deposit Type

No examples of sedex deposits are known in this tract, but the Gagaryah barite deposit (Bundtzen and Gilbert, 1991), in similar rocks in the Lime Hills quadrangle of southwestern Alaska, may be related to sedex mineralization.  

Rationale for Numerical Estimates 

No attempt was made to estimate the number of undiscovered Sedex Zn-Pb deposits in this tract.
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Descriptive Model:  31a


Mark3 Index:  13

Area:
4,874 km2



Mean undiscovered deposits: (no estimate)
by Jeanine M. Schmidt, Marti L. Miller, and Bruce M. Gamble

Rationale for Model Choice

Deposition in a deep-water environment suggests the possibility of sedex deposits as described by Briskey (1986).  Bedded barite deposits may form distal to sedex occurrences.  The presence of a bedded barite deposit in possibly correlative rocks in the continuation of this tract to the southwest supports the selection of this model type.

Rationale for Tract Delineation

This tract encompasses parts of the Nixon Fork and Minchumina terranes (Patton and others, 1994), both of which locally contain deep-water facies. The region is poorly known; reconnaissance geochemical data are not available.

Important Examples of Deposit Type

No examples of sedex deposits are known in this tract, but the Gagaryah barite deposit (Bundtzen and Gilbert, 1991), in similar rocks in the Lime Hills quadrangle of southwestern Alaska, may be related to sedex mineralization.  

Rationale for Numerical Estimates 

No attempt was made to estimate the number of undiscovered Sedex Zn-Pb deposits in this tract.
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Mark3 Index:  13

Area:
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Mean undiscovered deposits:  1.14
by  Marti L. Miller, Thomas K. Bundtzen, Dennis P. Cox, John E. Gray, and Jeffrey D. Phillips.

Rationale for Model Choice

The presence of siltstone, shale, chert, and carbonate rocks that were deposited in a deep-water environment suggests the possibility of sedex deposits as described by Briskey (1986).  Selection of this model type is supported by one bedded barite deposit, a model type considered to form distal to sedex occurrences.

Rationale for Tract Delineation

This tract encompasses the deep-water facies rocks of the Farewell terrane (as defined by Decker and others, 1994), which are found in the McGrath, Lime Hills, and Sleetmute quadrangles.  The Farewell terrane comprises two sequences:  the Middle Cambrian through Middle Devonian White Mountain sequence and the overlying Upper Devonian through Lower Cretaceous Mystic sequence.  Deep-water facies consisting of siltstone, shale, chert, and carbonate rocks are contained in parts of both sequences.  The region is poorly known; reconnaissance geochemical data are not available.

Important Examples of Deposit Type

No examples of sedex deposits are known in the tract, but the Gagaryah barite deposit in the Lime Hills quadrangle (Bundtzen and Gilbert, 1991) may be related to sedex mineralization.  

Rationale for Numerical Estimates 

For estimating the number of undiscovered deposits, the median deposit is assumed to be 15 mt containing 5.6% Zn, 2.8% Pb, and 30 g/t Ag (Menzie and Mosier, 1986).    The estimated number of undiscovered deposits is:



Percentile


90
50
10
5
1
 



Estimated number of deposits
  0
  1
  2
3
5 
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Mean undiscovered deposits:  (no estimate)
by Marti L. Miller, Bruce M. Gamble, and Jeanine M. Schmidt 

Rationale for Model Choice

The presence of siltstone, shale, chert, and carbonate rocks that were deposited in a deep-water environment suggests the possibility of sedex deposits as described by Briskey (1986).  Bedded barite deposits may form distal to sedex occurrences.  The presence of a bedded barite deposit in possibly correlative rocks in the continuation of this tract to the south supports the selection of this model type.

Rationale for Tract Delineation

This tract includes parts of the Nixon Fork and Minchumina terranes (Patton and others, 1994), both of which locally contain deep-water facies consisting of siltstone, shale, chert, and carbonate rocks.

Important Examples of Deposit Type

No examples of sedex deposits are known in this tract, but the Gagaryah barite deposit (Bundtzen and Gilbert, 1991), in similar rocks in the Lime Hills quadrangle of southwestern Alaska, may be related to sedex mineralization.  

Rationale for Numerical Estimates 

No attempt was made to estimate the number of undiscovered Sedex Zn-Pb deposits in this tract.
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Descriptive Model:  31a

Mark3 Index:  13

Area:  9,064 km2   


Mean undiscovered deposits:  (no estimate)

by  Warren J. Nokleberg, Dennis P. Cox, Richard J. Goldfarb, David L. Campbell.

Rationale for Model Choice

This tract, in the Bering Glacier region of coastal south-central Alaska, is permissive for sedimentary exhalative (SEDEX) Zn-Pb deposits of Cenozoic age because it has anomalous concentrations of Ba, Zn, Cu, Mo, and Pb in stream sediment samples (Pickthorn and others, 1985), barite occurs locally in heavy-mineral concentrates, and dark marine shale locally is interlayered with basalt of the Yakutat terrane. However, this type of deposit typically is in Carboniferous and older rocks (Briskey, 1986).

Rationale for Tract Delineation

The favorable geologic unit in the tract is the Cenozoic marine dark shales and interlayered basalts of the Yakutat terrane. Barite and sphalerite occur in stream-sediment samples.

The distribution of the geologic units defining the tract is adapted from Nokleberg and others (1994). The distribution of this belt of mineral deposits is adapted from MacKevett and others (1978) and Nokleberg and others (1987, 1993). Mineral resource assessments of 250,000-scale quadrangles within the tract were done by MacKevett (1976), Singer and others (1977, 1980), Tysdal and Case (1982), Goldfarb and others (1992), and Madden-McGuire and Winkler (1993).

Important Examples of Deposit Type

The geologic setting is permissive for Sedex Zn-Pb deposits but no deposits of this type are known in the tract.

Rationale for Numerical Estimates

The tract is locally covered by extensive ice fields and glaciers, and is partly bounded by the southern Alaska coast. Because no deposits or occurrences are known, and because most SEDEX deposits are Carboniferous or older, no attempt was made to estimate the number of undiscovered deposits.
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Descriptive Model:  32a and 32b
 Mark3 Index:  42

Area:   49,825 km2   


Mean undiscovered deposits:  (no estimate)


by  Jeanine M. Schmidt, Karen D. Kelley, Richard I. Grauch, Byron R. Berger, John W. Cady, Gregory T. Spanski, James E. Kilburn

Rationale for Model Choice

Two Mississippi Valley type (MVT) deposits are described in Cox and Singer (1986).  The differences between Southeast Missouri Pb-Zn (model 32a; Briskey 1986b) and Appalachian Zn (model 32b; Briskey, 1986a) are subtle enough that the grade and tonnage models for the two deposit types are plotted together with no differentiation between types (Mosier and Briskey, 1986).  In Alaska, the lack of detailed geologic information prevents distinguishing between the two deposit types, and a generic Mississippi Valley type model has been used. 

The geologic setting and host rocks, together with several known fluorite occurrences,  suggest that this tract is permissive for Mississippi Valley type deposits,

Rationale for Tract Delineation

This tract is defined by the carbonate rocks of the Mississippian to Pennsylvanian Lisburne Group.  These are mainly platform carbonates, with some slope and deeper-water lithologies. 

Important Examples of Deposit Type

Several occurrences of fluorite within the Lisburne Group carbonates in the eastern Brooks Range (Porcupine River etc.) are unexplained but could indicate fluid movement associated with Mississippi Valley type mineralization.

Rationale for Numerical Estimates

Although grade and tonnage curves are available for Mississippi Valley type deposits, geologic knowledge about this tract inadequate to attempt an estimate of the number of undiscovered deposits.  No basinal sources of fluids have been identified because of the difficulty of reconstructing the pre-Jurassic folding- and thrusting paleogeography, and the timing of any possible Mississippi Valley type mineralizing episodes is totally unconstrained.
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Descriptive Model:  32a and 32b
 Mark3 Index:  42

Area:   131,294 km2   


Mean undiscovered deposits:  

by:  Thomas D. Light, Jeanine M. Schmidt, Byron R. Berger, Larry J. Drew, Bruce M. Gamble, Donald Grybeck, Marti L. Miller, and Frederick H. Wilson

Rationale for Model Choice

Two Mississippi Valley type (MVT) deposits are described in Cox and Singer (1986).  The differences between Southeast Missouri Pb-Zn (model 32a; Briskey 1986b) and Appalachian Zn (model 32b; Briskey, 1986a) are subtle enough that the grade and tonnage models for the two deposit types are plotted together with no differentiation between types (Mosier and Briskey, 1986).  In Alaska, the lack of detailed geologic information prevents distinguishing between the two deposit types, and a generic Mississippi Valley type model has been used. 

Rationale for Tract Delineation

This tract comprises the combined areas of all the tracts throughout the state that are permissive for Mississippi Valley type deposits, and is defined predominately by the distribution of carbonate rocks.  These are mainly platform carbonates, but also include slope and deeper-water lithologies. 

Important Examples of Deposit Type

The Reef Ridge deposit in the Medfra quadrangle of west-central Alaska is an example of a Mississippi Valley type deposit (Andrews and Rishel, 1982).  The Powdermilk deposit in the Brooks Range (Schmidt and Folger, 1986) and the Step deposit in East Central (Schmidt, 1997) may also be Mississippi Valley type deposits. 

Rationale for Numerical Estimates

No basinal sources of fluids have been identified because of the difficulty of reconstructing the pre-Jurassic folding and thrusting paleogeography, and the timing of any possible Mississippi Valley type mineralizing episodes is totally unconstrained.  In addition, the geology of most of the individual tracts is poorly known.  Therefore, we have attempted to look at the state as a whole to project what little knowledge is available over a larger area.  The estimated minimum number of undiscovered Mississippi Valley Type deposits in Alaska, based on the grade and tonnage model of Mosier and Briskey (1986) is:
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AK-BR09


Mississippi Valley Type Pb-Zn

Alaska 


Brooks Range

 

Descriptive Model:  32a and 32b
 Mark3 Index:  42

Area:   32,935 km2   


Mean undiscovered deposits:  (no estimate)


by  Jeanine M. Schmidt, Karen D. Kelley, Richard I. Grauch, Byron R. Berger, John W. Cady, Gregory T. Spanski, James E. Kilburn.

Rationale for Model Choice

Two Mississippi Valley type (MVT) deposits are described in Cox and Singer (1986).  The differences between Southeast Missouri Pb-Zn (model 32a; Briskey 1986b) and Appalachian Zn (model 32b; Briskey, 1986a) are subtle enough that the grade and tonnage models for the two deposit types are plotted together with no differentiation between types (Mosier and Briskey, 1986).  In Alaska, the lack of detailed geologic information prevents distinguishing between the two deposit types, and a generic Mississippi Valley type model has been used. 

The geologic setting and host rocks in this tract are permissive for Mississippi Valley type deposits,  and the Powdermilk Zn-Pb occurrence may be of this type.

Rationale for Tract Delineation

This tract outlines all pre-Mississippian carbonate rocks in the Brooks Range, including very shallow water, platform, slope and deeper water facies of late Proterozoic(?) through Devonian age.  These units include the Katakturuk Dolostone, Nanook Limestone, Baird Group carbonates, Eli, Lougurourok, and Skajit Limestones, their metamorphosed equivalents, and various marbles of uncertain age and affinity. 

Important Examples of Deposit Type

Classification of the Powdermilk Zn-Pb-Ag deposit in carbonate rocks as an MVT is uncertain (Schmidt and Folger, 1986).

Rationale for Numerical Estimates

Geologic knowledge of this area is inadequate to attempt an estimate of the number of undiscovered deposits.
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AK-EC11

Mississippi Valley Type Pb-Zn


Alaska 


East Central

 

Descriptive Model:  32a and 32b
 Mark3 Index:  42

Area:   23,298 km2   


Mean undiscovered deposits:  (no estimate)


by  Thomas D. Light and Jeanine M. Schmidt

Rationale for Model Choice

Two Mississippi Valley type (MVT) deposits are described in Cox and Singer (1986).  The differences between Southeast Missouri Pb-Zn (model 32a; Briskey 1986b) and Appalachian Zn (model 32b; Briskey, 1986a) are subtle enough that the grade and tonnage models for the two deposit types are plotted together with no differentiation between types (Mosier and Briskey, 1986).  In Alaska, the lack of detailed geologic information prevents distinguishing between the two deposit types, and a generic Mississippi Valley type model has been used. 

The carbonate units of east-central Alaska are permissive for Mississippi Valley type deposits, based on the geologic setting, appropriate host rocks, and known deposits that may fit the model.  

Rationale for Tract Delineation

This tract is defined by Paleozoic platform carbonate rocks.  Where the environment of deposition is not known or indeterminate, thick carbonate rocks of possible shelf, slope, or deeper-water-facies are included.  Paleozoic metamorphic rocks that contain minor marble units of unknown origin, such as biotite gneiss and amphibolite (PzpCb of Foster, 1976), have not been included in this tract.  In the Eagle and Charley River quadrangles geologically favorable units include the limestones of the Tindir Group, the Funnel Creek Limestone, the Hillard Limestone, and the Calico Bluff Formation. The western portion of this tract includes the Paleozoic limestones of the Quail, Amy Creek, Schwatka, and minor other units.

Important Examples of Deposit Type

Step Mountain may be an example of a Mississippi Valley type deposit in this tract (Schmidt, 1997).

Rationale for Numerical Estimates

Geological information is inadequate to estimate the number of undiscovered Mississippi Valley type deposits in this tract.
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AK-EC12

Mississippi Valley Type Pb-Zn


Alaska

 
East Central

 

Descriptive Model:  32a and 32b
 
Mark3 Index:  42

Area:
5,974 km2



Mean undiscovered deposits:  (no estimate)


by Jeanine M. Schmidt, Thomas D. Light, and Bruce M. Gamble

Rationale for Model Choice

Two Mississippi Valley type (MVT) deposits are described in Cox and Singer (1986).  The differences between Southeast Missouri Pb-Zn (model 32a; Briskey 1986b) and Appalachian Zn (model 32b; Briskey, 1986a) are subtle enough that the grade and tonnage models for the two deposit types are plotted together with no differentiation between types (Mosier and Briskey, 1986).  In Alaska, the lack of detailed geologic information prevents distinguishing between the two deposit types, and a generic Mississippi Valley type model has been used. 

This tract is permissive for Mississippi Valley type deposits because it locally contains platform carbonate rocks, which in west-central Alaska, host deposits thought to be Mississippi Valley type. 

Rationale for Tract Delineation

This tract includes the Nixon Fork and Minchumina terranes, both of which locally contain lower Paleozoic platform carbonate rocks (Patton and others, 1994), in the Kantishna River quadrangle. 

Important Examples of Deposit Type

The Reef Ridge deposit in the Medfra quadrangle of west-central Alaska is an example of a Mississippi Valley type deposit (Andrews and Rishel, 1982). 

Rationale for Numerical Estimates 

No estimate of the number of undiscovered deposits was attempted.
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AK-SC17

Mississippi Valley Type Pb-Zn


Alaska


South Central

 

Descriptive Model:  32a and 32b
 
Mark3 Index:  42

Area:
4,445 km2



Mean undiscovered deposits:  (no estimate)


by Jeanine M. Schmidt, Thomas D. Light, and Bruce M. Gamble

Rationale for Model Choice

Two Mississippi Valley type (MVT) deposits are described in Cox and Singer (1986).  The differences between Southeast Missouri Pb-Zn (model 32a; Briskey 1986b) and Appalachian Zn (model 32b; Briskey, 1986a) are subtle enough that the grade and tonnage models for the two deposit types are plotted together with no differentiation between types (Mosier and Briskey, 1986).  In Alaska, the lack of detailed geologic information prevents distinguishing between the two deposit types, and a generic Mississippi Valley type model has been used. 

This tract is permissive for Mississippi Valley type deposits because it locally contains platform carbonate rocks, which in west-central Alaska, host deposits thought to be Mississippi Valley type. 

Rationale for Tract Delineation

This tract includes the Nixon Fork and Minchumina terranes, both of which locally contain lower Paleozoic platform carbonate rocks (Patton and others, 1994), in the Mt. McKinley quadrangle. 

Important Examples of Deposit Type

The Reef Ridge deposit in the Medfra quadrangle of west-central Alaska is an example of a Mississippi Valley type deposit (Andrews and Rishel, 1982).  

Rationale for Numerical Estimates 

No estimate of the number of undiscovered deposits was attempted.
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AK-WC13

Mississippi Valley Type Pb-Zn


Alaska 


West Central

 

Descriptive Model:  32a and 32b
 
Mark3 Index:  42

Area:
7,891 km2



Mean undiscovered deposits:  (no estimate)


by Jeanine M. Schmidt, Thomas D. Light, Bruce M. Gamble, and Marti L. Miller

Rationale for Model Choice

Two Mississippi Valley type (MVT) deposits are described in Cox and Singer (1986).  The differences between Southeast Missouri Pb-Zn (model 32a; Briskey 1986b) and Appalachian Zn (model 32b; Briskey, 1986a) are subtle enough that the grade and tonnage models for the two deposit types are plotted together with no differentiation between types (Mosier and Briskey, 1986).  In Alaska, the lack of detailed geologic information prevents distinguishing between the two deposit types, and a generic Mississippi Valley type model has been used. 

This tract is permissive for Mississippi Valley type deposits because it contains platform carbonate rocks hosting deposits thought to be Mississippi Valley type, and local Pb-Zn geochemical anomalies.  

Rationale for Tract Delineation

This tract consists of lower Paleozoic (Ordovician through Devonian) platform carbonate rocks of the Nixon Fork terrane (Patton and others, 1994) in the Medfra and Ruby quadrangles.  Pb and Zn locally occur in stream-sediment and panned-concentrate samples. Sphalerite, chalcopyrite, cinnabar, pyrite and malachite are present in some concentrates.    

Important Examples of Deposit Type

The Reef Ridge deposit in the Medfra quadrangle is an example of a Mississippi Valley type deposit (Andrews and Rishel, 1982).  

Rationale for Numerical Estimates 

No estimate of the number of undiscovered deposits was attempted.
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AK-SW10

Mississippi Valley Type Pb-Zn


Alaska

 
South West

 

Descriptive Model:  32a and 32b
 Mark3 Index:  42

Area:   6,926 km2   


Mean undiscovered deposits:  0.33

by  Marti L. Miller, Thomas K. Bundtzen, Dennis P. Cox, John E. Gray, and Jeffrey D. Phillips

Rationale for Model Choice

Two Mississippi Valley type (MVT) deposits are described in Cox and Singer (1986).  The differences between Southeast Missouri Pb-Zn (model 32a; Briskey 1986b) and Appalachian Zn (model 32b; Briskey, 1986a) are subtle enough that the grade and tonnage models for the two deposit types are plotted together with no differentiation between types (Mosier and Briskey, 1986).  In Alaska, the lack of detailed geologic information prevents distinguishing between the two deposit types, and a generic Mississippi Valley type model has been used. 

Paleozoic platform carbonate rocks in southwest Alaska are permissive for Mississippi Valley type deposits.  Although no occurrences are known in this tract, correlative rocks in west-central Alaska host numerous strata-bound Zn prospects in carbonate rocks (informally called the Reef Ridge district in Medfra quadrangle), which are probably Mississippi Valley type deposits.

Rationale for Tract Delineation

This tract consists of three areas that form a north-east trending belt. The northeast area (in McGrath quadrangle) and central area (in Sleetmute, Taylor Mountains, and Lime Hills quadrangles) are both underlain by Cambrian to Devonian shallow-water facies platform carbonate rocks of the Farewell terrane (Decker and others, 1994).  No geochemical data are available to assist in evaluating the Mississippi Valley type potential of these rocks, but the depositional environment is appropriate, and correlative rocks to the northeast host several Zn prospects that are probably Mississippi Valley type.  The southwestern area (in Goodnews Bay quadrangle) contains blocks of Ordovician, Devonian, and Permian limestone, which constitute less than 5 percent of a structurally disrupted unit of mixed marine sedimentary and volcanic rock that forms the Nukluk subterrane of the Goodnews terrane (Decker and others, 1994).  The limestone blocks show algal reef and reef breccia textures (Hoare and Coonrad, 1978) indicating a depositional environment appropriate for Mississippi Valley type host rocks.

Important Examples of Deposit Type

Examples of this type of deposit are found in similar rocks in the Medfra quadrangle of west-central Alaska, and make up the informally named Reef Ridge district (Schmidt, 1997).

Rationale for Numerical Estimates

Although permissive host rocks are present, the limited areal extent of the tract led to a low numerical estimate.  The estimate of the minimum number of undiscovered Mississippi Valley type deposits, consistent with the mean tonnage and grade values of Mosier and Briskey (1986), is:



Percentile

          90
50
10
5
1



Estimated number of deposits    
0
 0
  1
1
2
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AK-SE06

Mississippi Valley Type Pb-Zn


Alaska


Southeast 
Descriptive Model:  32a

Mark3 Index:  42

Area:   150 km2   


Mean undiscovered deposits:  0.03

by  David A. Brew, Cliff D. Taylor, Robert C. Jachens, Richard D. Koch, Donald Grybeck, James L. Drinkwater, David F. Barnes, and Larry J. Drew

Rationale for deposit type selection:

Middle and upper Paleozoic carbonate rocks and Upper Triassic and inferred Upper Triassic carbonate, and intermediate, felsic, and some mafic volcanic rocks occur in heterogeneous and highly faulted units. Geochemical patterns and one mineral occurrence suggest a Mississippi Valley type deposit, possibly the SE Missouri Pb-Zn model.  

Rationale for tract delineation:

This tract was delineated mainly by the distribution of the carbonate units, the known occurrence of a deposit thought to be a Mississippi Valley type, and the appropriate geochemical patterns (Brew and others, 1991; Brew, 1993).

Important examples of deposit type:

The Saginaw Bay-Cornwallis Peninsula deposits on Kuiu Island are  Zn-Pb-Ba prospects in carbonate rocks, and may be Mississippi Valley type deposits.

Rationale for numerical estimate:

Permissive rock types and associations, appropriate geochemical patterns, and the occurrence of 1 inferred deposit of this type were the main basis for the estimate.  The estimated minimum number of Mississippi Valley type deposits, consistent with the grade and tonnage model of Mosier and Briskey (1986), expected to occur in this tract is:
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AK-BR05


Kipushi Cu-Pb-Zn 


 
Alaska


Brooks Range

 

Descriptive Model  32c 
 
Mark3 Index (none)

Area:   49,825 km2   


Mean undiscovered deposits:  (no estimate)


by  Jeanine M. Schmidt, Karen D. Kelley, Richard I. Grauch, Byron R. Berger, John W. Cady, Gregory T. Spanski, James E. Kilburn.

Rationale for Model Choice

This Brooks Range tract is permissive for Kipushi-type deposits, as described by Cox and Bernstein (1986), because it has the appropriate geologic setting (a continental platform or shelf with continental or passive margin rifting) and host rocks (dolostone, shale and shallow-water or platform carbonate rocks)  for the deposit model.

Rationale for Tract Delineation

This tract is defined by carbonate rocks of the Mississippian to Pennsylvanian Lisburne Group.  These are mainly platform carbonates, with some slope and deeper-water lithologies. Rapid facies changes in the western part of the tract suggest an environment of extensional synsedimentary faulting. Where the environment of deposition is not known or indeterminate,  carbonate rocks of possible shelf, slope, or deeper-water-facies are included.  

Important Examples of Deposit Type

There are no known examples of Kipushi-type deposits in this tract, but there are several such deposits in pre-Mississippian rocks elsewhere in the Brooks Range.  

Rationale for Numerical Estimates

No grade and tonnage curves are available for Kipushi-type deposits; no attempt was made to estimate the number of undiscovered deposits.
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AK-BR06


Kipushi Cu-Pb-Zn 



 Alaska


Brooks Range

 

Descriptive Model  32c 
 
Mark3 Index (none)

Area:   32,935 km2   


Mean undiscovered deposits:  (no estimate)


by  Jeanine M. Schmidt, Karen D. Kelley, Richard I. Grauch, Byron R. Berger, John W. Cady, Gregory T. Spanski, James E. Kilburn.

Rationale for Model Choice

Kipushi-type deposits (Cox and Bernstein, 1986) containing Cu, Co, and minor Zn, such as the Ruby Creek and Omar deposits, are known from two separate carbonate areas within this tract in the Brooks Range. The entire tract is permissive for Kipushi-type deposits because it has the appropriate geologic setting (a continental platform or shelf with continental or passive margin rifting) and host rocks (dolostone, shale and shallow-water or platform carbonate rocks)  for the deposit model.

Rationale for Tract Delineation

This tract outlines all pre-Mississippian carbonate rocks in the Brooks Range, including very shallow water, platform, slope and deeper water facies of Late Proterozoic(?) through Devonian age.  These rocks include the Katakturuk Dolostone, Nanook Limestone, Baird Group carbonates, Eli, Kougurourok, and Skajit Limestones, their metamorphosed equivalents, and various marbles of uncertain age and affinity.   Where the environment of deposition is not known or indeterminate, thick carbonate rocks of possible shelf, slope, or deeper-water-facies are included.   Minor mafic rocks and / or rapid facies changes into deeper-water sedimentary rocks suggest that extensional tectonism affected these host rocks during Proterozoic (?), Ordovician (?), late Devonian (?) and/or Mississippian time.

Important Examples of Deposit Type

The Ruby Creek (Hitzman, 1983, 1986; Bernstein and Cox, 1986), Omar (Folger and Schmidt, 1986; Folger, 1988), Pardners Hill and Aurora Mountain deposits, hosted by Ordovician (?) and Silurian to Devonian carbonate rocks, are examples of Kipushi type deposits.

Rationale for Numerical Estimates 

There are no tonnage and grade curves for Kipushi-type deposits; no attempt was made to estimate the number of undiscovered deposits.
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East Central

 

Descriptive Model  32c 
 
Mark3 Index (none)

Area:  23,291 km2   


Mean undiscovered deposits:  (no estimate)


by  Jeanine M. Schmidt, Thomas D. Light, and Bruce M. Gamble.

Rationale for Model Choice

This tract in east-central Alaska is permissive for Kipushi-type deposits, as described by Cox and Bernstein (1986), because it has the appropriate geologic setting (a continental platform or shelf with continental or passive margin rifting) and host rocks (dolostone, shale and shallow-water or platform carbonate rocks)  for the deposit model.

Rationale for Tract Delineation

This tract is defined by Paleozoic platform carbonate rocks.  Where the environment of deposition is not known or indeterminate, thick carbonate rocks of possible shelf, slope, or deeper-water-facies are included.  Paleozoic metamorphic rocks that contain minor marble units of unknown origin, such as the biotite gneiss and amphibolite (PzpCb of Foster, 1976), have not been included in this tract.  In the Eagle and Charley River quadrangles geologically favorable units include the limestones of the Tindir Group, the Funnel Creek Limestone, the Hillard Limestone, and the Calico Bluff Formation.  The western portion of this tract includes the Paleozoic limestones of the Quail, Amy Creek, Schwatka, and minor other units.

Important Examples of Deposit Type
There are no Kipushi-type deposits known in this tract.

Rationale for Numerical Estimates

There are no tonnage and grade curves for Kipushi-type deposits. No quantitative estimates of the number of undiscovered deposits was attempted.

References

Cox, D.P., and Bernstein, L.R., 1986, Descriptive model of Kipushi Cu-Pb-Zn, in Cox, D.P., and Singer, D.A., eds., 1986, Mineral deposit models:  U.S. Geological Survey Bulletin 1693, p. 227.

Foster, H.L., 1976, Geologic map of the Eagle quadrangle, Alaska:  U.S. Geological Survey Miscellaneous Investigations Series Map I-922, scale 1:250,000.

AK-EC10


Kipushi Cu-Pb-Zn 
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Descriptive Model  32c 
 

Mark3 Index (none)

Area:
5,974 km2



Mean undiscovered deposits:  (no estimate)


by Jeanine M. Schmidt and Bruce M. Gamble

Rationale for Model Choice

Paleozoic platform carbonate rocks in east-central Alaska are permissive for Kipushi-type deposits as defined by Cox and Bernstein (1986), because they were formed in an appropriate geologic setting (a continental platform or shelf with continental or passive margin rifting) and because they contain appropriate host rocks (dolostone, shale, and shallow-water or platform carbonate rocks)  for the deposit model.  Although no occurrences are known in this tract, correlative rocks in west-central Alaska host numerous strata-bound Zn prospects (informally called the Reef Ridge district) in carbonate rocks.

Rationale for Tract Delineation

This tract consists of areas locally underlain by Cambrian to Devonian shallow-water facies platform carbonate rocks of the Nixon Fork and Minchumina terranes  (Patton and others, 1994).  Locally, Pb and Zn anomalies are in stream-sediment and panned-concentrate samples in west-central Alaska. Sphalerite, chalcopyrite, cinnabar, pyrite and malachite were identified in some stream-sediment concentrate samples.

Important Examples of Deposit Type

Examples of carbonate-hosted base-metal deposits occur in equivalent rocks in the Reef Ridge district in the Medfra quadrangle of west-central Alaska (Schmidt, 1997).

Rationale for Numerical Estimates

There are no tonnage and grade curves for Kipushi-type deposits; no quantitative estimates of the number of undiscovered deposits were attempted.
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Mark3 Index (none)

Area:
4,445 km2



Mean undiscovered deposits:  (no estimate)


by Jeanine M. Schmidt and Bruce M. Gamble

Rationale for Model Choice

Paleozoic platform carbonate rocks in south-central Alaska are permissive for Kipushi-type deposits as defined by Cox and Bernstein (1986), because they were formed in an appropriate geologic setting (a continental platform or shelf with continental or passive margin rifting) and because they contain appropriate host rocks (dolostone, shale and shallow-water or platform carbonate rocks)  for the deposit model.  Although no occurrences are known in this tract, correlative rocks in west-central Alaska host numerous strata-bound Zn prospects (informally called the Reef Ridge district) in carbonate rocks.

Rationale for Tract Delineation

This tract consists of areas locally underlain by Cambrian to Devonian shallow-water facies platform carbonate rocks of the Nixon Fork and Minchumina terranes (Patton and others, 1994).  Locally, Pb and Zn anomalies are in stream-sediment and panned-concentrate samples in west-central Alaska. Sphalerite, chalcopyrite, cinnabar, pyrite, and malachite were identified in some concentrates.

Important Examples of Deposit Type

Examples of carbonate-hosted base-metal deposits occur in equivalent rocks in the informally named Reef Ridge district in the Medfra quadrangle of west-central Alaska (Schmidt, 1997).

Rationale for Numerical Estimates

There are no tonnage and grade curves for Kipushi-type deposits; no quantitative estimates of the number of undiscovered deposits were attempted.
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Mark3 Index (none)

Area:
6,926 km2



Mean undiscovered deposits:  (no estimate)


by Marti L. Miller, Jeanine M. Schmidt, and Bruce M. Gamble

Rationale for Model Choice

Paleozoic platform carbonate rocks in southwest Alaska are permissive for Kipushi-type deposits as defined by Cox and Bernstein (1986), because they were formed in an appropriate geologic setting (a continental platform or shelf with continental or passive margin rifting) and because they contain appropriate host rocks (dolostone, shale, and shallow-water or platform carbonate rocks)  for the deposit model.  Although no occurrences are known in this tract, correlative rocks in west-central Alaska contain several carbonate-hosted base-metal prospects.

Rationale for Tract Delineation

This tract consists of three areas that form a northeast-trending belt.  The northeast area (in the McGrath quadrangle) and central area (in the Sleetmute, Taylor Mountains, and Lime Hills quadrangles) are both underlain by Cambrian to Devonian shallow-water facies platform carbonate rocks of the Farewell terrane (Decker and others, 1994).  No geochemical data are available to assist in evaluating the Kipushi Cu-Pb-Zn potential of these rocks, but the depositional environment is appropriate, and correlative rocks to the northeast host several Zn prospects. The southwestern area (in Goodnews Bay quadrangle) contains blocks of Ordovician, Devonian, and Permian limestone, which constitute less than 5 percent of a structurally disrupted unit of mixed marine sedimentary and volcanic rock that forms the Nukluk subterrane of the Goodnews terrane (Decker and others, 1994).  The limestone blocks show algal reef and reef breccia textures (Hoare and Coonrad, 1978), indicating a depositional environment permissive for Kipushi-type deposits.

Important Examples of Deposit Type

Examples of carbonate-hosted base-metal deposits occur in equivalent rocks in the Reef Ridge district in the Medfra quadrangle of west-central Alaska (Schmidt, 1997).

Rationale for Numerical Estimates

There are no tonnage and grade curves for Kipushi-type deposits; no quantitative estimates of the number of undiscovered deposits were attempted.
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Mean undiscovered deposits:  (no estimate)


by Jeanine M. Schmidt, Bruce M. Gamble, and Marti L. Miller

Rationale for Model Choice

Paleozoic carbonate rocks that locally include platform carbonates in west-central Alaska are permissive for Kipushi-type deposits as defined by Cox and Bernstein (1986), because they were formed in an appropriate geologic setting (a continental platform or shelf with continental or passive margin rifting) and because they contain appropriate host rocks (dolostone, shale and shallow-water or platform carbonate rocks)  for the deposit model.  Although no occurrences of Kipushi deposits occur in this tract, it does host strata-bound Zn prospects in carbonate rocks (informally called the Reef Ridge district).

Rationale for Tract Delineation

This tract consists of areas underlain by Cambrian to Devonian shallow-water facies platform carbonate rocks of the Nixon Fork terrane (Patton and others, 1994). Locally, Pb and Zn anomalies are in stream-sediment and panned-concentrate samples in west-central Alaska. Sphalerite, chalcopyrite, cinnabar, pyrite and malachite were identified in some concentrates.

Important Examples of Deposit Type

Examples of carbonate-hosted base-metal deposits (mainly Zn) occur in equivalent rocks in the Reef Ridge district in the Medfra quadrangle of west-central Alaska (Schmidt, 1997).

Rationale for Numerical Estimates

There are no tonnage and grade curves for Kipushi-type deposits; no quantitative estimates of the number of undiscovered deposits were attempted.
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Descriptive Model:  36a
 
Mark3 Index: 27

Area:  35,958 km2   


Mean undiscovered deposits:  3.06

by  Jeanine M. Schmidt, Karen D. Kelley, Richard I. Grauch, Byron R. Berger, John W. Cady, Gregory T. Spanski, James E. Kilburn.

Rationale for Model Choice

Some low sulfide gold-quartz veins occur, especially in the Wiseman-Chandalar area; placer gold deposits are common, and the geologic setting and host rocks are permissive for additional deposits.

Rationale for Tract Delineation

This tract includes areas of Proterozoic(?) to Paleozoic mixed schists, including many predominately pelitic schists, and lesser quartzitic, mafic, calcareous, and carbonaceous schists. 

Important Examples of Deposit Type

Low sulfide gold-quartz veins occur in the Wiseman and Chandalar districts (Dillon, 1982; Nokleberg and others, 1987).  The Little Squaw (Ashworth, 1983) and Mikado are some of the larger examples of low-sulfide Au-quartz vein deposits.

Rationale for Numerical Estimates

Numerous placer gold deposits and some lode gold deposits in the tract suggest the presence of additional lode deposits.  The minimum number of undiscovered low sulfide gold-quartz vein deposits of median grade and tonnage expected to occur in the tract is:



Percentile
            90     50     10     5     1



Estimated number of deposits    1      2      5    10    15
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Mark3 Index:  27

Area :  31,471 km2   


Mean undiscovered deposits:  2.23

by  Bruce M. Gamble, Robert G. Eppinger, John W. Cady, Stanley E. Church, Byron R. Berger, Gregory T. Spanski

Rationale for Model Choice

Low-sulfide gold-quartz veins (Berger, 1986) are known to occur in this tract, and additional deposits are permissive.  A large part of the Seward Peninsula is underlain by greenschist (after blueschist) facies rocks containing numerous low-sulfide gold-quartz vein deposits and occurrences (Gamble and others, 1985), and numerous worldclass Au-placer deposits.  Local As, Sb, Au and other geochemical anomalies in stream sediment and heavy-mineral concentrate samples are scattered throughout the area.

Rationale for Tract Delineation

The favorable geologic unit defining this tract includes all of the Nome Group exclusive of high-grade (amphibolite and above) parts, which are confined to the mountain ranges.  The Nome Group consists chiefly of pelitic schist, calc-schist, pure and impure marble, graphitic quartzite and quartz-mica schist, and mafic schist (Till and others, 1986).  The metamorphic grade within the tract is blueschist that has a pronounced greenschist retrograde overprint.  Anomalous elements in stream sediment and panned concentrate samples are chiefly As and Sb, and local Au, W, Bi.  

Important Examples of Deposit Type

Numerous low-sulfide gold-quartz veins and gold placers are present. The Big Hurrah mine produced about 27,000 ounces, chiefly between 1903 and 1907 (Read and Meinert, 1986).

Rationale for Numerical Estimates 

The estimated minimum number of undiscovered low-sulfide Au-quartz vein deposits consistent with the tonnage and grade model of Bliss (1986) is: 

       Percentile



90
50
10
5
 1

       Estimated number of deposits

  1
  2
  3
5
10
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 Mark3 Index:  27

Area:
25,659 km2


Mean undiscovered deposits:  (no estimate)


by  Thomas D. Light, Bruce M. Gamble, and Donald Grybeck

Rationale for Model Choice

The presence of placer Au deposits, greenschist facies rocks of the Ruby terrane, and local geochemical anomalies support definition of a permissive tract for low-sulfide Au-quartz veins.  

Rationale for Tract Delineation

This tract is defined by Precambrian(?) and Paleozoic pelitic schists, metabasites, quartzites, orthogneiss, and marbles (Patton and others, 1989; Dover, 1994; Nokleberg and others, 1994). As, Zn, W, and Cu,  are the most common stream sediment anomalies, and traces of Au, Ag and Bi are present locally.  

Important Examples of Deposit Type

No low-sulfide Au-quartz veins are known in the tract, but the geologic environment suggests that low-sulfide Au-quartz veins may be present. 

Rationale for Numerical Estimates 

No estimate of the number of undiscovered low-sulfide Au-quartz vein deposits was attempted.
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Mean undiscovered deposits:  (no estimate)


by  Bruce M. Gamble, Robert G. Eppinger, John W. Cady, Stanley E. Church, Byron R. Berger, Gregory T. Spanski

Rationale for Model Choice

The presence of placer Au deposits in the greenschist facies rocks of the Ruby and Nixon Fork terranes, and local geochemical anomalies support a potential for low-sulfide Au-quartz veins.  

Rationale for Tract Delineation

This tract is defined by the metamorphic basement of the Ruby and Nixon Fork terranes, which comprises Precambrian(?) and Paleozoic pelitic schists, metabasites, quartzites, orthogneiss, and marbles (Patton and others, 1989; Nokleberg and others, 1994).  Permissive deposit types are placer gold and low-sulfide gold-quartz vein.  Arsenic is the most common stream sediment anomaly; Zn, W, Cu, and rare Au, Ag and Bi are present locally.  

Important Examples of Deposit Type

No low-sulfide Au-quartz veins are known in the tract, but the geologic environment and the presence of placer Au deposits in the Ruby district suggest that low-sulfide Au-quartz veins may be present. 

Rationale for Numerical Estimates 

No estimate of the number of undiscovered low-sulfide Au-quartz vein deposits was attempted.
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Area:  74,586 km2   


Mean undiscovered deposits:  8.84

by  Donald Grybeck, Thomas D. Light, William J. Keith, Dennis P. Cox, Gregory K. Lee, and Jeffrey D. Phillips

Rationale for Model Choice

The metamorphic rocks of the Yukon-Tanana Upland outside the Fairbanks area are permissive for low-sulfide Au-quartz veins as described by Berger (1986), because the geology and tectonic setting are similar to the Fairbanks area, which hosts numerous low-sulfide Au-quartz veins.  

Rationale for Tract Delineation

The major constraint as well as the main evidence for undiscovered low-sulfide Au-quartz vein deposits is the widespread occurrence of placer gold deposits and the presence of favorable host rocks.  

Important Examples of Deposit Type

No good examples occur outside the Fairbanks area, but the Fairbanks deposits serve as excellent examples of what might be found elsewhere in similar rocks in east-central Alaska.

Rationale for Numerical Estimates 

Additional deposits similar to those in the Fairbanks area are expected to occur outside the Fairbanks area.  Using the mean size and grade projections of Bliss (1986), the estimated minimum number of undiscovered low-sulfide Au-quartz veins in the Yukon-Tanana Upland is:


Percentile


90
50
10
 5
 1


Estimated number of deposits
  2
  8
15
20
30
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Mark3 Index: 27

Area:   1,721 km2   


Mean undiscovered deposits:   13.32

by  Donald Grybeck, Thomas D. Light, William J. Keith, Dennis P. Cox, Gregory K. Lee, and Jeffrey D. Phillips.

Rationale for Model Choice

The lode gold deposits in the Fairbanks district occur in a variety of host rocks that include felsic to intermediate plutonic stocks and various types of schist units.  The deposits have some of the characteristics of low-sulfide Au-qtz veins (Berger, 1986), polymetallic veins (Cox, 1986), simple antimony veins (Bliss and Orris, 1986), and Au-Sb veins (Berger, 1992),  but are much richer in Sb than most of the polymetallic veins in that model.  Locally, the Fairbanks Au-quartz veins grade into simple Sb veins with a  much higher gold content than is normal for the simple antimony model.  Some of these veins could be classified as low-sulfide Au-quartz veins, but locally have a much higher sulfide and sulfosalt content than Berger’s (1986) model.

Rationale for Tract Delineation

This tract was defined mainly by the distribution of known deposits.

Important Examples of Deposit Type

The most important deposits of this type in this tract are the Cleary Hill and Hi-Yu mines in the Cleary Hill area, and the numerous mines and deposits in the Ester Dome area.

Rationale for Numerical Estimates 

The expected tonnage and grade of these gold-bearing veins in the Fairbanks area probably most closely fit the distribution curves for the low-sulfide Au-qtz model of Bliss (1986), with an average orebody size of 30,000 tonnes and an average grade of 16 grams of gold per ton.  The estimated minimum number of undiscovered low-sulfide Au-quartz deposits is:


Percentile


90
50
10
 5
 1


Estimated number of deposits
  5
12
20
30
50
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Mean undiscovered deposits:  20.17

by  Warren J. Nokleberg, Dennis P. Cox, Richard J. Goldfarb, and Warren Yeend.

Rationale for Model Choice

This tract covers part of the Yukon-Tanana terrane.  It is permissive for low-sulfide Au-quartz veins (Berger, 1986) because in contains sedimentary and  intermediate volcanic rocks that are metamorphosed to greenschist facies, known occurrences and prospects, and stream-sediment geochemical anomalies (Au, As, Ag).

Rationale for Tract Delineation

The favorable geologic units defining this tract are the Devonian and Mississippian metasedimentary and lesser metavolcanic rocks of southern Yukon-Tanana terrane where metamorphosed in the mid-Cretaceous to greenschist facies.  The metasedimentary rocks were mainly quartz-rich shale and siltstone, quartz sandstone, minor limestone, and marl. The metavolcanic rocks were mainly andesite, but ranged in composition from rhyolite to basalt.

The distribution of the geologic units defining the tract is adapted from Nokleberg and others (1994). The distribution of this belt of mineral deposits is adapted from MacKevett and others (1978) and Nokleberg and others (1987, 1993). Mineral resource assessments of 250,000-scale quadrangles within the tract were done by Richter and others (1975), Singer and others (1977), Cox and others, 1989, and Nokleberg and others (1990).

Important Examples of Deposit Type

There are no significant examples of low-sulfide Au-quartz veins in the tract. However, this deposit type is commonly associated with Au-Sb veins (Berger, 1993) that occur mainly along the southern margin of the Yukon-Tanana terrane. Minor occurrences and prospects are in the northeastern part of the tract. Local gold placer deposits in the Kantishna, Bonnifield, and Delta River districts may be derived in part from undiscovered lode deposits, or from gold-antimony deposits in this tract (Capps, 1912, 1919; Smith, 1941; Gilbert and Bundtzen, 1979; Cobb, 1973; Rose, 1965; Nokleberg and others, 1991).

Rationale for Numerical Estimates

The tract is a large area that locally is covered by thick glacial loess, and dense vegetation.  The existence of favorable rock units, and of numerous occurrences of low-sulfide Au-quartz veins suggest that there are undiscovered deposits in this tract. The estimated minimum number of undiscovered deposits that are consistent with the grade and tonnage model of Bliss (1986) is:


Percentile


     90      50
10
 5
 1


Estimated number of deposits     
       5      10        50
50
50
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by  Warren J. Nokleberg, Dennis P. Cox, Richard J. Goldfarb, and Warren Yeend.

Rationale for Model Choice

Parts of the Alaska Range and the Wrangell Mountains are permissive for Cretaceous low-sulfide Au-quartz vein deposits (Berger, 1986) because those areas feature intermediate-composition volcanic rocks and associated graywackes, low-grade regional metamorphism, and stream-sediment geochemical anomalies (Au, Ag, As).

Rationale for Tract Delineation

The favorable geologic unit defining the tract is Upper Jurassic and Lower Cretaceous sedimentary and volcanic rocks of the Nutzotin Group that exhibit pervasive lower greenschist facies metamorphism, and local intense folding, faulting, and penetrative deformation of probable mid-Cretaceous age.

The distribution of the geologic units defining the tract is adapted from Nokleberg and others (1994). The distribution of this belt of mineral deposits is adapted from MacKevett and others (1978) and Nokleberg and others (1987, 1993). Mineral resource assessments of 250,000-scale quadrangles within the tract were done by Richter and others (1975), MacKevett (1976), Singer and others (1977), and Nokleberg and others (1990).

Important Examples of Deposit Type

There are no significant deposits, prospects, or occurrences of low-sulfide gold Au-quartz veins in the tract. Gold in placer Au mines in the Chisana, Chistochina, and Valdez Creek districts (Chapin, 1918; Capps, 1916, 1919; Tuck, 1938; Smith, 1941; Rose, 1967; Richter and Matson, 1972; Cobb, 1973; Yeend, 1981a, 1981b; Bressler and others, 1985; Fechner and Herzog, 1990; Reger and Bundtzen, 1990) may be derived in part from undiscovered low-sulfide gold Au-quartz veins, but its most likely sources are large porphyry Cu and Mo deposits, and associated skarn and polymetallic vein deposits.

Rationale for Numerical Estimates

Because no low-sulfide Au-quartz veins are known in this tract, and because the source of sparse favorable geochemical anomalies cannot be determined, no estimate of the number of undiscovered deposits was attempted.
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by  Warren J. Nokleberg, Dennis P. Cox, and Richard J. Goldfarb.

Rationale for Model Choice

Parts of the Maclaren terrane in the Alaska Range are permissive for low-sulfide Au-quartz vein deposits (Berger, 1986) because of favorable bedrock geology, favorable regional metamorphism, known occurrences, and stream-sediment geochemical anomalies (Au, W).

Rationale for Tract Delineation

The favorable geologic unit defining the tract is the Upper Jurassic(?) flysch (argillite and metagraywacke) of the Maclaren Glacier metamorphic belt of the Maclaren terrane (Smith, 1981; Nokleberg and others, 1985), where metamorphosed to lower greenschist facies in the early Tertiary.  One of Alaska’s largest gold placer mines at Valdez Creek occurs downstream from the area of known deposits. The Maclaren Glacier metamorphic belt displays classic Barrovian-type metamorphism in which the lower, greenschist facies portions are judged to be highly favorable for low-sulfide Au-quartz vein deposits. The Maclaren terrane is interpreted as the offset equivalent of metamorphic rocks that contain major low-sulfide Au quartz vein deposits in the Juneau region of southeastern Alaska (Nokleberg and others, 1985, 1993).

The distribution of the geologic units defining the tract is adapted from Nokleberg and others (1994). The distribution of this belt of mineral deposits is adapted from MacKevett and others (1978) and Nokleberg and others (1987, 1993). Mineral resource assessments of 250,000-scale quadrangles within the tract were done by Singer and others (1980), Cox and others (1989), and Nokleberg and others (1990).

Important Examples of Deposit Type

The Lucky Hill, Timberline Creek, Gold Hill, and Surprise occurrences and prospects in the Healy quadrangle (Smith, 1981; Adams and others, 1992) are examples of low-sulfide Au-quartz vein deposits in this tract. The associated gold placer mines in the Valdez Creek district (Chapin, 1918; Capps, 1919; Tuck, 1938; Smith, 1970; Cobb, 1973; Bressler and others, 1985; Fechner and Herzog, 1990; Reger and Bundtzen, 1990) may be derived in part from undiscovered low-sulfide gold Au-quartz vein deposits.

Rationale for Numerical Estimates

This tract locally is covered by large ice fields and glaciers, therefore much of the area has not been available for exploration.  Because of the presence of numerous low-sulfide Au-quartz veins, a major placer mine, and the limited outcrop area, the assessment team concluded that this tract probably contains at least one undiscovered low-sulfide Au-quartz vein deposit.  The minimum number of undiscovered deposits that are consistent with the grade and tonnage model of Bliss (1986) is:



Percentile



90
 50
10
5
1



Estimated number of deposits      

  1 
   3  
  4
4
4
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by  Marti L. Miller, Thomas K. Bundtzen, Dennis P. Cox, John E. Gray, and Jeffrey D. Phillips

Rationale for Model Choice

In southwest Alaska, mixed oceanic lithologies that show greenschist facies metamorphism are considered permissive for low-sulfide Au-quartz vein deposits.  The local presence of placer gold in association with these rocks is consistent with the model designation (Berger, 1986).

Rationale for Tract Delineation

This tract consists of two main areas and a third smaller area:  (1) The central area lies south of Kako Creek in the Russian Mission and Holy Cross quadrangles.  This area is underlain by a mixed lithology that includes part of the Angayucham-Tozitna terrane (mixed PzMz basalt, ultramafic, and sedimentary rocks) overlain by volcanic and volcaniclastic rocks of the Yukon-Koyukuk terrane.  The tract was extended west over a covered region on the basis of gamma ray geophysics.  The regional metamorphic facies map (Dusel-Bacon, 1991) shows prehnite-pumpellyite facies in this area, but 1992 field work indicates it is actually greenschist facies (T.K. Bundtzen, oral commun., 1993).  Five placer gold mines have operated within this area.  (2) The southern area forms a belt through the Bethel, Goodnews, and Hagemeister Island quadrangles and contains the Kilbuck terrane and part of the Goodnews terrane.  The Goodnews terrane lithologies include mudstone, basalt, serpentine, ophiolitic rocks, and schists.  The Kilbuck terrane contains mafic and felsic schists.  Metamorphic grade across much of the belt is low greenschist, although locally higher grades exist (Dusel-Bacon, 1991).  Gold placers in the area south of the Kilbuck terrane may indicate the presence of either low-sulfide Au-quartz veins or an unexposed pluton.  (3)The northern area lies in the north-central Iditarod and south-central Ophir quadrangles.  It is underlain by greenschist-facies metavolcanic rocks and lesser quartz-mica schist of the Ruby terrane (Miller and Bundtzen, 1994).  The area is outlined on the basis of permissive greenschist facies rocks alone; no gold occurrences are known in the northern area.

Important Examples of Deposit Type

The Arnold prospect in the Russian Mission quadrangle, area (1) described above, is probably a low-sulfide Au-quartz vein deposit.  

Rationale for Numerical Estimates 

Given the presence of permissive rock types of the appropriate metamorphic grade and the occurrence of placer gold deposits in the two main areas of the tract, the assessment team concluded that the likelihood of a low-sulfide Au-quartz vein deposit was high.  The third small area discussed above (underlain by Ruby terrane), was excluded from the estimate. The estimated minimum number of undiscovered low-sulfide Au-quartz vein deposits, consistent with the grade and tonnage model of Bliss (1986) is:



Percentile         


 90    50     10     5    1
 



Estimated number of deposits   
   1       2       3    4    6 
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by  David A. Brew, Cliff D. Taylor, Robert C. Jachens, Richard D. Koch, Donald Grybeck, James L. Drinkwater, David F. Barnes, and Larry J. Drew

Rationale for deposit type selection:

In southeastern Alaska low-sulfide Au-quartz vein deposits occur in Mesozoic and Paleozoic low- to medium-grade metamorphosed clastic, volcanic, and some carbonate rocks along or near large through-going high-angle faults that are close to Cretaceous and Tertiary mesozonal to epizonal subduction- and post-subduction-related calcalkaline granitic plutons and dikes.  Additional low-sulfide gold-quartz vein deposits are expected.

Rationale for tract delineation:

This tract includes 20 separate tracts that were delineated, evaluated, and estimated individually by Brew and others (1991) and summarized by Brew (1993). The tract boundaries were delineated mainly by combining the distribution of deposits and occurrences, the distribution of the plutons, metaclastic units and large faults, and the distribution of favorable geochemical patterns.

Important examples of deposit type:

The Alaska-Juneau, Treadwell, Chichagof, Hirst-Chichagof, and Helm Bay mines are examples of low-sulfide Au-quartz vein deposits.

Rationale for numerical estimate:

Permissive rock types and associations, geochemical patterns, and the numerous low-sulfide Au-quartz vein occurrences were the main basis for the estimates.  The expected minimum number of undiscovered low-sulfide Au-quartz vein deposits consistent with the grade and tonnage model of Bliss (1986) is:



Percentile


90
50
 10
 5
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Estimated number of deposits
 1
  5
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14
17
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by  Warren J. Nokleberg, Dennis P. Cox, Richard J. Goldfarb, and Warren Yeend.

Rationale for Model Choice

This tract covers parts of the Talkeetna Mountains.  It is permissive for low-sulfide Au-quartz vein deposits (Berger, 1986) because of known mines, gold placer deposits, favorable bedrock geologic units, favorable regional greenschist facies metamorphism, and geochemical anomalies (Ag, As, Au).

Rationale for Tract Delineation

The favorable geologic units that define the tract are the extensive Lower Jurassic Talkeetna Formation, local Upper Jurassic and Lower Cretaceous flysch, and Jurassic and Cretaceous granitic rocks where deformed and metamorphosed to lower greenschist facies.

The distribution of the geologic units defining the tract is adapted from Nokleberg and others (1994). The distribution of this belt of mineral deposits is adapted from MacKevett and others (1978) and Nokleberg and others (1987, 1993). Mineral resource assessments of 250,000-scale quadrangles within the tract were done by Singer and others (1977, 1980), Nokleberg and others (1990), and Madden-McGuire and Winkler (1993).

Important Examples of Deposit Type

The lode gold mines (Gold Cord, Independence, Thope) (Ray, 1954; Burleigh, 1987; Madden-McGuire and others, 1988) and associated placer mines of the Willow Creek district (Capps, 1915; Jasper, 1967; Cobb, 1973) in the Anchorage quadrangle are examples of low-sulfide Au-quartz veins in this tract. The Independence mine produced about 90% of the ore in the tract. Two significant smaller mines are at Gold Bullion and Lucky Shot. More than ten smaller mines occur in the district.

Rationale for Numerical Estimates

The Willow Creek district is a relatively small area that may have a possible extension to the north.  The numerous low-sulfide Au-quartz veins known in the tract suggest that it probably contains at least one additional undiscovered deposit.  The estimated minimum number of undiscovered deposits, consistent with the grade and tonnage model of Bliss (1986), is:




Percentile


90
50
10
5
1




Estimated number of deposits
 1
 5
 7
7
7

References

Berger, B.R., 1986, Descriptive model of low-sulfide Au-quartz veins, in Cox, D.P., and Singer, D.A., eds., Mineral deposit models: U.S. Geological Survey Bulletin 1693, p. 239.

Bliss, J.D., 1986, Grade and tonnage model of low-sulfide Au-quartz veins, in Cox, D.P., and Singer, D.A., eds., Mineral deposit models: U.S. Geological Survey Bulletin 1693, p. 239-243.

Burleigh, R.E., 1987, A stable isotope, fluid inclusion and ore petrographic study of gold-quartz veins in the Willow Creek mining district, Alaska: Unpublished M.Sc. thesis, University of Alaska, Fairbanks, 246 p.

Capps, S.R., 1915, The Willow Creek district, Alaska: U.S. Geological Survey Bulletin 607, 86 p.

Cobb, E.H., 1973, Placer deposits of Alaska: U.S. Geological Survey Bulletin 1324,  213 p.

Jasper, M.W., 1967, Geochemical investigations, Willow Creek southerly to Kenai Lake region, south central Alaska: Alaska Division of Mines and Minerals Geochemical Report 14, 47 p.

Madden-McGuire, D.J., Silberman, M.L., and Church, S.E., 1988, Geologic relationships, K-Ar ages, and isotopic data from the Willow Creek gold mining district, Alaska, in Keays, R.R., Ramsay, W.R.H., and Groves, D.I., eds., The geology of gold deposits: Economic Geology Monograph 6, p. 242-251.

Madden-McGuire, D.J., and Winkler, G.R., 1993, Mineral resource maps of the Anchorage quadrangle, southern Alaska: U.S. Geological Survey Miscellaneous Investigations Map MI-2393, scale 1:250,000, 3 sheets.

MacKevett, E.M., Jr., Singer, D.A., and Holloway, C.D., 1978, Maps and tables describing metalliferous mineral resource potential of southern Alaska: U.S. Geological Survey Open-File Report 78-1E, 2 sheets, scale 1:1,000,000, 45 p.

Nokleberg, W.J., Bundtzen, T.K., Berg, H.C., Brew, D.A., Grybeck, Donald, Robinson, M.S., Smith, T.E., and Yeend, Warren, 1987. Significant metalliferous lode deposits and placer districts of Alaska: U.S. Geological Survey Bulletin 1786, 104 p.

Nokleberg, W.J., Bundtzen, T.K., Grybeck, Donald, Koch, R.D., Eremin, R.A., Rozenblum, I.S., Sidorov, A.A., Byalobzhesky, S.G., Sosunov, G.M., Shpikerman, V.I., and Gorodinsky, M.E., 1993, Metallogenesis of mainland Alaska and the Russian Northeast: Mineral deposit maps, models, and tables, metallogenic belt maps and interpretation, and references cited: U.S. Geological Survey Open-File Report 93-339, 222 pages, 1 map, scale 1:4,000,000; 5 maps, scale 1:10,000,000.

Nokleberg, W.J., Lange, I.M., Singer, D.A., Curtin, G.C., Tripp, R.B., Campbell, D.L., and Yeend, Warren, 1990, Mineral resource assessment maps of the Mount Hayes quadrangle, eastern Alaska Range, Alaska: U.S. Geological Survey Miscellaneous Field Studies Map MF-1996-A, 4 sheets, scale 1:250,000, 22 p.

Nokleberg, W.J., Moll-Stalcup, E.J., Miller, T.P., Brew, D.A., Grantz, Arthur, Reed, J.C., Jr., Plafker, George, Moore, T.E., Silva, S.R., and Patton, William W., Jr., 1994, Tectonostratigraphic terrane and overlap assemblage map of Alaska: U.S. Geological Survey Open-File Report 94-194, 53 p., scale 1:2,500,000.

Ray, R.G., 1954, Geology and ore deposits of the Willow Creek mining district, Alaska: U.S. Geological Survey Bulletin 1004, 86 p.

Singer, D. A., Csejtey, Bèla, Jr., and Miller, R.J., 1980, Map and discussion of the metalliferous and selected non-metalliferous mineral resources of Talkeetna Mountains quadrangle, Alaska: U.S. Geological Survey Open-File Report 78-558-Q, 34 p., 1 sheet, scale 1:250,000.

Singer, D.A., Curtin, G.C., and Foster, H.L., 1977, Mineral resources map of the Tanacross quadrangle, Alaska: U.S. Geological Survey Miscellaneous Field Studies Map MF-767-E, 1 sheet, scale l:250,000.

AK-SC12

Low‑Sulfide Au‑Quartz Veins, Chugach type
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South Central

 

Descriptive Model:  36a.1
 
Mark3 Index: 26

Area:  40,281 km2   


Mean undiscovered deposits:  498

by  Warren J. Nokleberg, Dennis P. Cox, Richard J. Goldfarb, and David L. Campbell.

Rationale for Model Choice

A large part of the Chugach Range in south-central Alaska is permissive for early Tertiary Chugach-type low-sulfide Au-quartz vein (Bliss, 1992) deposits because of favorable bedrock geology, favorable regional metamorphism, known mines and occurrences, and geochemical anomalies (Au, W) (Goldfarb and others, 1995).

Rationale for Tract Delineation

The favorable geologic unit defining this tract is mainly the Upper Cretaceous flysch of the Valdez Group where metamorphosed to greenschist facies. Also favorable are: (1) the northern margin of the lower Tertiary Orca Group of the Prince William terrane where metamorphosed to lower greenschist facies; (2) the metasedimentary rocks of the Orca Group within a few kilometers of granitic plutons; and (3) the southern margin of the Upper Triassic through mid-Cretaceous McHugh Complex in the southern Seldovia quadrangle. Chugach-type low sulfide Au-quartz vein deposits occur both in (meta)sedimentary rocks and in Eocene and Oligocene granitic plutons intruding the Valdez and Orca Groups.  Hydrothermal muscovite from gold-bearing veins has been dated at 53 Ma in the Port Valdez district (Winkler and others, 1981), at 52 Ma in the Hope-Sunrise district (Mitchell and others, 1981), and at 57 Ma in the Nuka Bay district (Borden and others, 1992).

The distribution of the geologic units defining the tract is adapted from Nokleberg and others (1994). The distribution of this belt of mineral deposits is adapted from MacKevett and others (1978) and Nokleberg and others (1987, 1993). Mineral resource assessments of 250,000-scale quadrangles within the tract were done by Tysdal and Case (1982), Nelson and others (1984), Goldfarb and others (1992), and Madden-McGuire and Winkler (1993).

Important Examples of Deposit Type

The Cliff mine in the Valdez quadrangle, the Granite, Crown Point, Alaska Oracle, Gilpatrick, Lucky Strike, Palmer Creek, and Kenai-Alaska mines in the Seward quadrangle, the Monarch and Jewel mines in the Anchorage quadrangle, and the mines of Nuka Bay district (Alaska Hills, Beauty Bay, Goyne, Lost Creek, Sonny Fox, and Nualaska) in the Seldovia quadrangle are all examples of low-sulfide Au-quartz veins in this tract (Johnson, 1914; Martin and others, 1915; Park, 1933; Tuck, 1933; Richter, 1970; McGee, 1972; Mitchell, 1979; Mitchell and others, 1981; Stuwe, 1984).

Rationale for Numerical Estimates

Chugach-type low-sulfide Au-quartz vein deposits (model 36a.1) are relatively small, averaging only about 3000 metric tons with an average grade of 6.2 grams per ton (Bliss, 1992), as compared to the generic low sulfide Au-quartz vein model (model 36a), which average 30,000 metric tons with 16 grams per ton Au (Bliss, 1986). Because the Chugach-type deposits are relatively small, a potential exists for a correspondingly larger number of deposits than would be expected for the generic low-sulfide Au-quartz veins.  However, because this deposit model is only expected to have a total contained gold content of about 18,600 grams (about 600 oz.) the potential for development is significantly reduced.

There is a high probability of numerous undiscovered deposits in the tract.  A reasonable estimate for the number of undiscovered deposits is about 0.02 deposits per km2 (Bliss, 1986; J.D. Bliss, written commun., 1995) or about 20 deposits per 1,000 km2.. For the tract size, this ratio indicates that as many as 600 undiscovered deposits may exist at the 50% percentile.  Accordingly, the mineral resource team estimated the number of undiscovered low-sulfide Au-quartz vein deposits that are consistent with the grade and tonnage model of Bliss (1992) to be:


Percentile



   90        50        10
  5
  1


Estimated number of deposits      

   80       600      800
800
800
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Descriptive Model  36a
 
 
Mark3 Index:  26

Area:  2,138 km2   


Mean undiscovered deposits:  (no estimate)


by  Frederic H. Wilson, Stanley E. Church, Richard W. Saltus, Lawrence J. Drew, and W. David Menzie. 

Rationale for Model Choice

Because it is adjacent to a tract containing several reported Chugach-type low-sulfide Au-quartz veins, this tract is considered permissive for Chugach-type low sulfide Au-quartz vein deposits.

Rationale for Tract Delineation.
This tract is defined by metamorphic, ultramafic, and plutonic rocks of Triassic and older ages west of the Border Ranges fault in the Kodiak Islands (Connelly and Moore, 1971).

Important Examples of Deposit Type

A Chugach-type low-sulfide Au-quartz vein occurs at Malina Bay (Capps, 1937), where a 4.2-m-wide quartz gold- and silver-bearing vein is at the contact of slate with granite and diorite plutons.

Rationale for Numerical Estimates 

Information is not adequate to estimate the number of undiscovered deposits in this tract.
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Descriptive Model:  36a.1

Mark3 Index: 26

Area:   8,932 km2   


Mean undiscovered deposits:  13.93

by  Frederic H. Wilson, Stanley E. Church, Richard W. Saltus, Lawrence J. Drew, and W. David Menzie. 

Rationale for Model Choice

Southeast of the Border Ranges Fault on Kodiak Island, the Chugach terrane, composed of the Kodiak and Shumagin Formations, is permissive for Chugach-type low-sulfide Au-quartz veins (Bliss, 1986, 1992), because such deposits are known in the tract, and because they also occur in the correlative Valdez Group of south-central Alaska.

Rationale for Tract Delineation

This tract consists of Upper Cretaceous graywacke and mudstone of the Kodiak and Shumagin Formations and lower Tertiary plutons on Kodiak, Semidi, Shumagin, and Sanak Islands.  The rock units are correlative with the Valdez Group in Prince William Sound, although generally of lower metamorphic grade.

Important Examples of Deposit Type

Gold has been reported from several small occurrences, such as at the Amok Gold Mine (Capps, 1937), where a 1-m-thick gold-bearing quartz vein was mined in the early part of the 20th century.

Rationale for Numerical Estimates 

Appropriate host rocks and a number of known occurrences suggest that additional deposits of this type occur within the tract.  The low level of geologic knowledge of the region and the small size of the these deposits, however, contributes to a high level of uncertainty in the estimates.

The minimum number of undiscovered low-sulfide Au-quartz vein deposits, consistent with the tonnage and grade model of Bliss (1992), estimated for this tract is:



Percentile


90 
  50  
 10
 5
 1



Estimated no. of deposits
 4  
 10  
  30
30
30
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Descriptive Model:  36a.1
 
Mark3 Index: 26

Area:   1,467 km2   


Mean undiscovered deposits:  (no estimate)


by  Frederic H. Wilson, Stanley E. Church, Richard W. Saltus, Lawrence J. Drew, and W. David Menzie. 

Rationale for Model Choice

This tract is considered permissive for Chugach-type low-sulfide Au-quartz veins because it is adjacent to a geologically similar tract containing several occurrences of such veins.  No gold occurrences are known in this tract.

Rationale for Tract Delineation

This tract comprises rocks of the Ghost Rocks, Sitkalidak, Sitkinak, and other Tertiary Formations on the southeast and east side of the Kodiak Islands (Moore, 1967, 1969).  These formations consist of a variety of lithologies, including flysch and marine sandstone and siltstone, and  possibly ultramafic rocks.  Parts of this tract are tentatively correlated with the Orca Group of Prince William Sound.

Important Examples of Deposit Type

No gold occurrences are known in this tract.

Rationale for Numerical Estimates 

No estimate of the number of undiscovered Chugach-type low-sulfide Au-quartz deposits has been attempted because of the lack of relevant geologic data.
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Mark3 Index :  95

Area:  1,721 km2   


Mean undiscovered deposits:  3.28

by  Donald Grybeck, Thomas D. Light, William J. Keith, Dennis P. Cox, Gregory K. Lee, and Jeffrey D. Phillips.

Rationale for Model Choice

The lode gold deposits in the Fairbanks district occur in a variety of host rocks that include felsic to intermediate plutonic stocks and various types of schist units.  The deposits have some of the characteristics of low-sulfide Au-qtz veins (Berger, 1986), polymetallic veins (Cox, 1986), simple antimony veins (Bliss and Orris, 1986), and Au-Sb veins (Berger, 1992),  but are much richer in Sb than most of the polymetallic veins in that model.  Locally, the Fairbanks Au-quartz veins grade into simple Sb veins having a  much higher gold content than is normal for the simple antimony model.  Some of these veins could be classified as low-sulfide Au-quartz veins, but locally have a much higher sulfide and sulfosalt content than Berger’s (1986) model.

Rationale for Tract Delineation

This tract was defined by the distribution of known deposits, and by the outcrop area of inferred permissive host rocks.

Important Examples of Deposit Type

The Cleary Hill, Hi-Yu, and Ryan Lode mines may be examples of gold-antimony veins in the Fairbanks area, although these mines have also been classified as low-sulfide gold-quartz veins (Berger, 1986).

Rationale for Numerical Estimates 

The expected tonnage and grade of the majority of the gold-bearing veins in the Fairbanks area probably most closely fit the distribution curves for the low-sulfide Au-qtz model (Berger, 1986), and several deposits in the east-central Alaska area, such as the Cleary Hill, Hi-Yu, and Ryan Lode mines, have been included in the that model.  We estimated that the number of undiscovered deposits that would fit the grade and tonnage curves for Au-Sb deposits (Berger, 1993) would be approximately one fourth of the number of low-sulfide Au-quartz veins for the same area (see tract AK-EC08).  The minimum number of undiscovered deposits, consistent with the grade and tonnage curves of (Berger, 1993) is:




Percentile

     90     50     10     5     1




Estimated number of deposits          1       3       5     8   12
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Mean undiscovered deposits:  5.07

by  Warren J. Nokleberg, Richard J. Goldfarb, and Warren Yeend.

Rationale for Model Choice

This tract, in the southern Yukon-Tanana Upland, is permissive for Late Cretaceous and early Tertiary Au-Sb vein deposits (Berger, 1993) because of favorable bedrock geologic units, known deposits, and stream-sediment geochemical anomalies (Sb, Pb, Au, As, Ag, Bi, W). The features of known deposits are typical of the gold-antimony deposit model of Berger (1993).

Rationale for Tract Delineation

The favorable geologic units for Au-Sb veins in this tract are the Devonian and Mississippian metasedimentary and lesser metavolcanic rocks of southern Yukon-Tanana terrane where metamorphosed to greenschist facies during major regional metamorphic event(s) ending in the mid-Cretaceous, and intruded by Upper Cretaceous and lower Tertiary granitic plutonic rocks of the Kluane arc. Two K-Ar ages suggest that granitic plutonism and associated Au-Sb vein mineralization occurred between 48.3 (Bundtzen, 1981) and 81 Ma.  The metasedimentary rocks in the region were mainly quartz-rich shale and siltstone, quartz sandstone, minor limestone, and marl. The metavolcanic rocks in the region were mainly andesite, but ranged in composition from rhyolite to basalt.  

The distribution of the geologic units defining the tract is adapted from Nokleberg and others (1994). The distribution of this belt of mineral deposits is adapted from MacKevett and others (1978) and Nokleberg and others (1987, 1993). This tract is the same area as for tract SC35 for plutonic porphyry Au deposits and tract SC-52 for porphyry Cu deposits. Mineral resource assessments of 250,000-scale quadrangles within the tract were done by Richter and others (1975), Singer and others (1977), Cox and others, 1989, and Nokleberg and others (1990).

Important Examples of Deposit Type

Au-Sb veins occur at Kansas Creek in the Healy quadrangle (Cox and others, 1989), and at Slate Creek, Eagles Den, Caribou Creek, and Stampede in the Kantishna district in the McKinley quadrangle (Capps, 1919; White, 1942; Barker, 1963; Bundtzen, 1981, 1983a). Local gold placer deposits in the Kantishna district in the tract may be derived in part from veins of this deposit type (Capps, 1919; Cobb, 1973; Bundtzen, 1981).

Rationale for Numerical Estimates

The tract is a large area that is partly covered by extensive glacial loess and dense vegetation. The existence of Au-Sb veins in the Healy and McKinley quadrangles in the northwestern part of the tract suggests that at least two undiscovered deposits probably occur in this tract.  The mineral resource team estimated the minimum number of undiscovered Au-Sb vein deposits, consistent with the grade and tonnage model of Berger (1993), to be:


Percentile


90
50
10
 5
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Estimated number of deposits
  2
  4
10
10
10
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AK-BR14


Placer Gold




Alaska 


Brooks Range

 

Descriptive Model:  39a
 Mark3 Index:  54

Area:   94,009 km2   

Mean undiscovered deposits:  (no estimate)


by  Jeanine M. Schmidt, Karen D. Kelley, Richard I. Grauch, Byron R. Berger, John W. Cady, Gregory T. Spanski, James E. Kilburn.  

Rationale for Model Choice

Placer gold (Yeend, 1986) can be expected to occur in unconsolidated deposits downstream from any of the gold‑bearing lode deposit types.  Therefore the placer gold permissive area is quite broad. 

Rationale for Tract Delineation

This tract is defined entirely by anomalously high Au values in lake sediments of the North Slope and Arctic coastal plain, as reported by the NURE program (Kelley and Sutley, 1993; Karen Kelley, USGS, written commun. 1994). These anomalous values suggest that the area is permissive for high-volume, low-grade, placer deposits containing very sparsely disseminated fine-grained gold in Quaternary and Tertiary(?)  lake sediments. 

Important Examples of Deposit Type

No deposits are known; the tract is defined by the anomalously high gold values.

Rationale for Numerical Estimates

No estimate of the number of undiscovered deposits has been attempted.

References

Kelley, K.D., and Sutley, S.J., 1993, Maps showing the geochemistry of sediment samples from the northern part of the Chandler Lake quadrangle, Alaska:  U.S. Geological Survey Miscellaneous Field Studies Map MF-2144D, scale 1:250,000

Yeend, Warren, 1986, Descriptive model of placer Au-PGE, in Cox, D.P., and Singer, D.A., eds., Mineral deposit models:  U.S. Geological Survey Bulletin 1693, p. 261.

AK03


Placer Gold



Alaska 

Descriptive Model:  39a
 

Mark3 Index:  54

Area:   942,218 km2   



Mean undiscovered deposits:  ????

by  Thomas D. Light, Donald Grybeck, Jeanine M. Schmidt,  Byron R. Berger, Marti L. Miller, Bruce M. Gamble, and Larry J. Drew.

Rationale for Model Choice

Placer gold has accounted about 24 million ounces, or more than 70%, of the gold production from Alaska (Bundtzen and others, 1996).  Placer gold (Yeend, 1986) can be expected to occur in unconsolidated deposits downstream from any of the gold‑bearing lode deposit types.  Therefore the placer gold permissive area is quite broad. 

Rationale for Tract Delineation

This composite tract comprises areas of unconsolidated deposits downstream from areas permissive for gold-bearing lode deposits.

Important Examples of Deposit Type

There are numerous important examples of placer gold deposits in Alaska, including deposits in the Fairbanks district, which produced more than 8 million ounces of gold, the Nome and Council districts, which together produced about 6 million ounces of gold, and the Iditarod and Circle districts, which each produced over a million ounces of gold.

Rationale for Numerical Estimates

Because of the long period of intense exploration and the geographically broad classification of placer districts, no new major districts are expected to be discovered.  It is expected that by appliying new technology and ideas, new deposits within the districts will be discovered, and that the districts will be extended.  Berg and others (1964) assessed the placer gold resources of Alaska.  They reported that 20 million ounces of gold had been produced from placer deposits in the state, and estimated that the remaining resources were “at least equal in quantity and grade to those that have been mined.”   We basically accepted their assessment and tried to express values for the different confidence levels.  The undiscovered placer gold resources, in million ounces, at various confidence levels is estimated to be:
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10
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Placer Gold




Alaska 

 
Brooks Range

 

Descriptive Model:  39a
 Mark3 Index:  54 

Area:   93,632 km2   

Mean undiscovered deposits:  (no estimate)


by  Jeanine M. Schmidt, Karen D. Kelley, Richard I. Grauch, Byron R. Berger, John W. Cady, Gregory T. Spanski, James E. Kilburn.

Rationale for Model Choice

The geologic setting and host rocks indicate that this tract is permissive for modern placer deposits as well as for preserved paleoplacer gold deposits as described by Yeend (1986).  Several small- to moderate-sized placer deposits and districts (?Tertiary to Quaternary) occur, and several Au-bearing lode deposits are known. 

Rationale for Tract Delineation

This tract comprises broad areas of Proterozoic(?) to Paleozoic mixed schists (predominately pelitic schists, and lesser quartzitic, mafic, calcareous, and carbonaceous schists), and sedimentary rocks of the Upper Devonian to Mississippian(?) Endicott Group (Brosge and others, 1988; Tailleur and others, 1967).  The mixed schists are host to rare low-sulfide Au-quartz veins, and apparently form the bedrock upstream of most of the extensive Quaternary placer Au deposits. The Endicott group, including the nonmarine Kekituk and Kanayut Conglomerates, the marine Noatak Sandstone and the Kayak and Hunt Fork Shales, generally produces a broad distinct aeromagnetic low, and contains scattered geochemical anomalies of Zn and Pb.  The sand-and conglomerate-dominant lithologies of the Endicott Group are consolidated, lithified equivalents of gravel and sand deposits.  They may contain preserved paleoplacer Au deposits, because they include both beach and alluvial facies, and were shed from a continental source (Nilsen, 1981; Moore and Nilsen, 1984).  

Important Examples of Deposit Type

This tract includes the Wiseman, Chandalar, Kiana, Shugnak, and Koyukuk placer gold districts.  The Lucky Six Creek, Little Squaw Creek, Nolan Creek, and Hammond River deposits are a few of the noteworthy placer deposits (Cobb, 1973; Dillon, 1982).

Rationale for Numerical Estimates

Because the lode sources and geomorphic setting of the existing placers have not been well established, and because the timing and genesis of the lode gold deposits is not known, no estimate of the number of undiscovered placer or paleoplacer deposits has been attempted.
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Placer Gold



Alaska 


West Central

 

Descriptive Model:  39a

 Mark3 Index:   54 

Area:   163,424 km2   


Mean undiscovered deposits:  (no estimate)


by  Bruce M. Gamble and Thomas D. Light

Rationale for Model Choice

Numerous areas in west-central Alaska are permissive for placer gold deposits.  The Seward Peninsula contains large placer gold deposits and numerous low-sulfide gold-quartz vein occurrences. The Koyukuk magmatic arc, Ruby and Nixon Fork terranes each contains small gold occurrences associated with plutons.

Rationale for Tract Delineation

On the Seward Peninsula, this tract includes all of the Nome Group rocks exclusive of high-grade (amphibolite and above) portions, which are confined to the mountain ranges.  The Nome Group consists chiefly of pelitic schist, calc-schist, pure and impure marble, graphitic quartzite and quartz-mica schist, and mafic schist.  Metamorphic grade within the tract is blueschist having a pronounced greenschist overprint (Till and others, 1986).  Known placer Au deposits and low-sulfide gold-quartz vein deposits are confined to these rocks. Stream sediment and panned concentrate samples commonly contain anomalous As and Sb, and, locally, Au, W, Bi, and other elements. 

Low-level gold geochemical anomalies are scattered across the Koyukuk magmatic arc, and gold lodes are associated with plutons throughout the area.  

Stream-sediment geochemical samples in the Ruby terrane, which comprises Precambrian(?) to lower Paleozoic pelitic schist, metabasites, quartzite, orthogneiss, and marble, locally show anomalous values of such metals as As, Zn, W, Cu, Au, Ag and Bi.  Stream-sediment samples in the  Nixon Fork terrane, which includes greenschist facies pelitic- and calc-schist, greenstone, and minor felsic metaplutonic and metavolcanic rocks, show scattered Au, Zn, and As anomalies.  

Mafic and ultramafic oceanic assemblages of the Kanuti, Tozitna, and Innoko subterranes are included in the tract because they contain phyllite and argillite of the Slate Creek thrust panel; pillow basalts, chert, gabbro, and diabase of the Narvak complex; and mafic-ultramafic rocks of the Kanuti complex (Patton and others, 1989b). The Narvak complex is the most common assemblage in west-central Alaska (Patton and others, 1989a).

Important Examples of Deposit Type

The famous placer gold deposits of the Nome and Council districts (Collier and others, 1908; Yeend, 1988)) are included in this tract, as well as the smaller Kougarok, McGrath, Hughes, Fairhaven, Ruby, Innoko, and Koyuk districts (Nokleberg and others, 1987).

Rationale for Numerical Estimates 

Because of the relative ease of exploring for placer gold deposits, much of the state has been thoroughly explored.  There is a low probability that major new placer districts will be discovered, but a few relatively small new deposits probably will be found.

No estimate of the number of undiscovered deposits was attempted.
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Placer Gold



Alaska 


East Central

 

Descriptive Model:  39a
 
Mark3 Index:   54 

Area:   93,722 km2   


Mean undiscovered deposits:  (no estimate)


by  Donald Grybeck, Thomas D. Light, William J. Keith, Dennis P. Cox, Gregory K. Lee, and Jeffrey D. Phillips.

Rationale for Model Choice

Placer gold can be expected to occur in unconsolidated deposits downstream from any of the gold‑bearing lode deposits, and therefore the  permissive area for placer gold is extensive.

Rationale for Tract Delineation

This tract, in east-central Alaska, is defined by the distribution of its known deposits (Cobb, 1973).

Important Examples of Deposit Type

The majority of placer gold production in east-central Alaska has been from the Fairbanks, Circle, Livengood (Tolovana), Fortymile, Rampart, and Hot Springs (Tofty) districts.   Placer deposits in the Fairbanks district have produced 8 million ounces of gold, the Circle district produced more than 1 million ounces of gold, and the other districts each produced 1/2 million or less ounces of gold ( Bundtzen and others, 1994).

Rationale for Numerical Estimates 

Exploring for placer gold deposits is relatively easy, and because of the numerous gold rushes from the 1890’s to the 1920’s much of the state has been thoroughly explored.  There is a low probability that major new placer districts will be discovered, but a few relatively small new deposits probably will be found. Such small placer gold deposits may be outside the known districts, and might be mined during periods of high gold prices.  No attempt was made to estimate the number of undiscovered deposits.
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Placer Gold



Alaska


South West

 

Descriptive Model:  39a
 
Mark3 Index:   54 

Area:   187,525 km2   


Mean undiscovered deposits:  (no estimate)


by  Marti L. Miller, Thomas K. Bundtzen, Dennis P. Cox, John E. Gray, and Jeffrey D. Phillips

Rationale for Model Choice

Placer gold (Yeend, 1986) can be expected to occur in unconsolidated deposits downstream from any of the gold‑bearing lode deposit types.  Therefore the placer gold permissive area for southwest Alaska is quite broad. In addition, glaciation over parts of the tract has redistributed unconsolidated deposits, possibly concentrating some into gold placers and eroding others.

Rationale for Tract Delineation

The placer gold tract encompasses most of southwestern Alaska.  It represents an extension of the peraluminous granite porphyry Au, epithermal vein, low-sulfide Au-quartz vein, and plutonic porphyry Au tracts, and in part the polymetallic vein tract.  A portion of the polymetallic vein tract was excluded because it contains no known placer occurrences despite relatively extensive placer exploration.  The placer gold tract was extended into a covered region of the Dillingham quadrangle because it contains one small granodiorite body and an indication in the geophysical data of unexposed plutons.  The eastern boundary of the tract is defined by the glacial front on the west flank of the Alaska-Aleutian Range.

Important Examples of Deposit Type
All of the known placer districts in southwestern Alaska are contained in the tract (Cobb, 1973).  They include the Goodnews Bay, Marshall, Aniak, and Iditarod districts, all of which are wholly contained within the region, and also the Innoko and McGrath districts, which straddle the boundary with the west-central region.

Rationale for Numerical Estimates
Because of the relative ease of exploring for placer gold deposits, much of the state has been thoroughly explored.  There is a low probability that major new placer districts will be discovered, but it is likely that a few relatively small new deposits will be found in the known districts.  No estimate of undiscovered resources was made.
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Placer Gold



Alaska


South Central

 

Descriptive Model:  39a

 Mark3 Index:   54 

Area:   266,047 km2   


Mean undiscovered deposits:  (no estimate)


by  Warren J. Nokleberg Dennis P. Cox, Richard J. Goldfarb, and Warren Yeend

Rationale for Model Choice

Placer gold can be expected to occur in unconsolidated deposits downstream from any of the gold‑bearing deposit types.  Therefore the permissive area for placer and paleoplacer gold is quite broad.  

Rationale for Tract Delineation

Excluded from being permissive are the following areas:  (1)prohibitively steep modern stream gradients; (2) elevations above approximately 1,600 m; (3) extensive ice-covered terrain; and (4) upper Tertiary and Quaternary volcanic rocks.  

Important Examples of Deposit Type

Eleven placer districts in the region have produced substantial placer gold (Cobb, 1964; MacKevett and others, 1978).  The most important of these is the Valdez Creek District, which has produced nearly 1/2 million ounces of gold (Bundtzen and others, 1994).

Rationale for Numerical Estimates 

Because of the relative ease of exploring for placer gold deposits, much of the state has been thoroughly explored.  There is a low probability that major new placer districts will be discovered, but it is likely that a few relatively small new deposits will be found in the known districts.  No estimate of the number of undiscovered deposits was attempted.
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Alaska Peninsula and Aleutian Islands

 

Descriptive Model:  39a
 
Mark3 Index:   54 

Area:   27,515 km2   


Mean undiscovered deposits:  (no estimate)


by  Frederic H. Wilson, Stanley E. Church, Richard W. Saltus, Lawrence J. Drew, and W. David Menzie. 

Rationale for Model Choice

Placer gold can be expected to occur in unconsolidated deposits downstream from any of the gold‑bearing lode deposit types.  Therefore, the placer gold permissive area is quite broad.  In addition, extensive glaciation over much of the tract area has mobilized unconsolidated deposits, possibly concentrating some into gold placers and eroding others.

This tract is permissive for porphyry copper deposits, and for polymetallic or epithermal gold veins.  Erosion of any of these deposit types could result in a placer gold deposit.

Rationale for Tract Delineation

This tract, on the Alaska Peninsula, includes Permian to Quaternary age rocks of the Chignik subterrane and overlap sequences.  Pre-Tertiary rocks are dominantly clastic and minor carbonate sedimentary rocks and very minor volcanic rocks.  Tertiary and Quaternary rocks are largely volcanic and volcaniclastic, and small plutons and stocks are widely distributed in the tract.

Important Examples of Deposit Type

The Mary Lou mine on Popof Island beach at Sand Point (Wilson and others, 1988) is an example of the small placer deposits that can be expected in this tract.  Additionally, shoreline placer occurrences on the Bering Sea coast, derived presumably from glacial deposits, are known but may be ephemeral.

Rationale for Numerical Estimates 

Because of the relative ease of exploring for placer gold deposits, much of the state has been thoroughly explored.  However, this part of the state is probably not as well explored as better known areas, and small deposits may yet be discovered.  There is a low probability that any major new placer districts will be discovered, but it is likely that a few relatively small new deposits will be found in the known districts.  A thorough understanding of Quaternary geologic history is necessary to a rational search for additional deposits in this tract.  No estimate of the number of deposits was attempted.
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Placer Gold



Alaska


Alaska Peninsula and Aleutian Islands

 

Descriptive Model:  39a
 
Mark3 Index:   54 

Area:   12,635 km2   


Mean undiscovered deposits:  (no estimate)


by  Frederic H. Wilson, Stanley E. Church, Richard W. Saltus, Lawrence J. Drew, and W. David Menzie. 

Rationale for Model Choice

Placer gold can be expected to occur in unconsolidated deposits downstream from any of the gold‑bearing lode deposit types.  Therefore the placer gold permissive area is quite broad.

Rationale for Tract Delineation

On western Kodiak Island, west of the Border Ranges fault, the bedrock is metamorphic, ultramafic, and plutonic rocks of Triassic and older ages (Moore, 1967). The central portion of Kodiak Island, southeast of the Border Ranges fault, consists of  Upper Cretaceous graywacke and mudstone of the Kodiak Formation and lower Tertiary plutons on the Kodiak Islands. The southeast portion of Kodiak Island comprises rocks of the Ghost Rocks, Sitkalidak, Sitkinak, and other Tertiary Formations, which consist of a variety of lithologies, including flysch and marine sandstone and siltstone, and possibly ultramafic rocks.  This latter area is tentatively correlated with the Orca Group of Prince William Sound.

Several occurrences of bedrock gold mineralization and of shoreline placer gold have been reported in this tract, which is overlain by fluvial and glacial deposits that are largely of local derivation.  Because of the glaciation and fluvial erosion and the known occurrence of shoreline placer gold, the area is considered permissive for placer gold deposits.

Important Examples of Deposit Type

Most of the placer occurrences northwest of the Border Ranges fault were in beach deposits, reworked from glacial deposits.  As such, they tend to be ephemeral and typically were mined during periods of low tide (Martin, 1913). Gold has been mined in small-scale operations from several localities, including Cape Alitak, along 50 km of beaches between Cape Alitak and Old Red River, and in the vicinity of Olga Bay (see Capps, 1937).  In the Orca Group-equivalent rocks, there are two reported placer occurrences: one each on Chirikof Island and Tugidak Island (see Smith, 1933); there also is an unsubstantiated report of PGE being dredged offshore of the tract at Cape Chiniak.

Rationale for Numerical Estimates 

Because of the relative ease of exploring for placer gold deposits, much of the state has been thoroughly explored.  There is a low probability that any major new placer districts will be discovered, but it is likely that a few relatively small new deposits will be found in the known districts.

There is inadequate information to estimate the number of undiscovered placer deposits.
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Southeast 
 Descriptive Model:  39a
Mark3 Index:  54 

Area:   973 km2   

Mean undiscovered deposits:  0.03

by  David A. Brew, Cliff D. Taylor, Robert C. Jachens, Richard D. Koch, Donald Grybeck, James L. Drinkwater, David F. Barnes, and Larry J. Drew

Rationale for deposit type selection:

Small placer Au-PGE deposits have been exploited throughout southeastern Alaska, particularly in association with low-sulfide- gold-quartz vein districts, but the Porcupine Creek area is the only one that continues to be of interest.

Rationale for tract delineation:

This tract includes the Porcupine Creek drainage basin and is defined by the distribution of deposits and occurrences, and the distribution of extensive recent stream-gravel deposits (Brew and others, 1991).  Because of both steep topography and the scouring effects of the Pleistocene ice sheets and glaciers, other parts of southeastern Alaska generally do not have large accumulations of gravels in proximity to lode gold deposits and past placer operations have been generally small and short-lived.  

Important examples of deposit type:

Porcupine Creek and McKinley Creek are examples of placer gold deposits in this tract.

Rationale for numerical estimate:

Permissive sediment types and the occurrence of known placer deposits were the main basis for the estimate.  The estimated minimum number of placer gold deposits, consistent with the grade and tonnage model of Orris and Bliss (1986), expected to occur in this tract is:
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Estimated number of deposits
 0
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  0
0
1
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AK-BR12



Plutonic Porphyry Au

Alaska 


Brooks Range

 

Descriptive Model:  43


 Mark3 Index:   43

Area:   9,782 km2   


Mean undiscovered deposits:  (no estimate)


by  Jeanine M. Schmidt, Karen D. Kelley, Richard I. Grauch, Byron R. Berger, John W. Cady, Gregory T. Spanski, James E. Kilburn.

Rationale for Model Choice

Proterozoic, Devonian or Cretaceous granitic plutons in the Brooks Range are permissive for plutonic porphyry Au as described by Hollister (1992).  Although no deposits of this type are known, and petrologic and geochemical information on the plutons is limited or absent, the geologic setting and general rock types are appropriate for plutonic porphyry Au deposits.  Numerous small occurrences of contact metasomatic skarns or disseminated and veinlet base metal mineralization are known in the area.  

Rationale for Tract Delineation

This tract comprises all the Proterozoic, Devonian or Cretaceous granitic plutons in the Brooks Range, and includes all potential host rocks within 5 km of the plutons.  The geochemical data from stream sediment samples show an anomalous Sn-W-Mo association in addition to the base metals Cu-Pb-Zn. 

Important Examples of Deposit Type

There are no known plutonic porphyry Au deposits in this tract

Rationale for Numerical Estimates

There is insufficient geologic or mineral deposit information to estimate the numbers of undiscovered mineral deposits in this tract.
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AK-EC14


Plutonic Porphyry Au


Alaska


East Central

 

Descriptive Model:  43

 
Mark3 Index:   43

Area:   84,106 km2   


Mean undiscovered deposits:  3.35

by  Donald Grybeck, Thomas D. Light, William J. Keith, Dennis P. Cox, Gregory K. Lee, and Jeffrey D. Phillips.

Rationale for Model Choice

The Fort Knox deposit near Fairbanks is the potentially the largest lode gold deposit ever found in Alaska, and is the type example of this model.  

Rationale for Tract Delineation

The plutonic porphyry Au deposit is a relatively new model (Hollister, 1992), and the composition, age, and other variables that constrain the permissive plutons are not well defined.  The Fort Knox deposit is in a granitic to granodioritic stock having an age of about 93 Ma (Newberry and others, 1995).  It is not clear, however, what the age range or composition of other possible host stocks may be.  Therefore, this tract is defined by the distribution of known or inferred felsic to intermediate plutons in east-central Alaska.  If undiscovered deposits of this type are near the surface, placer gold is probably the best indicator.

Important Examples of Deposit Type

The Fort Knox deposit in the Fairbanks occurs in a small zoned stock of granite to granodiorite composition.  Native gold is disseminated along fractured zones associated with quartz veins.  Sulfides are rare; trace amounts of bismuthinite and bismuth tellurides are common (Bauman, 1990).  The deposit is being developed as a bulk-tonnage, low-grade mine with published reserves of 158 million tonnes containing 0.83 grams per tonne (Bundtzen and others, 1994).  The True North deposit is in the Livengood quadrangle.  

Rationale for Numerical Estimates 

The Fort Knox deposit has reported reserves of more than 4 million ounces of gold (Bundtzen and others, 1994).  The estimated minimum number of undiscovered plutonic porphyry Au deposits, consistent with the deposit data reported by Hollister (1992), is:




Percentile


90
50
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Estimated Number of deposits
 1
 3
 5
 9
13
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AK-SW13


Plutonic Porphyry Au


Alaska


South West

 

Descriptive Model:  43

 

Mark3 Index:   43

Area:
67,723 
km2



Mean undiscovered deposits:  6.62

by  Marti L. Miller, Thomas K. Bundtzen, Dennis P. Cox, John E. Gray, and Jeffrey D. Phillips.

Rationale for Model Choice

This tract contains numerous Cretaceous and Tertiary calc-alkaline stocks that may host plutonic porphyry Au deposits as described by Hollister (1992).   Quartz stockwork vein systems that locally carry gold, scheelite, molybdenite, and bismuth (Bundtzen and others, 1992; Bundtzen and Miller, 1997) are associated with some of the stocks.

Rationale for Tract Delineation

This tract trends northeast from the Bethel quadrangle to the McGrath quadrangle, and continues into the west-central region.  The tract is defined by the Kuskokwim Mountain belt, which features volcano-plutonic complexes (and related stocks), gold-quartz vein deposits, and favorable geochemical data (Bundtzen and Miller, 1997).  

Important Examples of Deposit Type

This tract contains several gold deposits including those at Chicken Mountain and Golden Horn (Bundtzen and others, 1992) in the Iditarod quadrangle, and at Vinasale Mt. (DiMarchi, 1993) in the McGrath quadrangle.  Although these deposits are plutonic-related, it is not clear what model(s) they represent.

Rationale for Numerical Estimates

Assuming a mean tonnage and grade of about 15 million tons averaging 1 gram per ton Au, similar to the size of the Chicken Mountain deposit (Bundtzen and others, 1992), estimates of the minimum number undiscovered deposits are as follows:



Percentile
             

90     50     10      5       1
 



Estimated number of deposits    
  3       6     10     15     20 
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AK-WC16


Plutonic Porphyry Au


Alaska 


West Central

 

Descriptive Model:  43

 

Mark3 Index:   43

Area:
9,976 km2



Mean undiscovered deposits:  (no estimate)

by  Marti L. Miller and Thomas K. Bundtzen

Rationale for Model Choice

This tract contains numerous Cretaceous and Tertiary calc-alkaline stocks that may host plutonic porphyry Au deposits as described by Hollister (1992).   It is a continuation of a tract defined for southwest Alaska.

Rationale for Tract Delineation

This tract trends northeast through the Ophir, Medfra, Nulato, and Ruby quadrangles, and is contiguous to the tract in the southwestern region.  It is defined by the Kuskokwim Mountain belt, which features volcano-plutonic complexes (and related stocks), gold-quartz vein deposits, and favorable geochemical data (Bundtzen and Miller, 1997).  

Important Examples of Deposit Type

There are no known porphyry gold deposits in this tract; however, the contiguous tract in the southwest region contains several plutonic-related gold deposits including those at Chicken Mountain and Golden Horn (Bundtzen and others, 1992) in the Iditarod quadrangle, and at Vinasale Mt. (DiMarchi, 1993) in the McGrath quadrangle.  

Rationale for Numerical Estimates

No estimate of the number of undiscovered porphyry gold deposits for this tract was attempted.
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AK-SC24


Plutonic Porphyry Au


Alaska


South Central

 

Descriptive Model:  43

 
Mark3 Index:   43

Area 46,929 km2   


Mean undiscovered deposits:  4.33

by  Warren J. Nokleberg, Dennis P. Cox,  Richard J. Goldfarb, David L. Campbell, and Warren Yeend.

Rationale for Model Choice

This tract, in the southern Yukon-Tanana Upland, is permissive for Late Cretaceous and early Tertiary plutonic porphyry Au deposits (Hollister, 1992) because of favorable bedrock geology, a known mine, and geochemical anomalies (Au, As, Au).

Rationale for Tract Delineation

The tract is delineated by the distribution of deposits and of the Upper Cretaceous and possibly lower Tertiary (80-100 Ma) granitic plutons, dikes, and sills of the Kluane arc.  The plutonic prophyry Au deposits are associated with polymetallic vein and Sb-Au polymetallic veins. Some known and possibly concealed granitic plutons in the tract are delineated by large, blotchy magnetic highs and (or) eU or eTh cells interpreted from sparse data on radiometric maps. For simplicity, the tract is restricted to the area east of the Delta River and north of the Tanana River where deposits of this type are known.

The distribution of the geologic units defining the tract is adapted from Nokleberg and others (1994). The distribution of this belt of mineral deposits is adapted from MacKevett and others (1978) and Nokleberg and others (1987, 1993). This tract is coincident with tracts described as permissive for porphyry Cu deposits and for gold-antimony vein deposits.  Mineral resource assessments of 250,000-scale quadrangles within the tract were done by Richter and others (1975), Singer and others (1977), Cox and others (1989), and Nokleberg and others (1990). 

Important Examples of Deposit Type

The Democrat mine in the Richardson district (Bundtzen and Reger, 1977; Nokleberg and others, 1993) is an important example of this deposit type, and may be similar to the Fort Knox plutonic porphyry Au deposit near Fairbanks(Robinson and others, 1990; Hollister, 1992). Placer Au mines in the Bonnifield, Delta River, and Kantishna districts in the region (Capps, 1912, 1919; Smith, 1941; Rose, 1965; Cobb, 1973; Gilbert and Bundtzen, 1979; Bundtzen, 1981; Nokleberg and others, 1990) may in part be derived from plutonic porphyry Au deposits.

Rationale for Numerical Estimates

Much of the tract is covered by glacial loess and dense vegetation, which may obscure additional porphyry Au deposits. Favorable geological and geochemical data suggest that at least one additional undiscovered deposit probably occurs in the tract.  The mineral resource team estimated the minimum number of undiscovered deposits, consistent with a tonnage and grade model constructed from deposit data reported by Hollister (1992), to be:
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Estimated number of deposits   
   
  1 
 5 
  7
7
7
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AK-SC05


Cu-Ag quartz veins 


Alaska


South Central

 

Descriptive Model [no number]
Mark3 Index:  (none)

Area:  25,441 km2  


Mean undiscovered deposits:  (no estimate)



by  Warren J. Nokleberg, Dennis P. Cox, David L. Campbell, and Warren Yeend.

Rationale for Model Choice

Tract AK-SC05 in the Alaska Range and Wrangell Mountains is permissive for Cu-Ag quartz vein deposits because of favorable bedrock geology, known mines and occurrences, geochemical anomalies (Cu, As, Au, Ag, Hg), and locally abundant chalcopyrite and bornite in stream-sediment samples. The Cu-Ag quartz vein deposit type (Nokleberg and others, 1993) consists of Cu sulfides and accessory silver in quartz veins and disseminations in weakly regionally metamorphosed mafic igneous rocks, mainly basalt and gabbro, and in lesser andesite and dacite.  The depositional environment is low-grade metamorphic belts.  The veins are generally late-stage metamorphic.  The deposit minerals include chalcopyrite, bornite, lesser chalcocite, and rare native copper.  Alteration minerals include epidote, chlorite, actinolite, albite, quartz, and zeolites.

Rationale for Tract Delineation

This tract is delineated by the distribution of deposits and by the outcrop areas of Upper Triassic sedimentary and mafic volcanic rocks, and of older sedimentary and volcanic rocks of Wrangellia terrane that show pervasive, lower greenschist facies metamorphism of probable mid-Cretaceous age. This deposit type was established for this tract (Nokleberg and others, 1987, 1993); the deposits may be associated with formation of Kennecott Cu deposits (Tract AK-SC01) (Nokleberg and others, 1993).

The distribution of the geologic units defining the tract is adapted from Nokleberg and others (1994). The distribution of this belt of mineral deposits is adapted from MacKevett and others (1978) and Nokleberg and others (1987, 1993). Mineral resource assessments of 250,000-scale quadrangles within the tract were done by Richter and others (1975), MacKevett (1976), Singer and others (1977, 1980), Cox and others (1989), and Nokleberg and others (1990).

Important Examples of Deposit Type

The Nugget Creek and Nikolai occurrences (Moffit and Capps, 1911; Miller, 1946; MacKevett, 1976) in the McCarthy quadrangle, and the Kathleen-Margaret mine in the Mount Hayes quadrangle (MacKevett, 1965) are examples of Cu-Ag quartz vein deposits in the tract. Many other smaller occurrences and prospects of this deposit type occur in the tract.

Rationale for Numerical Estimates

No tonnage and grade model exists for the Cu-Ag quartz vein deposit type, and no estimate of the number of undiscovered deposits was attempted.
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AK-BR17

Zn-Pb-Ag veins (Brooks Range type)

Alaska 


Brooks Range

 

Descriptive Model:   (none)

Mark3 Index:  (none) 

Area:   59,440 km2   


Mean undiscovered deposits:  (no estimate)

by  Jeanine M. Schmidt, Karen D. Kelley, Richard I. Grauch, Byron R. Berger, John W. Cady, Gregory T. Spanski, James E. Kilburn.

Rationale for Model Choice

Several dozen vein-breccia occurrences of this type help define this Brooks Range tract (Schmidt and Werdon, 1993).  The deposits consist of color banded sphalerite growing in apparent open-space filling veins and surrounding wall rock clasts in simple breccias up to several meters in width.  Quartz and argentiferous galena infill open space in both veins and breccias; in rare cases more than one generation of brecciation or veining are indicated.  Alteration associated with the mineralization is limited to minor de-carbonation of wall rocks (only in marine sandstones with calcareous cement), minor silicification  rare muscovite formation within microns to millimeters of the vein walls. This deposit model is apparently unique to the Brooks Range, but has similarities to the Shawangunk deposits of New York and vein breccia deposits at Bad Grund, Germany. There is NO spatial or genetic association of these veins with either volcanic or plutonic igneous rocks, which distinguishes them from the  igneous-related polymetallic vein model.  The Pb-Zn-Ag veins are probably derived by dewatering of a large clastic sedimentary basin (such as the Late Devonian to Mississippian Endicott Group).

Rationale for Tract Delineation

This tract includes all known exposures of sedimentary rocks of the Upper Devonian to Mississippian(?) Endicott Group.  These rocks include the nonmarine Kekituk and Kanayut Conglomerates, the marine Noatak Sandstone and the Kayak and Hunt Fork Shales.  These units generally produce a broad distinct aeromagnetic low, and contain only scattered geochemical anomalies of Zn and Pb.  

Important Examples of Deposit Type

Mineral occurrences such as Husky, Story Creek, Whoopee Creek, and Kady are examples of Brooks Range type Pb-Zn-Ag veins in quartzites and siltstones (Schmidt, 1997).  No vein-breccia deposits cut rocks older than Late Devonian (Frasnian), or younger than Early Mississippian (Kinderhook Kayak Shale and Isikut Formation), suggesting that their age of formation is Early to Middle Mississippian.

Rationale for Numerical Estimates

Because no grade and tonnage data are available for any of the vein breccia occurrences, no local grade-tonnage distribution curve could be constructed.  No attempt was made to estimate the number of undiscovered deposits. 
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AK-SW05
                Peraluminous Granite Porphyry Gold Deposits     Alaska


South West

 

Descriptive Model:  (none)  
Mark3 Index :  120

Area:   36,097 km2   
Mean undiscovered deposits:  (no estimate)


by Marti L. Miller, Thomas K. Bundtzen, Dennis P. Cox, John E. Gray, and Jeffrey D. Phillips. 

Rationale for Model Choice

Gold-bearing deposits in this tract are associated with Upper Cretaceous and lower Tertiary peraluminous granite porphyry and rhyolite dikes that intrude Cretaceous turbidite and volcanic rocks.  Little is known about these occurrences, but they appear to represent a distinct model type, herein called peraluminous granite porphyry gold deposits.  The peraluminous granite porphyry gold deposits have some features in common with polymetallic veins (Cox , 1986) and felsic intrusion-associated veins (Sangster, 1984), but their association with peraluminous dikes across much of southwest Alaska (Bundtzen and Miller, 1997) makes designation of a distinct model type more useful in understanding and predicting their occurrence.  The felsic dikes are probably structurally controlled, but their origin is unknown.  The model is more fully described by Bundtzen and Miller (1997).

Rationale for Tract Delineation

The extent of the permissive tract is defined by the known or inferred distribution of peraluminous granite porphyry dikes intruding the turbidites of the Cretaceous Kuskokwim Group or the volcanic and sedimentary rocks of the Yukon-Koyukuk terrane.  The dikes are granitic in composition, contain about equal amounts of plagioclase and potassium feldspar, and range from porphyritic to aphanitic.  They are depleted in heavy REE, and have high Rb/Sr ratios, suggesting a possible crustal melt source (Miller and Bundtzen, 1994). As further information becomes known, the permissive area for deposit occurrences of this type may be revised.

Important Examples of Deposit Type

Examples of this deposit type include the Stuyahok occurrence in the Holy Cross quadrangle (Miller and others, 1996) and the Donlin Creek deposit in the Iditarod quadrangle.  Exploration and drilling at Donlin Creek yielded a preliminary resource of 3.6 million ounces of gold (Dodd, 1996).

Rationale for Numerical Estimates 

Insufficient geologic information about the distribution of deposits, or about the controls for ore genesis preclude the possibility of estimating quantity or size of undiscovered deposits, but additional deposits are expected. 
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Mark3 Index:  120

Area:  6302 km2                  
Mean undiscovered deposits:   not estimated

by Thomas D. Light and Marti L. Miller

Rationale for Model Choice

Gold occurs in placer PGE deposits derived from the Jurassic Goodnews Bay ultramafic complex (Cobb, 1973; Foley and others, 1997).  Alaskan PGE deposits (Page and Gray, 1986) are inferred to be the source of the precious metals.

Rationale for Tract Delineation

This tract is delineated by the extent of the Mesozoic and Paleozoic of island arc sequences or associated oceanic rocks.  These units are known to host ultramafic rocks in the vicinity of Goodnews Bay.  

Important Examples of Deposit Type

The Goodnews Bay complex is an Alaskan-PGE type system that shows well-developed concentric zoning (Bird and Clark, 1976).   This complex was the source for the platinum group elements in the Goodnews Bay placer deposits, which also yielded over 900,000 grams of Au (Yeend and others, 1986).

Rationale for Numerical Estimates

No attempt was made to estimate the number of undiscovered Alaska-PGE type deposits for this tract.
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by David A. Brew

Rationale for Model Choice

All of these tracts consist of ultramafic and mafic rocks that are the "type" Alaskan-type mafic-ultramafic complexes. As such, the deposits and occurrences in these tracts define the model.

Rationale for Tract Delineation

This tract includes the tracts designated as  by Brew and others (1991, 1996) as 08CR, 11CR, 09KC, 15KC, 10PE, 17PE, 03PR, 13SK, 15SK, 02SD, and 07SD. Those tracts, and therefore this composite tract, were delineated by a combination of criteria: (1) distribution of known deposits of this type, (2) distribution of geologic map units considered to be permissive for this deposit type, and (3) geophysical signature. Re (1): Known deposits with calculated resources that occur in these rocks include Union Bay, Kasaan-Salt Chuck, Yellow Hill, Blashke Islands, Duke Island, Snettisham, Klukwan, and Haines. Re (2):  As described above, all of these deposits are in Alaskan-type mafic-ultramafic complexes, whose boundaries define the tracts. Re (3): All of these host mafic-ultramafic bodies have prominent steep-sided aeromagnetic and gravity anomalies associated with them.

Important Examples of Deposit Type

Union Bay, Kasaan-Salt Chuck, Duke Island, Snettisham, and Klukwan are all examples of Alaskan PGE deposits.

Rationale for Numerical Estimates

Consistent numerical estimates of 0.05 probability of one or more deposits were made for the Union Bay (08CR), Snettisham (02SD), and Turn Mountain (07SD) tracts. These estimates were largely based on the extent of exploration and focused on the Fe and Ti content of the deposits.
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Mean undiscovered deposits: 0.1

by David A. Brew

Rationale for Model Choice

This model (Page, 1986) was selected because it best fit the combination of tectonic environment, deposit mineralogy, and host rocks of this tract and its subtracts. There was some discussion, though, as the fit isn't perfect!

Rationale for Tract Delineation

This tract includes the tracts designated as 09JU, 04MF, 10MF, 01SI, and 08SI by Brew and others (1991, 1996). Those tracts, and therefore this composite tract, were delineated by a combination of criteria: (1)

distribution of known deposits of this type, (2) distribution of geologic map units considered to be permissive for this deposit type, and (3) geophysical signature. Re (1): Each of the subtracts of this composite tract contains deposits or occurrences of the type assigned to the deposit model. Re (2) The boundaries of the permissive map units are the delineating factors. Re (3): Each of these subtracts have known significant

geophysical anomalies.

Important Examples of Deposit Type

Examples of this deposit type include Bohemia Basin, on Yakobi Island (subtract 01SI), Brady Glacier (subtract 09MF, no undiscovered deposits estimated for this tract, however), and Mertie Lode (subtract 09JU).

Rationale for Numerical Estimates

Significant numerical estimates were made only for the areas considered to be most like Brady Glacier (subtract 04MF at Mt. Fairweather) and Bohemia Basin (subtract 01SI). In both of those areas it was estimated that there was a 0.5 probability of one or more deposits and lesser probabilities of more deposits. Other areas were considered to have only lower probabilities.  For the entire tract, the mineral resource team estimated the minimum number of undiscovered deposits, consistent with a tonnage and grade model of Singer, and others (1986), to be:
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Mean undiscovered deposits:  (no estimate)

by Warren J. Nokleberg, Richard J. Goldfarb, and David L. Campbell.

Rationale for Model Choice

This tract, in the eastern Alaska Range, Nutzotin, and Wrangell Mountains, is permissive for Late Triassic gabbroic Ni-Cu deposits because of favorable bedrock geology, one known deposit, geophysical anomalies, and geochemical anomalies (Cu, Ni). The gabbroic Ni-Cu deposit type is a modification by Nokleberg and others (1987) of the synorogenic-synvolcanic Ni-Cu deposit type of Singer and others (1986) in Cox and Singer (1986).

Rationale for Tract Delineation

The favorable geologic units for the tract are the Upper Triassic Nikolai Greenstone and subjacent units of the Wrangellia terrane where intruded by coeval mafic and ultramafic plutons, dikes, and sills, such as the Fish Lake complex in the Mount Hayes quadrangle (Nokleberg and others, 1992). In the eastern Alaska Range, Nutzotin Mountains, and Wrangell Mountains, the Nikolai Greenstone, which also contains coeval mafic and ultramafic rocks, is up to 4350 m thick and consists mainly of massive, subaerial, amygdaloidal basalt flows, lesser pillow basalt flows, and thin beds of argillite, chert, and mafic volcaniclastic rocks (Nokleberg and others, 1994c, d). The flows are predominantly intermixed aa and pahoehoe flows; individual units range from 5 cm to more than 15 m thick. The Nikolai Greenstone is a thick and vast unit of submarine and subaerial Middle and Upper Triassic tholeiitic basalt and associated mafic and ultramafic sills and that forms a major part of the Wrangellia terrane. The Nikolai Greenstone and associated mafic and ultramafic plutonic rocks are interpreted as forming during a short-lived period of rifting or oceanic plume activity within the Wrangellia island arc terrane (Nokleberg and Lange, 1985; Nokleberg and others, 1984, 1985; 1987, 1989, 1994c, d, e, Plafker and others, 1989).

The distribution of the geologic units defining the tract is adapted from Nokleberg and others (1994d, e; 1997). The distribution of this belt of mineral deposits is adapted from MacKevett and others (1978), and Nokleberg and others (1987, 1993, 1994a, b, 1996, 1997). Mineral resource assessments of 250,000-scale quadrangles within the tract were done by Richter and others (1975), Singer and others (1977), Reed and others (1979), Cox and others (1989), and Nokleberg and others (1990, 1991).

Important Examples of Deposit Type

The Fish Lake and Wellgreen deposits are classified by Nokleberg and others (1996) as gabbroic Ni-Cu deposits. The Fish Lake gabbroic Ni-Cu deposit (63 13 00N, 146 48 00W: Nokleberg and others, 1984; I.M. Lange and W.J. Nokleberg, unpublished data, 1985; Nokleberg and others, 1991, 1996) consists of chromite, disseminated and in wispy layers, in serpentinized olivine cumulate. The occurrence occupies a zone up to 15 km long along strike and up to 2 km wide, and contains locally anomalous Cu and Ni in stream-sediment and rock samples. Isolated grab samples contain greater than 0.5% Cr and up to 0.3% Ni. This gabbroic Ni-Cu occurrence is hosted by small- to moderate-size gabbro plutons and local cumulate mafic and ultramafic rocks. The mafic and ultramafic rocks intrude the Nikolai Greenstone and older rocks, and are interpreted as being co-magmatic with the mafic magmas that formed the Middle and Upper Triassic Nikolai Greenstone.

The Wellgreen gabbroic Ni-Cu deposit (61 28 00N, 139 31 18W: Campbell, 1976; Nokleberg and others, 1984; Hulbert and others, 1988; EMR Canada, Nokleberg and others, 1989, 1991, 1996; Mining Review, 1991) contains reserves of 50 million tonnes grading 0.36% Ni, 0.35% Cu, 0.51g/t Pt, 0.34 g/t Pd. The deposit consists of massive pyrrhotite, pentlandite, chalcopyrite and magnetite lenses that are scattered along the footwall contact of a steeply dipping fault zone in gabbroic rocks of the Upper Triassic Quill Creek Complex. The deposit occurs within a 130 km belt of Ni-Cu-Co-PGE occurrences that are hosted in the Pennsylvanian Skolai Assemblage that includes the Canalask deposit at White River. Cu-Ni sulfides are disseminated within mafic dikes and peridotite. Production occurred in 1972-73. The deposit age is interpreted as Late Triassic.

Rationale for Numerical Estimates 

Because only two widely-separated deposits are known, and because the occurrence of mafic and ultramafic plutons, dikes, and sills in the Nikolai Greenstone is very erratic, this tract is considered to be permissive. No estimate of undiscovered gabbroic Ni-Cu was attempted.
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by Warren J. Nokleberg, Richard J. Goldfarb, and David L. Campbell.

Rationale for Model Choice

This tract, in the northern Chugach Mountains, is permissive for Upper Triassic and Lower Jurassic gabbroic Ni-Cu deposits because of favorable bedrock geology, one known deposit, geophysical anomalies, and geochemical anomalies (Cu, Ni). The gabbroic Ni-Cu deposit type is a modification by Nokleberg and others (1987) of the synorogenic-synvolcanic Ni-Cu deposit type of Singer and others (1986) in Cox and Singer (1986).

Rationale for Tract Delineation

The favorable geologic units for the tract are mafic and ultramafic plutonic rocks of the Border Ranges ultramafic-mafic complex of the southern part of the Peninsular terrane (Burns, 1985; Plafker and others, 1989; DeBari and Coleman, 1989; Nokleberg and others, 1994c). The tract occurs along the northern margin of Kodiak Island, on the Kenai Peninsula, and along the northern flank of the Chugach Mountains in coastal southern Alaska (Foley and Barker, 1985; Foley and others, 1985, 1987). This belt occurs sporadically along a strike distance of several hundred kilometers from Kodiak Island to the southwest to the eastern Chugach Mountains to the east.

The mainly Lower Jurassic Border Ranges ultramafic and mafic assemblage constitutes an igneous belt of ultramafic tectonites and cumulate gabbro and norite that occurs along the southern, faulted margin of the Peninsular sequence of the Wrangellia island arc superterrane immediately north of the Border Ranges fault system (MacKevett and Plafker, 1974; Burns, 1985; Plafker and others, 1989; Nokleberg and others, 1989,1994c, d, e). The ultramafic and mafic rocks are interpreted as the deep-level root of the mainly Jurassic Talkeetna island arc of the Peninsular sequence of the Wrangellia superterrane. This sequence consists of the Lower Jurassic marine andesite volcanic rocks of the Talkeetna Formation and the Middle Jurassic plutonic rocks of the Alaska-Aleutian Range batholith. If these interpretations are correct, this tract is permissive for a deep-level suite of lode deposits formed in the Talkeetna island arc that is a key component of the Peninsular sequence. The Lower and Middle Jurassic island arc rocks of the Peninsular sequence of the Wrangellia terrane are tectonically linked to a discontinuous belt of Lower Triassic blueschist and to the McHugh Complex, a pair of partly coeval subduction zone units that occur along the northern margin of the Chugach terrane (Plafker and others, 1989; Nokleberg and others, 1994c, d, e).

The distribution of the geologic units defining the tract is adapted from Nokleberg and others (1994b, c, d, e). The distribution of this belt of mineral deposits is adapted from MacKevett and others (1978), and Nokleberg and others (1987, 1993, 1994a, 1996, 1997). Mineral resource assessments of 250,000-scale quadrangles within the tract were done by Goldfarb and others (1995).

Important Examples of Deposit Type

The Spirit Mountain deposit (61 18 30N, 144 12 45W: Kingston and Miller, 1945; Herreid, 1970; Nokleberg and others, 1996) is classified by Nokleberg and others (1996) as a gabbroic Ni-Cu deposit. The Spirit Mountain gabbroic Ni-Cu deposit (Nokleberg and others, 1984; Nokleberg and others, 1991) contains at least 11,000 tonnes ranging up to 6.2 % Ni and 3.4 % Cu and 0.04 % Co. (Average 0.88 % Ni and 0.9 % Cu) The deposit consists of disseminated and locally massive pyrrhotite, pyrite, chalcopyrite, pentlandite, and ullmannite (a sulphantimonide of nickel), bravoite, and minor to trace galena and sphalerite in gabbro, peridotite, and hornblendite sills and dikes that cut Mississippian Strelna Formation with an east-west trend. Ultramafic and mafic rocks may be part of the Lower Jurassic or older, informally named Border Ranges ultramafic and mafic complex of Burns (1985). The sills and dikes are believed to intrude along a major thrust fault that juxtaposes a foliated quartz diorite pluton and the upper Paleozoic rocks. The deposit(s) occur as a series of lenses 1-3 m thick that extend along strike for about 2 km. Explored with trenches, pits, and two short tunnels.

Rationale for Numerical Estimates 

Because only one deposit is known, this tract is considered to be permissive. No estimate of undiscovered gabbroic Ni-Cu was attempted.
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