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INTRODUCT (ON

The value of 197] minaral production in Alaska is ostimatod
at $356 million compared with $338 miiiion In 1970, Crude oil and gus
accounted for $287 million or 86 percant of fotal minoral production.

Alaska's 1971 mineral production, excluding oi! and gas, reachec
an all Time high of $69 million, a 38 percent increase over the 1970
figure of $43 million. Part of this increase was due To the pro-
duction of uranium at Kendrick Bay (Ross=Adams Mina).

Fossil Fuels==Coal

The present production of coal in Alaska is limited by ioce
market demand to about 750 thousand short tons a year. Most of Thic
production is from the Nenana coal field near Fairbanks. New expio-
ration and mining activities inciude a new mine opened in the fail
of 1971 in the eastern part of Nenana. The major portion of the
exploratory dollars was expended in the Beluga section of the
Susitna field.

" The United States Bureau of Mines is active in 1972 with a core
drilling program on the North Siope.

Large quantities of Alaska's coal Tesources can be producea by
strip mining at relatively low mining costs. |t is estimated Tthat
know strippable reserves in the Susitna field alone approach 2 opillion
short tons. ~Less is known about the North Slope coal fields where
coal crops out along stream drainages and on ocean biuffs. However,
it is expected that coal reserves that can be mined by open pit
mining are very large. The future development of the coal rich areas
are partially dependent on new processes--coal liguefaction and -
enriched coal gas--that will process coai anfo an easily transported

. commodity.

Fossil Fuels=-~0il and Gas

Crude oil and natural gas from the Kenai Peninsula and offshore Cook

inlet fields continued in 1971 at approximately the same rates as for
1970. The known petroleum fields are fully developed and production

cannot be expected to increase until North Siope oil from the Pruhdoe
field begins to flow.

it has been estimated in a federal government study that A.aska
contains more than 20 percent of the United States estimated oii and
gas resources. Some 600 biliion of an estimated 2900 billion barrels
of oil are said to be in the onshore and continental shelf basins of
Alaska.

The Naval Petroleum Reserve No. 4 to the west of the Prudhoe
Oil Field and the wilderness area to the east of this field are
both considered prime areas for oil exploration.



Sedimentary basins and the potential for oil and gashproduction
from these basins are summarized in this report.

’ - fﬂ

Motallic Menerals ‘

i This report outlines the areas where mineralization and past

“ production may stimulata exploration leading to the discovery of
oro bodles In thae future. Sevoral largoe low grade ore bodioes In
Alaska--copper at Orange Hill, lron at Klukwan, for example, are
potentially commaercial depending on the demand for the metals which
in turn is related to the price--cost structure. The ore body at
Lost River Is an example of a fluorite-tin deposit being developed
primarily for fluorite--a nonmetallic mineral in growing demand.

Nine individual areas have been summarized with attached geo-
logic maps and in some cases cross sections. These areas were chosen
as representative of particular geologic situations or as representing
examples of past production.

The Bokan Mountain (Ross Adams uranium=thorium mines) represents
the only area in Alaska that has commercially produced uranium. There
are numerous other prospects in the area and further prospecting may
lead to additional deposits., The Kasaan Peninsula is a belt of
mineralization with related magnetite-copper deposits. Brady Glacier,
a nickel-copper deposit represents a layered intrusive. The Klukwan
iron deposit is a large magnetite enriched pyroxenite. The Kennecott
Mines produced from bonanza replacement ores near the contact of the
Chitistone limestone and the Nikolai greenstone. This contact is
traceable for many miles and other Kennecott type replacement lodes
may be found along this trend. Orange Hill is the only known porphyry
deposit in Alaska. Kasna Creek has relatively large copper reserves
.in a limestone belt. Bornite is an active area with large copper
reserves predominatly in dolomite breccia. Additional copper deposits
would be expected along this trend. The Lost River Prospect is being
developed primarily for fiuorite--with Tin as a secondary minerai.

A comparison of Alaska's mineral production to that of the eleven
western states in the United States reveals that while Alaska has
produced minerals equivalent in value fto about $3,000 per square miie,
the eleven states have produced minerals equivalent to about $83,000
per square mile. Known mineralized provinces and potential oil basins
are as wldespread in Alaska as the eleven western states and the
potential for mineral production in Alaska is very large.

: : ;



METALLIC MINERALS

In the following discussion the motallic mineral resources of Aluska
are examinod by commodity. All the important deposits are coverad. Arcas
where there has been large production in the past and areas that are active
at the prosent time have boen examined In more dotail and simplificd
‘qgeologic maps of these areas are attachod. In the discussion of oach
commodity, the numbors that follow location names are keyed to corresponding
numbers on the appropriate commodity maps. Most of the information in this
report has been abstracted from publishad sources, chiefly bullotins and
opon-file reports of tho U.S. Geologlical Survey. A selected list of these
reports Is attached.

Antimony

Antimony is widespread in Alaska. The areas that have been productive
or where reserves are known are listed below:

|. Near Ester Dome (fig. 18, No. |) Fairbanks district.
2. Near Pedro Dome (No. 2) Falrbanks district.

3. Kantishna district (No. 3 & 4).

4. Seward Peninsula (No. 5).

5« Kenai Peninsula (No. 6). .

6. Caamano Point (No. 7) 16 mlles norThwesT of Ketchikan.,

'
Antimony has.been found elsewhere in many of the districts . in the
eastern part of the interior of Alaska.

GEOLOGIC SETTING

The antimony deposits of east-central Alaska commonly are in terrain
underlain by Birch Creek Schist of Early Paleozoic and/or Precambrian age.
The deposits occur as veins, lenses, veinlets, and disseminations within
schistose rocks. Many of the deposits are near falsic intrusive rocks.
Stibnite is the dominant antimony mineral in almost all of the deposits.

PRODUCT ION AND RESOURCES -

Production of antimony in Alaska has been largely restricted to deposits
in the Fairbanks district and the Stampede (No. 3) Mine in the Kantishna
district. The known antimony resourcaes are mainly in the Fairbanks and
Kantishna districts and probably comprise less than 100 tons of high grade
and about 10,000 tons of low grade ore. Several small shipments of gold~
bearing antimony ore were made from deposits on the Seward Peninsula,
generally in the area east of Nome. The known Alaska antimony resources
probably could be enlarged if prospecting and exploration for antimony were
stimulated.

in 1971, 34 tons of antimony were produced from Alaskan mlnes (short tons
antimony content), Production was mainly limited to The metal produced as
a by-product of mercury mlnlng.

Beryliium

Almost all othAlaéka's known lode deposits of beryllium occur in the
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Lost River arca in the westarn part of the Seward Poninsula (fig. 16, No. {).
The boryllium deposits consist of replacement veins, pipes and stringer

lodes in limestone of Paleozoic age, in a zone 7 miles long and 2 to 3 miles
wide. The limestona is faultod and Intruded by dikes and stocks of granitic
roCK. . ’

Sainsbury (in written communication to H.C. Berg, 1964) indicated thaT
reserves could amount to about 1,960,000 short tons of indicated and

. Inferred ore containing 0.18 to 0.29 percent Be. The LostT River area is

presently being developed for fiuorite (CaF,) and present plans do nof
indicate beryllium production.

The only other known beryllium deposiTs of potential economic signitficance
aroe the phenacite-bearing pegmetites near Bokan Mountain, Prince of Vaies
Isiand, Alaska.

However, geochemical reconnaissance indicates that additional beryilium
deposits may be found elsewhere on the Seward Peninsula, principally near
granite plutons on the western part of the Peninsula. Streams draining
the Kigluaik and Bendeleben Mountains contain beryl in the placer concentrates
and beryl may be associated with the pegmatites of that area.

No beryliium ores were mined in the State of Alaska in 197I.

Chromite
'

Significant chromite deposits are known in Alaska only in the Kenai
Peninsula region (fig. i3). The deposits occur on the south end of the
Kenai Peninsula (fig. 17, No. 1) in two general localities: an area of about
| square mile at Claim Polnt near Portlock, and an area of about 6 square miles
at Red Mountain 10 miles southeast of Seldovia. Occurrences of chromite
also are found in the Chugach Mountains near the head of Cook Inlet, about 7
mi les southeast of Tonsina, near Livengood in the Yukon region (No. 3), in
southeastern Alaska on Baranof Island (No. 4), and on the Cleveland Peninsula
near Ketchikan (No. 5).

GEOLOGIC SETTING

The chromite deposits constitute parts of dunite and serpentine bodles
in which chromite grains have been concentrated generally in layered
tabular bodies.

PRODUCTION AND RESOURCES

Production of chromite in Alaska has been 29,000 long ftons of approximately
45 percent Cr70 over the time period 1917 to 1957. All the chromite
production has been from the Kenai Peninsula area. The estimated remaining
reserves in this area are 400,000 tons, most of which would average |5 to
i7 percent Cr203. The known chromite reserves in the areca near Tonsina
do not exceed“a few thousandtons of chromite which is low grade and would
raquira cencantrating. A fow thousund tons of chromite ore might bo minable
from Red Bluff deposits on Baranof Island. Areas that contain ultramatic
rocks and would be favorable for chromite exploration include: northwest of
Fairbanks near Livengood, east of Fairbanks, along the north flank of the
Chugach Mountain, In the Delong Mountains, near Platinum in southwestern
Alaska, and in southeastern Alaska.

There was néhproducflon of Crzos'ln Alaska in 197].



Copper

The known Alaska copper deposits of prospective commercial importeance
are grouped in southcastern Alaska, Copper Rivar, and Yukon regions, and
in the Shungnuk district of northwestern Alaska (fig. 13). Listed below
aro areas of past production or areas whore commerclal production might be
oxpocted in the futura:

| Southeastern Alaska
Ketchlkan Mining District

. Kasaan Peninsula (fig. 19, No. I)

2. Copper Mountaln (No. 2)

3. Southern part of Prince of Wales and adjacent islands.
4. Yakobi (No. 3).

5. Admiralty (No. 4).

6. Chichagof (No. 5).

7. Baranof (No. 6).

Other southeastern Alaska copper deposits are on the mainland west of
the Coast Range batholith.

Copper River Region.

'

l.. Prince William Sound area (several grouped in the vicinity of
Ellamar) (No. 7).

2. Valdez (No. 8).

3. Latouche (No. 9).

There are other copper deposits In the drainage basin of the Chitna
River,

Yukon Region
I, Chisana disfrigf near the head of the Nabaesna River (No. 15).
Shungnak éiéfricf‘ |
l. Ruby Creek (Bornite No. 10).
Twé other general regions which may have pdsé}ble economi¢c importance

Include the lliamna Lake district (No. Ii) and the area of the Chisana
district around the upper VWhite River Valley near the Canadian border (No. 12).

/

GEOLOGIC SETTING

Southern Alaska

Most copper deposits in the Ketchikan district are in metamorphic rocks
that commonly consist of Interbedded greenstone and crystalline limestone. .
The deposits are commonly localized in the crystalline limestone and consist
of small amounts ot copper minarais in magnetite ore of contact-metamorphic
ortgin, Tho sultide minersls conslsT ot chalcopyrite, pyrite and less
exTenslVer, pyrrhotite.



+ the Salt Chuck mino on the north cnd of Kasaan Bay on Prince of
Wales Islund (No. |) bornite and chalcopyrita occur in an intrusive
complex of gabbro and pyroxenite. The deposits in tho northern part of
soutncastern Alaska consistT mainly of pyrrhotite, pentiandite and chalccpyrive.
At tho Sumdum prospect (No. 13) about 50 miles south of Juneau, chaicopyrite
and sphalerite are associated with pyrrhotite and pyrite in Tightly folded
‘motamorphic rocks.

Prince William Sound

Tho deposits in the vicinlty of Princo William Sound are In or near mafic
tave flows interbedded with slate and graywacke. Chalcopyrite is the
predominate copper mineral of these .deposits. '

*Copper River Region

The copper deposits of the Copper River region are mainly in the basal
part of the Chitistone Limestone. The Kennecott chalcocite bonanze ores
consisted of tabular to irregular masses of repiacement origin. Associated
with the replacement ores were veins and disseminations of copper sulfides.
Supergene sulfide enrichment was absent, but pre-glacial partial oxidation of
primary sulfides to copper carbonates extended to a depth of 2500 feet.

The greenstone deposits are-small and chiefly veins and disseminated
types. They contain chiefly chalcopyrite and bornite.
?

Other Deposits

* I. Orange Hill (No. I5) = Chisana district metamorphic copper deposits
and Tthe only porphyry copper deposit known in Alaska.

* 2. Ruby Creek (Bornite) = The Ruby Creek deposits consist of copper
minerals, chiefly chalcopyrite in limestone and dolomite of Devonian age.

Numerous prospects in the Cape Nome, Council, and Kougarok districts on
the Seward Peninsula contain copper minerals at or near contacts between marble
and schist. The geologic similarity between These prospects and the Ruby
Creek deposits is sufficiently great to offer hope that a major deposit may
ultimately be found.

PRODUCT ION

‘Southeastern Alaska

Since 1918 there has been very little copper mining in southeastern
Alaska. Almost 13,000,000 pounds of copper metal, 7000 ounces of gold
and 56,000 fine ounces of silver were produced on the Kasaan Peninsula.
prior fo 1918. } '

Prince William Sound

Between 1900 and 1930 nearly 214,000,000 pounds of copper were produced
from the Prince William Sound area. Nearly all this production came from
deposits at Latouche and Ellamar. -

*Separate Report, - .



R L s e

R

[

Copper River Region

The bulk of the Alaskan copper oro was produced at the Kennecott lHincs
(No. 14) in tho Nizina district between 1911 and 1918, Four mines yiclded
ebout .2 biltlion pounds of coppor from ore averaging 12.4 percent copper.
Tho major deposits of the district are probably largely deplicted and the only
copper produced from them recently has boon derived from small scale operations.

RESERVES

The targest known Alaska copper reserve is in the Ruby Creek deposits
where reserves of 100 million tons of {.2 percent copper revealed by
drilling during the period 1957-1961 Is considered high by Fritts, 1970. (See
attached report on Bornite, Shungnak district, Alaska)l.

The copper reserves In the Prince William Sound area incliude 1,500,000
tons of rock containing slightly more than { percent copper and perhaps 5,000,000
tons of rock averaging fess than | percent copper.

The indicated and inferred copper reserves of the Kasaan Peninsuia area
estimated To be about {.5 miflion fons of material whose average copper
content is less than 2 percent.

The Sumdum prospect contains indicated and inferred copper reserves in
excess of 0,000 tons that carry between 0.5 and 1.0 percent copper, about
0.5 percent zinc, and 0.25 ounces of silver per ton.

Alaska's future copper reserves will probably depend on exiensive
exploration in little known areas fthat contain copper, such as that drained by
+vhe upper White River and more extensive examinations of old areas or
geologic projections from old areas.

lron

Iron deposits are widespread in Alaska, particularly in southeastern
Alaska where they are represented by contact metamorphic deposits on Prince
of Wales Island, mainly on the Kasaan Peninsula (fig. 17, No. 6), and by
disseminations in igneous rocks. The location of the disseminated deposits
are listed below: .

Union Bay (No. 5).

Duke Istand (No. 7).

Snettisham Peninsula (No. 8).

Near Klukwan at the head of Lynn Canal (No. 9).

BN -

.

Other iron deposits are known in the following districts and areas:

Chisana district (No. 10).

Kenal Peninsula (No. 1),

In southwastern Alaska near Lake lllampna (No. 12).
North of Dillingham (No. {3).

North of Eagle in east-central Alaska (No. 14).
Shungnak district (No. 15).

Sinuk River west of Nome (No. 16).

NOOUE e W) —
.
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GEOLOGIC SETTING

Aluska's lron deposits are predominently contact metamorphic deposits
and disseminations in igncous rock. The magnotic disseminations commonly
are in mafic or ultromaftic rocks and contain some titanium and phosphorus.
The genorally smailer contact metamorphic iron doposits usually consist of
concentrations of magnatite that havo roplaccd limostono in zones adjecent
+o ignoous intrusive rocks. Theso deposits commonly have a high sulfur contenT
and are practically free of titanium. The low grade ferruginous deposits
in the Tindir Group north of Eagle are of sedimentary origin.

Southeastern Alaska

The +itaniferous deposits of southeastern Alaska are large buv
low grade, ranging from I5 to 35 percent total iron and having approximately
& 1:10 titania to iron ratio. The Klukwan deposit, an extensive body of
mafic and ultramafic rock, is fypical of this type deposit.

The besT known contact-metamorphlc iron deposits in Alaska &re on vhe
Kasaan Peninsula where magnitite is present in tactites developed in fractured
calcareous greenstone.

O+her lron Deposits In Alaska

' Most of the other contact-metamorphic iron deposits of Alaska are either
too small or too remote for commercial development. Some of these deposits
are listed below: :

l. Orange Hill (No. 10).

2. In the Chisana district at McDougall Creek (No. 19).

3. South side of the Wrangell Mountains at the northeast end of Lake
lliamna (No. 12)., - '

4. Near the head of Tuxedni Bay (No. 20).

5. 1In the Shungnak Hills (No. 15).

6. A large buried low-grade iron deposit near Kamuk Mountain north of
Dillingham. (Est. several billion tons of 10.5 to 12 percent magnitite
iron). : ~

7. Low grade banded hematite deposits north of Eagle in the Tindir Group
of Precambrian age.

8. A small high grade residual iron ore deposit on the Sinuk River near
Nomg (0.5 to 1.0 million tons of limonitic material containing from
10 To 45 percent iron.).

Molybdenum

There are 35 different localities in Alaska where molybdenum is known
To occur. The best known of these occurrences are listed below:

|. Orange Hill in the Chisana district (Fig. 16, No. 2).
2. The Mount Hayes prospect in the central part of the Alaska Range (No. 3).
3. Shaken (No. 4), Muir Inlet (No. 5). and Baker lsland (No. 6) deposits.

*Separate Report - S . .



GEOLOGY

The molybdenum deposits commonly ere either in or near granitic masses.
They gencrally consist of molybdenite disseminated in the infrusive masses,
or associated with quartz in shear or breccia zones.

RESERVES

The largest known Alaskan moiybdenum potential is et the Orangc Hili
Porphyry coppor doposit whore it is estimated that approximatoly 200 -
miliion Tons of dioritic rock contains 0.02 parcent molybdenum. The reserves
a7 Shukan aro believed to be less than 100,000 tons containing 0.95 percent
molybednum dioxide. The Baker Island deposit contains about {,000,000
tons that carries about 0.27 percent molybdenum.

Nicke |
The significant nickel deposits of Alaska are listed below:

I. In and near Bohemia Basin on Yakobi Island (Fig. |7, No. 21} about
75 miles wesT of Juneau.
. Funter Bay on Admiralty Isiand (No. 22).
. Mirror Harbor on the west coast of Chichagof lsland (No. 21).
. At Snipe Bay on Baranof Island about 45 miles south of Sitka (No. 23).
. On Brady Glacier about 85 miles west of Juneau (No. 24).

w BN

| I
In addition small low-grade deposits are located near Spirit Mountain in
the Copper River region (No. 25). .

GEOLOGIC SETTING

The nickel deposits of Alaska are sulfide-bearing parts of intrusive
bodies or norite or related mafic rocks. The nickel deposits on Yakabi
Istand probably are part of a much larger, trough-shaped deposit formed by
a concentration of suifide minerals near the lower boundary befween a norite
mass and tThe surrounding rocks. The nickel-copper deposit near Funter Bay
consists of a pipelike gabbroic intrusive body that contains the sulfides
pyrrhotite, pentiandite and chalcopyrite. The low grade nickel-copper
deposit near Snipe Bay (fig. 17, No. 23) consists of sulfide minerals
disseminated throughout an altered mafic intrusive body.

PRODUCT ION AND RESERVES
No nickal or copper has been produced from Alaskan nickel-bearing deposiTts.

Estimatas of the reserves are |listed below:

I. Bohcmia Basin: 18,300,000 tons of material containing about 0.5 percent
nickal and about 0.27 percent copper.
2. Mirror Harbor: High grade depositTs about 8,000 tons of 1.54 percent
nickel and 0.78 percent of copper. Disseminated deposit: about 13,500
- tTons of sulfide-bearing material per foot of depth containing 0.16
"~ " to 0.2 percent nickel and 0.03 to 0.1 percent copper.
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3. Snipo Bay: 430,000 tons of probable 0.3 percent nickel!and 0.3
copncr,

4, Funter Bay: Minimum estimato of 560,000 tons containing 0.45 percent
nickel and 0.40 porcent copper.

5. Brady Glacler: Roserves are listed in the separate report.

!:5

Known lode tin deposits in Alaska are all in the western ggrt of the
Soward Poninsula. Cassiterite is present in placers from the Canadian
border to tho Bering Sca, iIndicating the presence of tin in numerous places
throughout central Alaska. Localities where tin-bearing mineralls are present
with other motallic minerals are listed below:

!. Lost River area (fig. 16, No. |).
2. Cape Mountain (No. 7).

3. Ear Mountain (No. 8).
4. Potato Mountain (No. 7).

RESERVES

The Lost River area has an estimate 2,600 tons of tin-bearing ore in
measured plus indicated reserves containing |.3 percent tin; 15,450 short fons
of tin-bearing ore in inferred reserves containing 1.0 percent *in, and 18],700
short tons of tin-bearing ore in inferred material confaining 0.2 percent to
0.75 percent of Tin. Known tTin lodes at Ear Mountain, Cape Mountain and Potato
Mountain do not contfain more than a few thousand tons of ore in bodies

- of minable size.

I+ is likely that continued exploration on the Seward Peninsula will
reveal additional deposits of lode tin, particularly in areas where fine-
grained granitic dikes cut larger grannfac bodies and in areas of granite-
limestone contacts.

Uranium, Thorium, and Rare Earths

The only Alaskan production or uranium has been from the Ross-Adams¥
Mine near Bokan Mountain on the southern part of Prince Wales lIsland
(fig. 16, No. 13). Rare carth and fthorium-bearing carbonate veins crop out
near Salmon Bay on the northeastern part of Prince Wales Island (No. 14)
Other occurrences are at Brooks Mountain (No. 1) on the Seward Peninsula and
necar Medfra (No. 15) in the McGrathe mining district. There are numerous
small occurrences elsewhere un Alaska but none seem to have commercial
significanca.

Zinc and Lead

Deposits of zinc and lead are known at many places throughout Ajaska.
The better known'deposits are on or near the mainiand of southeastern Alaska
and at Mountliielsonin the Kantishna district (fig. 19, No. 18). The

¥Separate Report
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LOST RIVER PROSPECT: (FLUORITE, TIN, TUNGSTEN)

Ore Rescrves. Proved ore reserves arce considercd sufficient to support a mining
operation at a daily treatment rate of 4000 tons per day for a minimum of twenty
years, These ore resecrves are contained in Zones 1 and 2. (See attached location
map, Map No. 2.)

Orc Pocential. Additional potential ore in Zomes 1 through 7, along tue major
Rapid River Tharust Fault are beliecved large enough to support the mining operation
for many years, R

|
Al

ORE RESERVE SUMMARY

Zone Type of Mining Ore % Ca T 7% Sn % LY
1 Upen Pit , 23,527,000 16.43 0.26 0.040
Underground 1,275,000 11,606 0.15 0.010
2 Open Pit 2,116,000 30.59 - ¢
Underground 1,695,000 30,00 .- ‘-

P

+" PRESENT STATUS
Mctallurgy. Pilo't plant studies being completed.

Market., Favorable for fluorite consumption; demand rising from 4mm to 6.5mm touns
by 1975.

Environmental., No major problems have been identified,

Mining. Further exploratory drilling on Zones 1 and 2 to confirm grade and tonnage
for mining purposes. Additional bulk surface sampling will be completed to learn
more about tin and tungsten recovery.

GEQLOGY

- The Lost River Mine and associated mineralization is located in the York Mountains
in the western part of Seward Peninsula, Alaska.

The bulk of the bedrock of Lost River valley consists of the Port Clarcnce limestone
of Paleozoic Age. Near the mine the iimestone is of Early Ordovician age, and is
marmorized and partly replaced by silicate minerals, and cut by numerous veinlets
containing silicates, ore minerals and fluorite. A granite pluton that does not
appear at the surface has been penctrated by exploratory openings., Many basalt
porphyry and rhyolite porphyry dikes intrude the limestone in the area.

Tae main ore minerals are cassiterite and wolframite in the intrusive rocks and
limescone. DBoth the granite and the dikes are greisenized and cut by veinlets.
Introduction of ore minerals probably began when the intxusive rvocks were greisenized
and the limestone altered to marble and tactite.
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PROPERTY LOCATION MAP |
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FUTURE INDUSTRIAL AREA |

MAP ABOVE DEPICTS PROPERTIES OF
LOST RIVER ON THE SEW ARD PENINSULA
OF ALASKA. THE MINE-MILL COMPLEX,
DIESIGNED TO FUNCTION AT AN INITIAL
<0006 TON DAILY RATE, WILL BE LO-
CATED APPROXIMATELY SIX MILES IN-
LAND, IN THE AREA OF THE NOS. 1 AND
2 ZONLS. INITIAL PRODUCTION WILL BE
BY OPEN PIT ON THE NO. 1 ZONE, TAIL-

INGS, THE WASTE PRODUCT OF THE MILL

FACILE TY, WILL BE PIPED TO A DANMMED-
CFF DISPOSAL AREA CAREFULLY SE-
LECTED AND ENGINEERED WITH A VIEW
TO THE MOST STRINGENT ECOLOGICAL
REQUIREMENTS. THE MINE-MILL SITE
WILL BE CONNECTED WITH THE TOWN-

SITE BY ALL-WEATHER ROAD, AND A
POWER TRANSMISSION LINE;WILL FOL-.
LOW THE ROAD ROUTE. THETOWNSITE
AS ENVISAGED WILL BE A REGIONAL SER-
VICE CENTRE, SERVING NOT ONLY THE
LOST RIVER MINE COMPLEX, BUT ALSO -
THE ENTIRE REGION. EMPHASIS WILL BL -
PLACED ON TRAINING AND EMPLOYING
LOCAL LABOUR." THE HARBOR FACILITY .
WILL PERMIT DELIVERY OF GOODS TO -
THE AREA AT COSTS APPRECIABLY LOW-~
ER THAN PRESENTLY POSSIGLE, WHILE
POWER, WATER AND OTHER SERVICES
WILL BE AVAILABLE LOCALLY AND, IN-:
TIME, REGIONALLY ON A COSTS BASIS

NOT AVAILABLE AT THE PRESENT,
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KENNECOTT MINES, KENWECOTT, ALASKA, COPPER

History of the Discovery

e discovery lcading to the development of the Kennecott Group of
nes has been credited to Jack SNTuh and Clarence Marner in 1900.

no copper discovery described as "green clifvs of copper" was a great
rmass of copper carbonate and repreosents e outcrepping oF ulle ore body
xuned in the Bonanza mire. A mile to the northwest of the’Bqnanza

discovery a1ong the limestone-greenstone contact thin cnalcoq1te veinlets
were noted in a small outcrop of limestone. This was the surface cxpression
of the Jumbo mine which was the greatest producer of the four mines, the
Bonanza, Jumbo, Erie and Mother Lode which opened up the Copper district.

il

Th
mi
e i

Geology - (See attached sketch map of the Geology in the vicinity of
Kennecott, Alaska)

The Nikolail greenstone of Triassic? Age is a dynamicaliy metam orpnoscd
amygdaloidal basalt? flow or serics of flows at least 5000''thick. It
is overlain by the massive Chitistone Limestone (Unper Triassic) b
separated by a 2 to 4 foot red and green shale. The basal unjts o
Chitistone limestone (50'-80!) are typically dark gray silicdous 1
stones. Above tnese units are the dolomitic Timestones associated
most of the massive chalcocite replacement deposits.

n
ime-
vit

A quartz diorite stock about 6 miles long by 2 miles wice has been -
mapped by the United States Geological Survey between McCarthy Creck
and Kennecott.

The limestone between Kennecott Glacier and McCarthy Creek is cut by
numerous faults and fractures. Two o7 these fault systems are con-

sidered directly related to ore deposition in that they dirccted the course
of circuiating waters and controlled the deposition o7 copper minerals.
These systems in turn are cut by cross faults of the same age? and by
fractures that originated after the ore was deposited.

Copper Minerals

Included in the copper minerals Tound in the oras of the Kennecott group
o7 mines are chalcocite, coveilite, azurite, malachite, enargite, bornite,
chalcopyrite and chalccnthite. In addition to the copper minerals it was
common to find 14-16 ounces of silver per ton in the richer copper ore.

Origin of the Copper Ore

There are several hypotheses for the origin of the ore bodies. Many
geologists believe that the source is the Nikoiai greenstone which
contains a fractional percent of copper disseminated throughout. Others
think that copper was deposited from hydrothermal solutions that emanated
from a concealed granitic pluton in the mine area. Another alternative
is that both sources contributed copper to the rich deposits.

Production

From 1900-1938 more than a billion pounds of copper was recovered from
tnis area. :



vosent Status

Interost has continued in the arcas along the Chitistonce-Nikolai Greenstone
contact, Exploration has consisted mostly of diamond coring. The environ-
ment for replacement ore bodies and past productive history strongly support
an optimistic view for the possibility of developing additional large ore

bodies.
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KLUKWAN, ALASKA

Magnetite Ore

The Klukwan iron deposit is located about 23 miles northwest of H@ines,
Alaska. At Klukwan, an Indian village, the paved Haines-cutoff Highway
passes over tho outwash fan of tho doposit aparox1mataly ong mile from
the lode,

The deposit is a large intrusive of basic composition or a magnetite-
enriched pyroxenite. The body as mapped has a maximum width of 1-1/4
miles and a length of about three miles. The vertical range as exposed
by erosion is approximately 3,000'.

The reserves of magnetite-bearing rock, as mapped by the Geological
Survey, is estimated at 13 billion short tons.

The magnetite is disseminated uniformly throughout the pyroxenite excent
~where magnetite has been segregated into enriched lenses. These lenses
contain 45 to 50 percent iron content.

~Sampling of the entire pyroxenite body is limited. However, a series

of chip samples across an 800 foot expanse of uniformly crystalifzed
pyroxenite averaged approximately 20 percent magentite iron and vive
percent iron conta1ned in silicates.

Genetically the deposit may be a magmatic differentiation from the dioritic
magma that surrounds this pyroxenite body.

Concentrates

The concentrates made from Klukwan ore are iow in sulfur and phosphorus
with a titanian oxide content from 2.2 percent in the concentrate from
low grade ore to 4.2 percent Tio2 from the high grade ore.

Most of the present interest is in the reserves contained in the outwash
fan. Both the U.S. Steel Corporation and Kajser Steel are active in this
area. Testing of the alluvial fan indicates that it contains several
hundred miliion tons of rock having a magnet1te content of about 10 per-
cent. ~



O

following is o lisT of the botter known arcas:

. Scdanka lslend (No. 17).

[liamna Bzy on Cook Infet (No. li).

Golovin Bay on Seward Peninsuta (No. 18).

Necor Kantishan' (No. 19).

Scuth of Ruby in the central Yukon region (No. 20).

S N

+ Mahoney Creck south of Ketchikan (No. 22) a small fissure vein has
viciced Aluska's only production of sphalerifte shipping concentrates.
There was no production of zinc or (ecad from Alasxa In [97i.

Silver

Silver has been found in numercus deposits in Alaska (fig. i15) out
is not generally as plentiful as in similer deposits in The Rocky Mountain
States. MosT of the silver produced in Aiaska Is a byproduct of operations
involving production of other metallic sulfides. The better known siiver-
bearing deposlits are listed below:

I+ Near Hyder-Kessan Peninsula (No. 24).
2. Near Juncau in The gold belT from low-grade stringer lodes That foliow
the foliation of The slate and schist couniry rock.

73.r East of Wrangell (No. 26) in Glacier and Groundhog Basins and at Tthe
Lake Claims.
Central and northern Kenai Peninsula.
Copper River region as a byproduct of the Kennecott copper producTtion.
Chulitna district.in mineralized biotite quartz diorite porphyry.
. Seward Peninsulain small vein-type deposits.

.

~N Oy Ut

The 1971 silver production of Alaska was less +han 4000 fine ounces.

Tungsten

Only three important areas of tungsten deposits are known in Alaska.
The Fairbanks district in the Yukon region and The Hyder district in south-
eastern Alaska each contain two tungsiten deposits. A large low grade
wolframite deposit occurs at the Lost River Tin Mine (fig. 16, No. i).

In the Lost River mine on the Sewerd Peninsula the fungsten occurs in
altered dikes, granite, znd in marmorized [imestone. In the Fairbenks
district tungsten depos:is consisT of lenses of scheelite in metamorphosed
iimestone and in gold quartz veins. In the Hyder district quartz veins
containing tungsten are developed at the Riverside and Mountain View Mines.
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BOKAN MOUNTAIN URANIUM - THORIUMY AREA, SOUTHEASTERN ALASKA

Rogs Adam Mine

This mine shipped 55,000 tons of 1.5% U30g in 1971 anrd has had & history

of several active exploratory pericds. t is menticned in this summary beacucse
it has been the only commercial uranium producer in Alaska and because there
axints potential for additional uranium rvassyvos in the immediasca avea,

History

Discovered by use of an airborne geiger counter on May 18, 1955, onfirmed by
ground Iinvestigations. Exploratory diemond drilling was followed by
production of 15,000 tons of uranium ore containing more than 0,807 Us0g in 1956,

Geology, See attached Geologic map of the Bokan Mountain Area.

The Ross-Adams Mine is withineperalkaline granite stock and the size of
the ore body was about 400' long by -50' wide and 50' deep. The small granice
body is beliecved to be Tertliary in age. The south end of the ore deposit weas
downfaulted by steeply dipping faults that strike N, 70 degree
degrees E., Other minor faults with little displacement are exposed in the
open pit. Most of the faults are characterized by iron-stained gouge zone
a few inches thick.

(.11
-t
-
.

v
o}
24
. ©
Y

[ &

The ore body has a gentle southerly plunge increasing near the faulting at the
south end of. the deposit.

-

The granite within the mine area ranges from fine-grained to medium-grained,

- and to porphyritic varieties with coarse to medium-grained quartv phenocrysts
in a medium to fine-grained groundmass.

Probable Genesis of the Ore

Congidered to be two processes: (1) Concentration of uraninite and urancan
thorianite in the granite. (2) Subsequent formation of uranium and thorium-—
bearing veinlets at the site of the ore body (enrichment). The strong fault

of the south end of the ore body may have acted as a channel way for hydrothermal
activity.

Other small radioactive deposits have been found within a 71 aquare mile
area. Deposits not directly related to the granite have been found in aplite
and pegmatite dikes. :

Summary

The Bokan Mountain arca and the numberous radioactive ancmwalies of other localities
in southeastern Alaska makes this the most promising part of the State of Alasska
for uranium progspecting. : ,
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"Ore Deposits

BRADY GLACIER NiCKEL = COPPER PROSPECT

HIsTorY

The deposit was discoverad in 1958 by geologists of The Fremont
Mintng Company whilch stakod tho claims and drillod 32 relavivoly shaliow
core holes before fTurning the exploration over to Newmont Exploration
Ltd. in 1960. "

Geology

The sulfides occur at the southeast margin of & large lopolifhic
intfrusion of gabbro and peridofite calied the Crillion-La Percuse intrusion,
This intrusion nearly 17 miles iong and 8 miles wide consisTs predominantiy
of iayered gabbro. The mafic complex is intruded into amphobole and
biotlte schist.

The oxposures In the nunataks of Brady Glacier indicafe ¥hat The
structures In this area are more complex and layered relations [ess apparent.
This is due in part to post-crystailization faulting near The mergin of The
intrusive and to later intrusions. In The nunatak, exposures of peridotive
overiay fine to medium grained gabbro. These rocks are intiruded by dikes
and irregular bodies of gabbro, diorife, aplite and possibly peridotite.

Tha predominant host rock for the Brady Glecier deposits is peridotite
commonly consisting of a mixture of forsterite and enstatite. Fine To
coarse grained olivine gabbro is also a common host rock for the nickel-
copper sulfide deposits.

The sulfides, pyrrhotite, pentlandite and chaicopyrite, occur in the
host rocks as disseminated grains, veinlets, and lenticular masses as large
as 35 feet long and 5 feet in diameter. The sulfide veiniets occur along
fractures and fissures and are commoniy less than | mm thick., MosT of the
host rock contains scattered sulfides which are most abundant in altered
peridotite and gabbro pegmatite. /

Pyrrhotite is The most common sulfide followed in order by pentiandite
and erratically scattered chalcopyrite. Textural relations suggest that
The chalcopyrite was formad slightly fater than the iron and nicke!l sulfide.

Ore Grade

Oro grades have been established by sampling The nunataks and by
diamond drilling, The results are sTill incomplete and further driiling
Is contempiated. The overall average gracde of the nunataks would be
probably iess than 0.5 percent cach of nickel and copper. Sulfide masses in
I to 1,4 porcent copper and 0.25 percent cobaite. :

Al



K

Newmont Exploration Ltd. is plenning o deep diemond coring program
in an atfempt To block out greater reserves of ore. TentoTive plens {or an
access adit vo explore the ore body at depih cnd To odtain larg mplo
[
Vo

for pilot plant studies have been mado. Dovelopmont of This 1o
nickai-copper doposit will be influenced by environmontal and p
overvonas.
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c EXPLANATION

Jainly _q.nrml mziwu sivand L, bt
—vevee tnelude lake deposits, recent ma-
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Dotted where concealed - posits, and alluvium
e

sesene ' . a '
: S
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e calcarenite, and wminov cunglom-
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. Carbonale rocis
Mainly limcstone, minor dolomite
locally; metaw orvmo“r” to marble
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arcag; tnclude smell amounts of
' detrital clastic and (or) volcanic
. rocks locally
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Veleanic rocks
Mainly mafic to intermediate luve
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rocks locaily
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mixed contact zones
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KASNA CREEK, COPPER DEPOSIT,
LAKE KONTRASHIBUNA, LAKE CLARK REGION, ALASKA

Location

The Kasna Creek copper prospect is in the Lake Clark region, southwest
Alaska, about 160 miles southwest of Anchorage, Alaska. The copper
prospect is on Kasna Creek, a small tributary to Lake Kontrashibuna.

History

Initial staking of claims was in 1906 by Brooks and von Hardenberg.
The area was first described by the Geological Survey in 1909. The
leases were acquired under option to the St. Eugene Mining Corp. Ltd.
in 1943, There has been no production reported for this area.

Geology

The copper mineralization of Kasna Creek is in a limestone belt 1500

feet wide. The belt of limestone is exposed on both shores of
Kontrashibuna Lake and extends to the eastern shore of Lake Clark.

Martin and Katz (1912) considered the limestone to be Paleozoic, probably
Devonian in age. The Bureau of Mines in mapping indicates that the
limestone belt is in contact with a rhyolite porphyry on the east and

the diorites? form most of the western contact and apparently terminate
the Timestones on the south. There are small intrusives of basaltic.
porphyry (dikes and sills) around the edges of the limestone ore

_ deposits.

The ore deposits are classified as contract metamorphic types. Mineral-
ization consists of specular hematite, amphibole, chlorite, calcite and
quartz. The deposits are not homogeneous.

* Chalcopyrite is disseminated throughout the mineralized area as scattered

grains. There are also concentrations of chalcopyrite in the form of

- small lenses and veinlets. The massive chalcopyrite itself contains

numerous inclusions of sphalerite.

" The two main ore bodies exposed at the surface are the Barnes and Gilt

Edge ore bodies. The approximate outlines of these bodies are shown
in figure 3. The barnes deposit assayed 1.14 percent copper; the Gilt

}'Edge deposit assayed 0.69 percent copper from several hundred samples.

There is a basic prob]em in the ore treatment and this problem is
summarized below:

This type of ore cannot be concentrated by simple methods at relatively
coarse sizes. Further, even by fine grinding and flotation, only low,
recoveries in low-grade copper products are possible. None of the
methods tried proved effective in recovering the iron-oxide content of .

the ore as a separate product.
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Reserves

Although considerable trenching, sampling and mapping has disclosed an
ore body of considerable size, tonnages of ore have not been determined
and a diamond drilling program would be required before exploitable
reserves could be calculated. : :
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BORNITE, COSMOS HILLS, SHUNGNAK MINING DISTRICT, ALASKA, COPPER

History

Early prospocting bogan shortly affer the gold rush of 1898. Two
locations were prospectod: one on the northeast end of Pardners Hill
(throe miles wost of Bornite); the othoer was on the west side of Ruby
Crook opposite and noar tho prosont oxploration camp of Bornite. The
early prospecting consisted of shallow shafts and adits and minor surface
trenching. Nearly all these early exploratory efforts penetrated mineral-
ized dolomite contalning chalcopyrite and bornite.

in 1948, Rhinehart Berg discovered radioactivity in copper-bearing
vein material (disseminated pitchblende?) collected from old mine dumps
at Ruby Creek. Continued surface exploration by Berg and his associated
included trenching and some dlamond drilting. Saunders (1953, 1955, and
1956) examined and appraised these properties and showed that the copper
content was high enough to be of interest To mining companies. ,

In 1957 Bear Creek Mining Company (the exploration subsidiary
company for Kennecott Copper Company) obtained an option on the Berg
prospect and vicinity. This was followad by 13 years of exploratory
efforts. Thousands of feet of diamond drilling was completed with the
greatest concentration in a 5000' x 6000' area near Bornite. This drilling
revealed a close relationship between dolomuTe breccia, pyrite and copper
sulfides. o

Kennecott acquired control of the mineralized ground in 1963 for’
$3 million and evenfually invested $i0 million or more in the area. A
deep exploratory shaft was started in 1964 and on October 27, 1966 the
shaft suddenly became flooded at a depth below 1000 feet. Pumping was not -
effective and the iower 23 feet of The shaft was plugged with cement.

" The shaft was pumped dry and some underground work completed.

All underground work ciosed in 1968. Sporadic diamond drilling'has
continued to the present date.

" Geology-Stratigraphy -

Phyllitic Schist: The oldest stratigraphic formation exposed in the area
under discussion is a phyllitic schist which consists of weakiy fo moderately
metamorphosed pelitic calcareous and volcanic strata. Included in this
formation in addition to the predominant graywacke-phyllitic schist unit

. are unlits of crystalline |imestone and greenschist-greenstone of probable

metavolcanic origin. The formation underiies at least 65 square miles In
the central part of the Cosmos Hills and Is more than 5000' thick. .The
age of this formation is uncertain but it probably is paleozoic.

Main Dolomite Limestone and related rocks: A Thuck sequence of metamorphosed
Iimestone, dolomite and dolomitic breccia underlies more than 20 square

miles in the northern, western and southern parts of the mapped area.

The formation Is known to be ailochthonous. A middie Devonian age has

.bpen assigned to this formation.

a4 b sinm e e e iy e wap At



Upper Phyllite and related rocks: A thrust slice composed primarily of
phyllite and subordinate greenstone and carbonate rocks overlies the main
Dolomitic Limestone in the western part of the Cosmos Hills. The phyliite
is medium to dork gray and Its motamorphic grade is lower than the marble
over which It has been thrust.

Upper Carbonates:. Bedded carbonate rocks most likely part of the main
Tnrusi=-faultod stratligraphlc sequence of Devonlan age.

Metaconglomerate and related rocks: The highest stratigraphic sedimentary
" formation in the Cosmos Hills consists of a predominant conglomeratic
sandstone and slate unit thrust over the underiying Devonian strata and is

considered Cretaceous in age.

intrusive rocks - Cretaceous: Gneissic granite forms a pluton | 3/4
miles in diameter near the Kogoluktuk River (Southeast portion of attached
geologic map).

Tertiary Rocks = Serpentinite: Tabular intrusive bodies are parallel to
bedding, foiiation and overthrust faults. These beds range from i00 feet
to five miles long, but only from I0 feet to 400 feet in thickness.

Structure
The most important structural feature in the Cosmos Hills is the

thrust faulfing’and tThe associated window about 20 miles long and two
to eight miles wide. Four major overthrust faults have been recognized.

HostT Rocks

. \ * 3
The predominate host rock at Bornite is dolomite breccia, but |imestone

breccia, impure limestone and phylliite are mineralized in some places.

Shape of Deposit . -

Copper suifide minerais are concentrated in units with greater
horizontal than vertical extent within the favorable host rocks. Thus
they form lenticular concentrations approximately parallel to the beddng.

Ore Mineral

36.

Common minerals in the dolomite hostT rocks lhciude siderite, pyrrhotite,

cymrite, pyrite, chalcopyrite, bornite, chalcocite, fennanflfe-fefrahedrl?e,

sphalerite and galena plus other minor minerals.

Origin of Copper

Believed to be a low Tempera?ure hydrothermal deposlf and post=
metamorphic in age.

Reserves

Reilable astimates of the reserves in the vicinity of Bornite have not |
been released by the mining compan:es. An estimate of 100 million tons of



-

|.2% copper revealed by drilling during the period 8957-1961 (Lund, 1961)
{6 considered high by Fritts (i970),
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KASAAN PENINSULA, PRINCE OF WALES ISLAND, ALASKA,
IRON=-COPPER DEPOSITS

History

Copper-bearing magnetite deposits on Kasaan Peninsula, Prince of Wales
Island, Alaska, have been known since about 1865. Mining and exploration
began between 1895 and 1900 and has continued intermittently since.

Ore Deposits

The deposits are nearly all small but relatively high grade. Ore
minerals include magnetite, pyrite and chalcopyrite. Sulfur content

is high, averaging about 2 percent. Phosphorus and titanium are present
but only in small quantities. The ore deposits are predominatly contact
metasomatic with a small number classified as hypothermal.

Geology

Nearly all the country rock on the Peninsula is greenstone of andesitic
composition and probable Mesozoic age. Rocks included in the greenstone
consist of limestone and various clastic rocks including siltstone, gray-
wacke, quartzite and conglomerate. The suggested geologic history is
that large sills intruded a Paleozoic sequence-of sedimentary rocks which
were broken 'into discontinuous slabs which now appear as lenses and
layers in the greenstone. The sequence of greenstone and sedimentary
rock was then intruded by dikes and stocklike bodies of igneous intrusive
material. Following the intrusions the region was faulted and ore-
bearing solutions replaced brecciated greenstone and lenses of calcareous
clastic material. The ore deposits are commonly associated with areas

in which rocks of sedimentary origin form a considerable amount of the
country rock.

Reserves

Reserves in 1961 were estimated at 5.5 million tons. These include 4
million long tons of high grade iron ore, the remainder being in short
tons of low grade copper ore.

The magnetite deposits contain more than 50 percent iron with gold,
silver and copper in amounts averaging $2.00 per ton.

Most of the known bopper reserves have been mined. However, a considerable
amount of relatively low grade (2 percent) ore has not been exploited.

Future Possibilities

The localization of ore deposits along the southwestern coast of the
peninsula suggests that future discoveries will be more likely along

~this zone than elsewhere, The size of the present ore bodies would

indicate that future.discoveries will be small but of probable high grade
ore, . T : R
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ORANGE HILL, NABESNA DISTRICT, ALASKA
COPPER PORPHYRY

Location

Orange Hill is a rounded isolated knob'on the east side of the Nabesna River near
the end o€ the Nabesna Olacierx,

History

Many claims, predominantly for copper, were staked as early as 1899 by prospectors
attracted to the arca because of the iron stained rocks from which the hill derived
its name. Van Alstine, of the U,S. Geological Survey, investigated the area in
1942 and R, F, Black in 1944,

Prior to 1970 the Alaska Nabesna Corporation completed an extensive diamond drilling
program. In 1970 and 1971 the American Exploration Co. drilled a large low grade
copper deposit at Orange Hill, Other companies including Alvenco of Anchorage were
also active. '

In 1971 Wallace McGregor of Salt Lake City, Utah was active with a crew of geologists
and Orange Hill was mapped in detail.

Geology N . .

[

Orange Hill i{s part of a mass of quartz diorite of probable Jurassic age iatruded into
the group of bedded Permian rocks that includes basic lava flows, graywacke and a
thick deposit of limestone., The limestone contains associated dikes and sills.

Ore Minerals

The predominant sulfide minerals include bornite, chalcopyrite, molybdenite, and
~ sphalerite,

Reserves

The results of the diamond drilling completed by various companies is considered

. proprietary information and is not generally available, However, the reserves are
considered to be of large magnitude (several hundred million tons of ore that ranges

© from .3 to .5 percent copper) There is also the possibility of molybdenum production
- from this area. ‘

Future of the Prospect

Copper sulfides are widely and uniformly distributed throughout a great mass of rock.
Development will be dependent on the discovery of enough high grade ore to give an
initial stimulus to allow building mining and milling facilities. An increase in the

price of copper or demand for addttionnl copper could also make the prospect commercially
feasible, : : A S . .
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COAL

The principal coal fields In Alaska are included in five major regions:
(1) the northern Alaska region which includes extensive but little known and
undeveloped coal fields in the Arctic siope north of the Brooks Range; (2) the
central Alaska region which includes the Nenana coal field, the only coal
field being exploited at the present date, and minor occurrences of coal-
bearing rocks on tho Seward Peninsula and in the Yukon and Kobuk River
basins; (3) the Cook Inlet-Susitna region Including the Kenai, SusiTna, MatTanuska
and Broad Pass cosl fields; (4) the Alaskan Peninsula region, including Herendeen
Bay, Unga Island and Chignik coal fields; and (5) the southeastern Alaska
region, including the Bering River coal field and several minor coal
localities to the southeast of the mainland and on several islands south of
Juneau (See map showing coal field locations).

NORTHERN ALASKA REGION

Coal-bearing rocks of late Cretaccous age underlie an estimated
27,000 square miles north of the Brooks Range in an area extending along
the foot of the mountains from Cape Lisburne eastward to the longitude of
the lower Colville River, and northward to the Arctic Coast at Peard Bay.
Structural folding of these beds has been moderate, decreasing in intensity
to the north.

¥

East of Cape Lisburne in the Corwin district there are at least 20 beds
of bituminous coal from 2 1/2 to 9 feet in thickness exposed in the coastal
bluffs. Some 37 coal beds 2 to 10 feet thick are exposed along the lower
25 miles of the Kukpowruk River. These beds range from 2 to |0 feet in thickness
and are of bituminous rank.

Other coal beds 2 to 10 feet in thickness occur along the middle courses
of the Kokolik and Utukok rivers. Coal beds also crop out along the Colville
River and its principal tributaries and along the Arctic Coast. Although
the coal outcrops are limited to stream valleys and exposures along the
coast, it has been assumed that the observed beds underliie much of the inter=
vening areas and the reserves of bituminous and subbituminous coals are
very large. (Latest estimates are 120 billion tons).

CENTRAL_ALASKA REGION

Kobuk River: Coal (of probable Late CreTaceous age) has been found in the

following areas:

l.. Along the Kobuk River and eastward to The headwafers of the Koyukuk
. River.

* 2. On the north side of the Kobuk between TrunaTy Creek and the
Kallarichuk River (several thin coal beds are exposed in the river
biluffs including several 2 to 3 feet Thock).

3. On the Hunt River. .
4, Lower Ambler River,



5. Kogoluktuk River.
6. In the Lockwood Hills near the Pah River. Farther east in this

same belt, 9 to 10 feet of clean coal occurs on the middie fork of the

Koyukuk R|Ver.
Nearly all the coal in the Kobuk River area is bifumlnous in rank.

Soward Poninsula:  Tho only significant coal daposits are on +ho Kugruk
River, about 15 miles west of Candlo. Along the river I8 teat, of lignite

in three scams separated by several inches of clay has been reported. These
arasadle Late Cretaceous coal beds dip nearly 70°. One bed on' Chicago Creek
dips 33° and is reported to be at least 85 feet thick. A drill hole half

a mile northwest of the coal outcrop penetrated the top of the coal at 7
feet Indicating the possibility of stripping part of the area.

Unalakleet District: Lignite coal has been reported at two locaiities near
Unalakleet. A small amount of coal was mined from the shore of Nortfon Sound.
This field is about 16 square miloes in area in a shallow Tertiary structural

basin in which dips around the border range from 5 to 10° (includes 30 coal

beds ranging from | foot to 7 feet in thickness). The coal Is subbituminous: ;

in rank and relatively high is ash. P

Cook_Intet-Susitna Reqion: Thi egion includes the Broad Pass, Susitna,
Matanuska and Kenai coal flelbs al)l of which are Tertiary in age. The Broad
Pass, Susitna and Kenal fields™ confasn subbituminous and lignite coals; the

© Matanuska field,coals are predominantiy bituminous with minor subbituminous

and anthracite ranked coals.,

Broad Pass Coal Field: Located just south of the divide of the Alaska Range
on the headwaters of the Chulitna River. There are only two known areas

of coal-bearing rocks; seven square miles on Costello Creek and | 1/2 square
miles near Broad Pass. However, the total area underlann by these coal-
bearing rocks is probably much larger.

Matanuska Coal Fields: The Matanuska Coal Field occupies much of the
Matanuska Valley and includes several beds of coal in a belt extending
from a point near-the head of the Valley westward to the Susitna River
Valley. All the coal occurs in sediments of Tertiary age. The area is
broken down into several disfricts further defined as the western part and
the eastern part with a graduation in coal rank from subbituminous in the
west 1o a small area of anthracite in the east. The western part consists
of the Little Susitna and the Wishbone Hill districts. The Little Susitna
district is between the Little Susitna River and the southern front of the
Talkeetna Mountains. The only coal mined from this district has been from
a strip mine near Houston.

The Wishbone Hill district is about 10 miles northeast of Palmer.
Coal underlies an area of about |5 square miles occuring in a northeastward
trending syncline with moderately dipping limbs. The early Tertiary
age coal is bituminous iIn rank and ranges from a few inches to 23 feet In

“thickness. .

To the east the Chickaloon coal district includes an area of about
12 square miles. The structure is dominantly synclinal with belts of tight
folding locally superimposed on the synciine. The coal is low-volatile
bituminous in rank and occurs in lenticular beds ranging from.a few: inches

. To |4 feet or more In thicknass.



Tho Anthracito Ridgo district is about 12 milos cast of Chickaloon.
The district is about 30 square miles in arca and extends from the south
slope of Anthracite Ridge southward to the Matanuska River. Tho structure
of most of the district is characterized by broad open folds but around
the front of Anthracite Ridge the beds have been compressed into tight
folds with compiex high-angle faulting. The coals rangae in rank from
anthracite in the deformed western part to bituminous in the southern part.
The coal beds range In thickness from a few inches to 34 feet, but all tend
F¥a pinch euF Fapialy in lateral directiens,

Susitna Coal Field: The Susitna Coal Fiold is "~ located north
of Cook Inlet between the Talkeetna Mountains on the wast and the Alaska
Range on the north and west. Much of the coal-bearing rocks are covered
but thelr exposure, distribution, and attitudes suggest that they underiie
an area of about 5000 square miles. However, nearly all the potential
reserves lie within a 400 square mile area in the .basins of the Beluga and
Chuitna Rivors.,

A large number of coal beds of subbituminous and lignite rank ranging
‘from 2 feet to more than 50 feoet in thickness are in the Beluga-Chuitna area.
The attached geologic map and cross-sections demonstrate the distribution
of the coal beds. A considerable amount of this coal could be mined by
stripping. ’

Kenai_Coal Field: The Kenai Coal Field is on the east side of the Kenai
Peninsula, on the, lowland between the Kenai Mountains and Cook Inlet. The
area is broken down into two districts: +the Kenai district is overlain

by several hundred feet of surficial deposits and although the coal-bearing
beds are present, it probably will not be economically feasible to attempt
to mine the coal. The Homer district is 1100 square miles in area and
includes a thick sequence of Tertiary coal-bearing sediments in the area

of Kachemak Bay and along the shores of the Cook Inlet. The rocks are in a
broad structural basin modified by high angle faulting. In this area there
are 30 or more coal beds ranging from 3 to 7 feet in thickness. The coal
ranges in rank from lignite to subbituminous B, but the greater part is
subbituminous C. Only a few thousand tons of coal have been produced from
this area.

ALASKA PENINSULA REGION

Coal is present In three areas:

I. Herendeen Bay Coal Field: Coal occurs in the Late Cretaceous
and underiies at least 40 square miles of the Alaska Peninsula between
Herendeen Bay and Port Moller. The beds are moderately folded and cut
by small faults. The coal is bituminous in rank and occurs in closely
spaced beds ranging from a few inches to 7 feet in Thickness.

The extent of these beds is not known and no reliable estimates of
coal reserves are avallable.

2. Unga Island Coal Field: About 40 square miles are underlain by
coal-bearung rocks of Tertiary age on the northwest part of Unga island. The
maximum thickness of one bed approached 4 feet but mosf are only a few Inches
thick. The dips of coal-bear!ng beds range from 8 to |

53.
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3. Chignik Coal Field (Alaskun Peninsula): The Chignik coal field
is on the wost shore of Chignik Bay about 250 miles southwest of Kodiak.

The age of the coal=-boaring rock is Late Cretaceous. The coal is confined
to a bolt about 25 miles long and | to 3 miles wide. The coal is bituminous
in rank and the beds range from | to 5 feet in thickness. The structure is
thought to be moderate with dips of 219 to 349,

SOUTHEASTERN ALASKA REGION

The southcastern Alaska region includes a narrow coastal belt extending
from Cordova eastward to Yakutat Bay as well as southeastern Alaska. There
are two areas of interest:

I. Bering River Coal Field: Coal-bearing rocks of Early Tertiary
age have been mapped in a more or less continous belt (about 50 square
miles) northeastward from the east shorc of Bering Lake. The structure is
complex with tight folds and numerous faults. The coal ranges in rank
from low-volatile bituminous to anthracite in the eastern part. Thickness
ranges from a few inches to 60 feet, but much of the coal Is strongly
crushed and sheared. No reliable estimate of reserves can be given because
of compiex structure and lack of continuity of the beds.

KOOTZNAHOO INLET

Tertiary beds that locally contaln coal underlie about 20 square miles
on The north and south side of Kootznahoo Iinlet on the west side of
Admirelty Island. The bituminous beds are 2 to 3 feet thick but contain
shale partings.

The estimated original coal resources in Alaska and analyses showing
range in composition and heating volumes for selected coals are attached.
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Tantr 4a.~—Analyses showing range in composition and heating value on as-received-basis of some Alaskan coals
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Reglon, (lold, and dlstrict Bourco of samplos Rank of coal Molsture | Volntlle Fixed Ash Bulfur D.tu,
. U minttor carbon
Qantrl Alaskn Recinn: : . - .
Nonann conl ficld . cccavescerarsaccannsssconcacsnee| MINo iiiiveaana. aeea| Bubbltuminons........| 17.8-27.1 [ 1.2+42.0{ 27.1-35.3 3.5-13.2{ 0.1-0% 1 7,070~ 9,430
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Taprx 4(b).— Estimated original coal resources in Alaska
SUDBDITUMINOUS COAL AND LIGNITE

.

[Tn millions of short lons)

Mooasured resources Indicated resources Inforred resourcos Toul resources
e e e —
o Coalfisld and distriot Overburdon | Bed thickness (leot) ol Dod thickness (fect) otnl Bod thickncss (fect) Totnl Dod thickinas (feet) Total
. .. . . (foot) :?n:'\!- indi- in- allcatoe
‘ ured cntod ferred v gorics
' 2548 | 610 | D10 2)5-8] 8-10 | >10 2355 810§ >10 20461 &0 | >10
—_— .
woml 1071 1230
N'"ﬁ'.‘\': t"rnt!o "!'.‘......................... 1o 1;14'. (4 1’7'; 2
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ST ST e e e ‘ 5.0 5.0 ] 45,81 6l [omaenea] £0.9
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TanLx 4(b).—Estimated original coal resources in Alaska—Continued.
SUBBITUMINOUS OOAL AND LIGNITE ‘
2 [In millions of sbort tons)
Measurod resourccs Indicated rosources Inferred resources Total resources
’ Overburden A
. Coalfield and district (feot) Bed thickness (fcet) Bed thickness (fcot) Bod thickness (fcot) Bod thickness (fcct)
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" Xana! coal ficld
. Homer dlstrict. 0-1,000 I 245.4 | 64.0 300.0 Jenoneefoerone]aarsacac]eacannan 245.6 [ 540 |ewnecae- 300.0
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COAL RESERVES, BELUGA AND CHUITNA RIVERS AND CAPPS GLACIER AREAS, ALASKA

INTRODUCTION

This report outlines the major known coal resources of the Beluga and
Chuitna River drainages and the area south of Capps Glacier, Alaska. This
area has previously been mapped (Barnes, 1966) as a part of the Beluga-
Yentna region. The area covered by the present investigation is about 468
square miles in extent and is defined as the area between Beluga River
and Nikolai Creek, bounded on the north by Beluga Lake and on the south by
the northwest shoreline of Cook Inlet., The mouth of the Beluga River at the
south end of the area under 1nvestigation is approximately 50 airmiles due
west of Anchorage, Alaska.

This report was written to aid in the appraisal of the coal resources
of this area. The size of the area under study was deliberately limited to
include the largest reserves and those that could be most easily recovered
and transported.

Previous investigations include Atwood (1909, p. 117-121) who in 1906
examined and measured sections of coal-bearing rocks on the beach near
Tyonek and on the Beluga River.. In 1927 Capps traversed from the coast
south of Tyonek northwestward to Chakachamna Lake and mapped an area of
Kenai formation ;on the headwaters of Straight Creek.

In 1959-1961 the U.S. Bureau of Mines examined a small area of TL5N.,
R12W., using a diamond drill to determine the quality and extent of a coal
bed more than 50 feet thick exposed on the west bank of Drill Creek
(Warfield, 1963). Field investigations of coal deposits in the Beluga
and Chuitna River basins were made by geologists of the U.S. Steel
Corporation in 1961 and 1962, The Utah Construction and Mining Co. examined
the same areas with the aid of a portable drill in 1962 and 1963,

The most comprehensive geologic study was completed by Barnes (1966)
who did the field work during the summers of 1961 and 1962 preceded by
reconaissance trips in.1949, 1953 and 1954. Barnes (1967) estimated that
the reserves of the Susitna area approach 2.395 billion short tons of
subbituminous and lignite coals mostly confined to a 400 square mile area in
the Beluga-Chuitna River drainage areas.

GEOLOGY
GENERAL STRATIGRAPHY
Tertiary age rocks

The uppermost bedrock unit exposed in the Beluga-Chuitna area is a
sequence of interbedded claystone, siltstone, sandstone and conglomerate that
includes beds of subbituminous coal and lignite. This sequence is considered
to be a continuation of the Tertiary Kenai formation exposed on the west
side of the Kenai Peninsula. Barnes (1966) further separates the Kenai
formation in the Beluga-Chuitna area into a lower and middle member. The
lower member is a non-marine Bequence of light gray to light yellow pebbly
sandstones and conglomerates that contain little or no coal. The middle
member overlies this member conformably as seen from exposures on several
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of the east-flowing headwater tributaries of the Chuitna River. The Middle
Kenai is a sequence of non-marine gray and light yellow claystone, siltstone,
sandstone and conglomerate. Calcareous cemented beds of siltstone are

locally common., The Middle Kenal member contains nearly all the coal reserves
with numerous beds of subbituminous coal and lignite with several beds
exceeding 50 feet in thickness. Barnes (1966) felt that the Kenai formation
is widespread under the Quaternary cover because of the prevalence and
continuity of outcrops. TFor this reason the coal beds probably continue
laterally for greater distances than postulated in the reserve calculations
and reserve figures are considered very conservative.

Direct correlations between the coal-bearing Middle Kenai formation in the
Beluga-Chuitna area and the Kenal formation in drilled wells in the Cook
Inlet have not been made. However, based on the occurrence of thick coals
in the upper part of the Tyonek formation, a logical correlation would indicate
that the Middle Kenai coal-bearing beds of the Beluga-Chuitna area are
equivalent to the upper part of the Tyonek formation where thick coals are
seen in drilled wells throughout the Cook Inlet Basin.

Quaternary rocks

Much of the surface cover in the Beluga-Chuitna-Capps Glacier areas is
glacial deposits, both morainal and outwash. Other Quaternary deposits include
talus and landslide masses. Thé maximum thickness of Quaternary deposits is
about 300 feet along the Beluga and Chuitna Rivers. Recent deposits are
limited to alluvial deposits along present stream systems.

Pyroclastic deposits

South of Capps Glacier an area of about 17 square miles is covered with
volcanic breccia and tuff considered to be at least in part of Tertiary age
(Barnes, 1966).

Intrusive rocks

The only known occurrence of an intrusive rock mass in the area under
study is the Lone Ridge granite, probably of Middle Jurassic age (Grantz
and others, 1963, p. 56-59).

STRUCTURE

Structural details are visible only in those areas along the Beluga and
Chuitna Rivers, south and southeast of Capps Glacier, and along Drill Creek
east of Beluga Lake. Most of the area studied is covered with thin
Quaternary sediments.

Castle Mountain Fault

Evidence for the Castle Mountain fault is seen in the steep dips
and sheared beds on the Chuitna and Beluga Rivers and further supported by
the presence of Middle Kenal sediments against older Lower Kenai sediments.
This fault zone is probably the southwest continuation of the Castle Mountain
fault mapped by Barnes and Payne (1956) along the north side of the
Matanuska Valley.

Section II', drawn at approximately right angles to the bed strike along
the Beluga River demonstrates the Castle Mountain fault zone and field
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mapped faults near the axial plane of the postulated anticline and near
location 132 on the base geologic map. Steep dips are associated with both
these faults. Minor faulting has also been mapped along the Chuitna drainage
in section 23, T12N, R12E.

Folding

There is a simple anticlinal structure about 6 miles above the mouth of
the Chuitna River. This structure has a gently dipping east limb and a
moderately steep dipping west limb. The axial trend is about N15°E.

The Beluga River 1s crossed by an easterly plunging gentle syncline in
sections 33 and 34, T14N, R11W. An anticlinal structure is suggested south
of the syncline by sparse dips and structural cross-section 1ll' has been
drawn to include this feature. Barnes (1966) has suggested that faulting may
be responsible for this dip pattern. Folding and faulting may be related to
splay patterns developed from the Castle Mountain fault.

Dips are generally very gentle other than when related to faulting. This
is especially true along the Chuitna River drainage and this area is most
favorable for commercial strip mining of the coal deposits.

SUMMARY AND CONCLUSIONS

Cross-sectiions were constructed in the Chuitna, Beluga and Capps Glacier
areas to demonstrate the low structural relief. Measured coal sections
were integrated into these cross-sections and the cumulative coal thicknesses
were used in the reserve calculations.

Section II' along the Beluga River at right angles to the strike indicates
that structural problems would be encountered along the Beluga River, but in
general structural relief is low with most of the dips under 15 degrees.
Maximum thickness of Quaternary overburden is about 300 feet and the ratio
of overburden to coal thickness is favorable.

Evaluation of the reserves away from the outcrop areas will require
additional core hole information.

ECONOMIC CONSIDERATIONS
Physical aspects of the coal

The coal is classified as subbituminous to lignite and is dull black,
locally with a slight brownish tinge and includes a few thin layers and lenses
of bright vitrain. The moisture content is high, 21-33 percent and ash content
is generally high ranging from 2.1 to 22.2 percent. Sulfur content is low,
generally .2-.3 percent and heating values average 10,500 BTU for a composite
average of 47 samples (Barnaes, 1966).

Reserve calculations and parameters

Regerve calculations have been made using the limiting parameters
established by the U.S. Geological Survey as follow: "In computing the
reserves the area underlain by a flat or gently dipping coal bed was determined
by assuming that an outcrop establishes continuity for half a mile in all
directions except where the bed is known to be terminated at a shorter
distance by thinning, faulting or erosion.”
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The Chuitna, Beluga and Capps coal beds because of their thickness
and outcrop continuity have more lateral continuity and it was assumed that
each bed extends back from the outcrop for a distance equal to half the
known outcrop length. Areas with structural complications and coal beds that
project below the 1000 foot overburden limit were not included in the reserve
calculations. Coal beds less than 1 foot thick were not included in the
cumulative reserves.

Reserve calculations in this report are limited to three areas (Beluga
River, Chuitna River, and Capps Glacier) where outcrop control is sufficieant
to indicate potentially commercial coal production. There is, in addition to
the above areas, a small coal body along Drill Creek, section 10, 11, 14 and
15, T15N., R12W., which was diamond drilled by the U.S. Bureau of Mines in
1959-1961, blocking out approximately 20 million tons of coal reserves.

For comparative purposes one ton of coal is considered equivalent to
4 barrels of oil. This ratio is based on the type of coal, BTIU content,
and the amount of moisture and ash contained in the coal.

COAL RESERVES (in short tons)

Capps Glacier Area, 550,000,000 short tons
Beluga River Area’ 150,000,000 short tons
Ch?itna River Area 1,560,000,000 short tons

TOTAL 2.26 billion short tons
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OIL AND GAS

0il and gas seeps are present near the Arctic coast, on the Alaska
Peninsula, and in the vicinity of the Gulf coast of Alaska.

0i1 was first produced in 1902, when the small Katalla field was located
in tha midst of & secpage arca, but no fmportant production was obtained
until the discovery of the Swanson River 0il1 field in 1957 and the Kenai
gas field in 1959. . Presently there are 5 0il fields and 4 gas fields |
producing in the upper Cook Inlet province, with a cumulative production
through 1971 of 400 million barrels of 0il1 and about 850 billion cubic
feet of natural gas.

The only other production in the state at this time is from the small
South Barrow gas field, which supplies gas for the town of Pt. Barrow,
and from one well at Prudhoe Bay, which supplies fuel for local use
.there.

The enormous 011 and gas reserves in the Prudhoe Bay field area, dis-
covered in 1968, are still at least 3 years from production due to
delays in pipeline construction.

In addition to the proven reserves listed above, there are a number of
sedimentary provmnces within the state that are favorable for-oil and
gas explorati'on, and these areas are briefly described in the fol]owmng
text. A map outlining the most prospective prov1nces also accompanies
this report (Figure 14).

NORTHERN ALASKA

The Arctic Slope province consists of about 100,000 square miles lying
between the southern Brooks Range and the Arctic Ocean. Most of this
area can be considered prospective for o0il and gas.

and volcanics
The oldest rocks are metasedimentsAof pre-Cambrian through Ordovician
age that are exposed in the eastern Brooks Range. Overlying these
are limes, dolomites, sands, conglomerates and shales ranging from
Silurian through Devonian age. Some ‘of the limestones have considerable
porosity. The Mississippian-Pensylvanian Lisburne Group, mainly lime,
dolomite, and chert up to 5000 feet thick, makes up a major portion of
the Brooks Range from east to west and extends in the subsurface at least

"to the Arctic Ocean. This unit is commonly petroliferous, and forms a

commercial oil and gas reservoir at Prudhoe Bay.

The Southern Foothills province is a severely faulted and folded band
10 to 40 miles wide in front of the Brooks Range, underlain by marine
Permo-Triassic shales and cherts, some of which grade eastward into
sandstone, overlain by Jurassic and early Cretaceous graywacke and
mudstone. With the exception of local 0il shales and some asphaitic
matter, these beds are poorly prospective. The Permo-Triassic sande
stones become highly porous to the north, and contain the bulk of the
giant Prudhoe Bay oil reserves.

e —r——— —
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The Northern Foothills province is 30 to 80 miles wide across most of
the Slope, and is characterized by broad open folding. This province

is underlain by middle to late Cretaceous sand, conglomerate, and shale
with minor volcanics and coal, from 6,000 to 20,000 feet thick. These
beds are mainly non-marine in the south, grading northward to marine
beds. Generally porosities are low, but local strand deposits have
resulted in o1l and gas reservoirs at Umiat, Gubik, East Umiat, Meade,
and Square Lake. Shows of 0il and gas occur in nearly all wells drilled
in this province. '

The Arctic Coastal Plain province, a vast lake-dotted tundra plain,
stretches from the foothills to the Arctic Ocean, Most of the cover is
unconsolidated Quaternary deposits, with a few low rolling hills under-
lain by Tertiary gravels. Structurally, the Plain is south-dipping
monocline that rises and thins northward onto the Barrow arch and the
Prudhoe Bay anticlinal trend. Over 20,000 feet of Paleozoic through
Tertiary rocks are present at the south edge of the Plain, thinning to
less than 3000 feet at Barrow and about 12,000 feet at Prudhoe Bay.
Mississippian-Pennsylvanian Lisburne limes and Permo-Triassic sand-
stones produce oil and gas at Prudhoe Bay. Jurassic sandstone is the
gas reservoir at South Barrow, and Cretaceous sands form the oil reservoirs
at Kuparuk, Simpson, and Fish Creek. Sands of probably Tertiary age
~contain the vast reserves of-heavy black o0il of the West Sak-Kavearak
Point field, west of Prudhoe Bay.

4
The Arctic coastal shelf, covering an area of 80,000 square miles of
water shallower than 600 feet, may have an important potential for
0il and gas in rocks ranging from Mississippian through Tertiary age.

The 37,000 square-mile Naval Petroleum Reserve 4 was set aside in 1923,
and an extensive exploration program was carried out by the U.S. Navy
from 1944 to 1953. This project resulted in the discovery of Umiat

(70 mi1lion barrels), Simpson (12 million barrels), and Fish Creek

oil fields; and Gubik (300 billion CF), South Barrow (7 billion CF),
Meade and Square Lake gas fields.

Subsequent exploration by the 0il industry has resulted in the discovery

of Prudhoe Bay (15 billion barrels), Kuparuk (2 billion barrels), and

West Sak (about 15 billion barrels of heavy 0i1). Gas discoveries »
include East Umiat, Kavik, and Fin Creek fields, all of undetermined
reserves.,

Productive reservoir rocks range from Mississippian to Tertiary in age.
The bulk of the vast Prudhoe Bay reserves are in Permo-Triassic sand=
stone, with minor reserves in the Mississippian-Pennsylvanian Lisburne
limestone section (see illustrations). Permo-Triassic sandstones contain
the gas reserves at Kavik and Fin Creek. Nearly all the remaining
reservoirs on the Arctic Slope are in Cretaceous sandstones, with the
conspicuous exception of the West Sak heavy o011 accumulation in sandstones
of probably Tertiary age.

Large areas of the western and southern Slope are completely unexplored ==
areas underlain by thousands of feet of prospective Paleozoic and Mesozoic
rocks, and strewn with anticlinal structures. In the Arctic Wildlife

Range, on the eastern Slope, lies the large Marsilreek anticline with

sevaeral thousand feet of marine Tertiary beds, including outcropping oil sands.

7 8
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PRUDINOE BAY FIELD

After this discussion of the stratigraphy and
structurc of the Prudhoc Bay field as it relates to
the surrounding areas, a more detailed description
will now be given of the Prudhoe Bay field itseclf.
Figure 7 ghows in a diagrammatic way, and it must ba
emphasized that it 1is only diagrammatic, the form of
the Prudhot Bay ficld and the nature of the trapping
mechanism. Throughout most of the ficld the beds
dip to the south and southwest, and there is only
a slight turn-over near the fault at the northern
margin., Closure on the castexrn side of the field %8
provided by the truncation of the Sadlerochit sand
and its scaling under the impermeable cover of
Cretaceous shales which have an easterly to northe
casterly dip at the truncation. Figure 8 is an
ecast~-west cross section across the Colville and
Prudhoe structures which i1llustrates the nature of
the Prudhoe Bay trap. Although in the general
discussion it was stated that the Upper Scquence
has a northerly dip, in fact in this area there is
also-a distinct easterly component to the dip. '

One feature of great interest and importance
vhich can be readily observed from the map and the
sections is that the oil could not possibly have
been present in the Prudhoe Bay structure until
after the unconformable seal had been laid down. We
can say with certainty, therefore, the oil was not
present in the Sadlerochit sand pool of the Prudhoe
Field until later than the Barremian.

"The queation of the age of the oil ia one of
absorbing interest to petroleum geologists, and it
may be a long time before this question can be
angwered with certainty. There are two main
hypotheses concerning the age of the oil,
is that the oil was generated within the sediments of

' the Lower Sequence and was epilled from traps

deeper in the basin, after the Prudhoe Bay structure
was sealed, by the pronounced southerly tilting

of the northern flank of the Colville Basin during
the Cretaceous period. The second hypothesis is
that the oil is of Cretacecous age and migrated into
the Triassic reservoir across the plane of uncon-
formity, The scdiments of both the Lower Sequence
and the Cretaceous are both of types normally re-
garded as suitable source rocks and oil shows are
also known in both sequences and, therefore, little
can be proved by this approach.

RESERVOIR FLUIDS

A very brief account shall now be given of the .
fluids in the main Sadlerochit pool of the Prudhoe
Bay field.

1

(1) 041 reserves in the main ‘pool cannot ba
given at present. lowever, we do havae the report
given by DuGolyor and MacNaughton that in the DP
leases alone the minimum rescrves recoverable, by
primary mcans are 4.8 billion barrela. This is a
conservative eatimate, and it is safe to say that
this {s the largest oil pool in North America. Ale~
though the productive capacity of the field cannot
be given at present, the results of tests of one
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well, the BP Put River No. 1 (27-11-14), will give
some idea of the potential of the ficld. The 7-inch
casing was selectively perforated from 8,700 feet to
9,000 feet through a 300-foot sand interval. Tubing
and surface test equipment were installed, and the
well was tested at various rates by flowing oil from
the annulus between the 7-inch casing and the 2-7/8-
inch tubing through a 3-i{nch surface choke, During a
four-hour flow period the oil rate was estimated at
21,500 b/d at a flowing surface pressure of 775 psi.
This was the maximum rate at which the well was tested.

(2) Figure 9 shows in tabular form the compo-
pition of the 01l and of the digsolved gas. Some of
the most significant features i{n this table are as
follows., The reservoir temperature ia 200°F which in=
dicates a fairly high thermal gradient to the base of
the permafrost of about 2,3°F/100 ft. The gravity of

* the oil 1a about 28° API, and there is some heavier

01l at the base of the o1l column. The sulphur is
moderately low, 0.8-0.95 percent. There 1s a low wax
content, low viscosity, and low pour point (25°F)
which 18 a very fortunate feature of the oil in view
of {ta production in the frozen north. A most inter=-
esting fecature of the oil 1s the very low proportion
of tha lighter fractions of the oil in the range of |
C3-C¢, The solution gas has an unusually high conteant
of carbon dioxide.

(3) The formation water has a relatively low

_ salinity of about 20,000 ppm total dissolved solids.

SUMMARY

A summary 1is givgﬁ‘below of what appear to be the
most important facts known at present which could have
a bearing on the generation, migration, and trapping

' of the 01l in the Prudh@e Bay field.

(1) ‘The reservoir beds are on the north flank of
the basin of deposition.

(2) The field is at the southerly limit of the
northward downwarping toward the new Arctic Ocean
basin.

(3) It is basically a stratigraphic trap, with
a Triasaic reservoir sealed by an unconformable cover
of Lower Cretaceous shales.

(4) The trap was not filled with oil uatil after
the Barremian times.

(5) There 1s a fairly high temperature gradient
at the field.

(6) The formation-water salinity is low.

(7) There are various peculiarities in the oil
composition, notably the low content of the lighter
fractions, .

(8) There 18 heavier oil at the base of tha oil
colunn,

That is a 1ist of what appcar to be the most im=
portant facte known at tha preoont relating to the
origin of the Prudhoe Bay Sadlerochit pool. The task

i . facing the petroleum industry is to develop this -cnore

mous ncw asset of the United States without producing
any adverse effect on the surface of the ground on

this unspoilt noxthern frontier. We, in the petrolcun
industry, know we have the means and the will to ac-
complish this. ,

. .
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SOQUTHERN ALASKA

Alaska Peninsula - Cook Inlet Province

This province is located on the Matanuska Geosyncline -- a narrow belt

of moderately deformed marine Mesozoic sedimentary rocks more than 900
miles long and from 5 to 50 miles wide, which ecxtends from the Chitina
valley ncar Canada to the outer Alaska Peninsula. 011 and gas seeps

have long been known from these rocks on the Peninsula. These Jurassic
and Cretaceous strata, with a composite thickness of 35,000 feet or

more, and the overlying Tertiary sediments, whose composite thickness
exceeds 25,000 feet, together make up the favorable rocks of the Alaska
Peninsula-Cook Inlet petroleum province. About 30,000 square miles of
this area are considered more or less prospective for 0il and gas, with
the remainder of the province being unfavorably affected by metamorphism,
intrusions, extreme deformation, and low permeability. Test wells in

the late Mesozoic rocks have found numerous 0il and gas shows, but no
production has yet been obtained, due mainly to impaired permeability.
Fossiliferous Permian and Triassic limestone is known to underlie the ’
later Mesozoic rocks, and the Traissic limes are locally petroliferous.

Successful oil and gas prospecting in these Mesozoic strata will depend -
on finding adequate reservoir rocks in favorable structural and strati-
graphic situafions.

Non-marine Tertiary sedimentary rocks are exposed along the northwest

shore of Shelikof Strait (west of Kodiak Island), and both marine and
non-marine Tertiary sediments are present in the Unga Island area.

Scanty seismic information suggests as much as 5,000 feet or so of

Tertiary section is present in Shelikof Strait, so this area can be
considered prospective in Tertiary and underlying Mesozoic rocks. The -
outstanding obstacles to exploration are deep water and consistently
atrocious weather conditions.

Reserves of about 2 billion barrels of o0il and 5 trillion cubic feet of
gas, with a current 0il production of over 200,000 barrels per day have
established the Cook Inlet area as a major petroleum province. The oil
and gas reservoirs are in non-marine, deltaic, and estuarine Tertiary
deposits trapped by closed anticlines (see report and map showing Kenai
Group isopachs and o0il and gas fields). The Susitna lowland, a sedi-
mentary embayment of about 1000 square miles lying north of Cook Inlet,
contains up to 10,000 feet of Tertiary non-marine sediments, but has been
tested by only a single well. The lower part of Cook Inlet, southwest
of Kalgin Island, has likewise been untested by the drill, although a
thick prospective Tertiary section is present. Part of the reason here
is existing litigation between the U.S. and Alaska governments as to
ownership.

The thick Cook Inlet Tertiary section is underlain by Mesozoic rocks
ranging from Triassic through late Cretaceous, but to date no signifi-
cant;oil saturation has been found in wells penetrating the pre-Tertiary
rocks. , IR .
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PREL IMINARY REPORT

KENAI GROUP OF COOK INLET BASIN, ALASKA

INTRODUCT ION

The Cook Inlot Basin in southconira! Alaska is a northoucst=tronding
intormountain trough about 200 miles long and 60 miles wide, boundcd
on the northwest by the southern Alaska Range and the Castle Mountain
fault, and on the southcast by the Chugach Mountains. The basin is

. filled with about 20,000 cubic miles of Tertiary Kenai Group sediments

contalning known recoverable reserves of at least 1.5 billion barrels
of oil and 3.5 trillion cubic feet of gas (Kirschner, i971). Exploration
for new reserves is continuing.

This preliminary report is a summary interpretation of presentiy-known
stratigraphy of the Kenal Group (early middie Tertiary to Quaternary
ago) In the north-central part of the basin, where nearly all Cook Inlet
wells have beon drilled. As seismlc information is not availablo 1o

the State, detailed subsurface structure cannot be incorporated in

this report, which Is intended to be a guide to areas containing types

and thicknesses of Kenai rocks most favorable for oil and gas exploration.

!
STRAT | GRAPHY
General

The Kenai Group is more than 20,000 feet thick In the deepest parts of

Cook Inlet Basin, and is divided into five formations as proposed by
Calderwood and Fackler (Bull. AAPG, v. 56, #4); named from oldest to

youngest the West Foreland Formation, Hemlock Conglomerate, Tyonek Formation,
Beluga Formation, and Sterling Formation. In this study, strata of Quaternary
age are inciuded with the Sterling Formation due 1o uncertainty in determining
their contact.

Using limited outcrop and locally abundant well data, an isopach map has
been made for each formation 'of the Kenal Group, as well as for the total
thickness of the Group. These maps show thickness penetrated by wells
uncorrected for dip.

West Foreland Formation

West Foreland strata were distributed widely over the basin upon an '
undulating erosional surface of Mesozoic and early Tertiary rocks, probably
by stream and current action in a shallow estuarine environment. Volcanics
ara present in wells near Trading Bay, but more typical are interbedded
siltstonos, tuffaceous claystones, sandstones, and conglomerates with a few
coal beds., Thero Is scme possibility that outcrops of congiomerate and

tuft south of Capps Glacier (up to 3500 feet thick) may be equivalont to
Viest Foreland, but they were not mapped as such in this report. Oii
production from the West Foreland is presently limited to sands in the
McArthur River field, where cumulative production is-about 6,000,000 barrels.
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Chugach renge and Alaska range, which wero being uplifted svrongly &v +ais
+ima. This depositional phase, medificd by Quaternary to Recont glecial

soour ond recession, has left the basin essantially in its present stave. -

Lowor S+eiriing sands are major ges reservoirs at tho Swanson River, Boaver
Creck, Kenai, Coiugu Rivor, and Norin Cock infet fieids. Cumulavive
production is over 330 bililon cubic feot.

SLYMARY AND CONCLUS 1 ONS

A set of six isopach maps accompanies This report, showing the form and
approximate extcnt of The verious formations of the Kenai Group in Cook
Inlet Besin, and 2iso the relation of productive Fields to Thickness.

In gonerai, producing tields are arrayed aiong the flanks of the Thicker
ceposits of each formation, suggesting origin of hydrocarbons in The deeper
parTs of the basin and subsequent migration foward the shaliower areas.

Threo major areas of The basin appeer 7o be relatively untested: 1) An
easTcrn basin flanking the Chugach ranges wos aciive during Hemiock, and
again during Boluga and Steriing deposition; This area may be prospecTtive
tor both oil «nd gas. Unfortunateiy, i+ is also involved in The proposed
Kenai Wilderness withdrawal., 2) A possidbie easvern edge line is indicated
for the Hemiock Conglomerate, Trending roughly southeastwarg from Sashta
Bay, passing several miles east of Swanson River, and heading Towerd The
Skilck Lake area. Both of these prospective areas will depend on favorable
sTiructure tor commarcial oil or ges accumuiations. 3) Lower Cook Inlet,
southwest OFf Kalgin lIsiand, is viriually untested, due mainiy 7o existing
litigation as to ownership between the Federai and State governments.

There are, then, large areas of the Cook inlet Basin thaT are quite
prospective for important new oll and gas reserves.
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Copper River Lowland

The southern part of the Copper River lowland is underlain by the same
series of Mesozoic rocks as the rest of the Alaska Peninsula-Cook Inlet
province, with the addition of a Palcozoic sedimentary and volcanic
scction which is exposed to the north and southecast of the lowland
margins. The Paleozoic rocks areseverly deformed and altered, which
tends to remove them from consideration as prospective petroleum reservoirs.
Tertiary rocks are limited to a local thin veneer of fluvial gravel. The
composite Mesozoic section totals about 25,000 feet in thickness, but
because of abundant unconformities and overlaps the section is usually
less than half that thickness in any particular location. Marine
strata predominate, and some early Cretaceous limestone and graywackes
have a petroliferous odor, but several test wells drilled in the province
have found a lack of reservoir development. One test, the Pan American
Moose Creek well, encountered a gassy salt water flow in Cretaceous
sandstone, but without significant 0il shows. Several springs with mud
mounds occur in the eastern part of the area, accompanied by gas composed
of nitrogen and methane. As in the Alaska Peninsula area, success in
hydrocarbon exploration in the Copper River area will depend on local
development of permeable reservoir rocks.

Bristol Bay-Nushagak Lowland --

A broad alluviated plain slopes north to Bristol Bay from the mountainous
backbone of the Alaska Peninsula, forming the Nushagak lowland. This

apron is underlain by Tertiary volcanic and marine sediments up to at

least 13,000 feet in- thickness. The area of the province underlain by

a significant thickness of Tertiary rocks is 30 miles wide and at least

250 miles long, or 7,500 square miles. To the north, northwest, and

. northeast, the lowland is bordered by granitic rocks and by late Mesozoic
shale and graywacke intruded by granitic rocks. To the south, the low-

land is bounded by the petroliferous Mesozoic rocks of the Alaska Peninsula
and the marginal Tertiary sediments and volcanics of the Bristol Bay province,

A pair of test wells near Becharof Lake penetrated 8,800 and 11,000 feet
respectively of intermingled marine and non-marine clastic rocks ranging
from Paleocene to Miocene in age. This section consists of conglomerate, -
sandstone, siltstone, shale, and coal resting on a basement of igneous

-and metamorphie rock, and overlain by late Cenozoic volcanic rocks.

The petroleum possibilities of the Bristol Bay Tertiary province stem
from the thick sequence of interbedded and intertonguing marine and
non-marine Tertiary rocks. Porous and permeable reservoir sandstones

are present, and some encouraging oil and gas shows were encoutered in
the Gulf 0il Company Sandy River test well near Port Moller. Exploration
in this province is continuing, and prospectiveness is considered high.

/

Bering Sea Shelf

Very little is known about the Bering Sea continental shelf, but it
extends off the southwestern Alaska coast for 300 miles and covers an
area of some 180,000 square miles. It 1s likely-that the major Mesozoic






O

71.

tectonic elements on the mainland continue across the shelf area, so that

parts of the shelf may be underlain by belts of late Mesozoic sedimentary
rocks, whose petroleum potential should be similar to their conterparts

on land.

Tertiary rocks arc exposed to the southeast, in the Bristol Bay Tertiary
provinca. Although most of tha shalf may have boan above sea Tovel during
most of Tertiary time, it is possible that sediments could have been
carried across the shelf to accumulate necar its outer edge, perhaps
developing taicknesses sufficient to generate petroleum deposits. A
systematic geophysical survey will be needed to interpret the distribution
anc thicknass ov sedimentary strata in this region.

Pacific Coast Tertiary Province

Petroliferous Tertiary sedimentary rocks are exposed along the Pacific
coast from Icy Point in southeastern Alaska to Chirikof Island in south-
western Alaska, a distance of some 1000 miles, and may extend offshore
to fringe the entire Pacific margin of Alaska. Along the Gulf of Alaska
these rocks contain many 01l and gas seeps and the small Katalla oil
field. The combined area onshore and offshore inferred to be underlain
by thesa rocks between Icy Point and Chirikof Island is about 40,000
square miles. This province can be divided conveniently into two areas,
as follows: ‘

Gulf of Alaska

Tertiary sedimentary rocks extend from the foothills of the Chugach-
St. Elias Mountains to the edge of the continental shelf between Icy
Point and the Copper River delta, 300 miles to the west, and also form
Middleton Island, near the shelf edge 75 miles southwest of the Copper
River. The areas involved are 5,200 square miles onshore and 18,000
square miles offshore.

"The Tertiary rocks are bounded and underlain on the north by Mesozoic

metasediments and metavolcanics, which have no apparent petroleum
potential. The Tertiary section is clastic, marine and non-marine, and
represents each epoch from Eocene to Pleistocene. The aggregate thickness
of Tertiary strata is about 25,000 feet, restzng with angular unconformity
on the late Mesozoic metamorphic rocks.

The oldest Tertiary unit is dark Eocene siltstone, about 3,000 feet thick,
which is a probably petroleum source rock. The siltstone grades upward
into a 9,300-foot unit of intertonguing marine and non-marine, thick-
bedded sandstone, siltstone, shale, and coal. Some 0il and gas seeps

trom outcrops of these rocks. These lower Tertiary rocks are overlain
with possible disconformity by marine mudstone, siltstone, and sandstone,
characterized by glauconlte and interbedded tuff and agglomerate. Maximum
thicknecs of this unit is 6,100 feet, and age ranges from O]1gocene to
carly Miocene. The mudstones and siltstones are highly organic in places,
and the sequence contains many oil and gas seeps and petroliferous beds.
Resting on this sequence with local unconformity is up to 15,000 feet of
marine clastic rocks characterized by abundant glacial material, ranging
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in age from middle Miocene to early Pleistocene. This section consists of
sandstone, siltstone, and marine tillite, and contains a few oil and gas

seeps.

To the north, the Tertiary scction is bounded by the Chugach=St. Elias .
thrust fault system, and in general . structurecconsist. of asymmetric
folds and north-dipping high-angle thrust faults. Intensity of deformation
is greatest near the north boundary, and decreases steadily to the south.

The Gulf of Alaska province has been intensively explored in recent years,
,purruo by the abundant 0il and gas seeps, the presence of the old Ketalla
01l field, and the thick Tertiary sedinentary rock sequence with both
source and reservoir beds. More than 20 test wells have been drilled
onshorae since 1954, without commercial success, due appareptTy to lack of
suitable reservoir rocks in very complex structural situations. Nevertne«
less, abundant evidence of petroieum makes the area very prospective.

The continental shelf area is from 10 to 50 miles wide in this province,
and seismic exploration to date has reportedly revealed the development
of broad, open folding in the thick offshore Tertiary section. Many of
the anticlines are structurally closed, affording a great number of
jmportant offshore prospects that should be offered for lease by U.S.

and State governments in years to come.

‘.

Kodiak Tertiary Subprovince
H

. Tertiary sedimentary rocks similar to those in the Gulf of iAlaska prov1nce

were deposited a]ong the same belt, and some of these rocks are exposed
along the east margin of Kodiak Island, in the Trinity Islands, and on
Chirikof Island. These occurrences extend the known Gulf Tertiary basin
some 450 miles southwest from Middleton Island. If they are part of a
continuous Tertiary sequence, then about 17,000 square miles of the
Kodiak shelf area may be underlain by these petroliferous rocks.

. The Kodiak Tertiary rocks are underlain unconformably to the west by

late Mesozoic argillite and graywacke of the Chugach Mountains complex,
and separated from them by a high-angle fault system similar to the

Chugach-St. Elias system.

The Kodiak area outcrops range from Oligocene to Pliocene in age, and
are entirely clastic. The lowest unit is mixed marine and non-marine
sandstone, siltstone, and conglomerate with coal and plant remains, with
& thickness approaching 25,000 feet. They are steeply-dipping and are

~usually much deformed. This unit is apparently of Oligocene age, and

is overlain by at least 2,200 feet of late Oligocene to late Miocene
marine sandstone and siltstone with gentle to moderate dips. The
youngest Tertiary unit exposed is of Pliocene age, and consists of gently=
dipping marine sandstone, siltstone, conglomerate, and tillite aggregat=
ing over 3,500 feet in thickness. :

Petroleum possibilities in this area are as yet poor]y known. No test
wells have been drilled, and the outcrop sequence is discontinuous and
incomplete. Prospectiveness of the exposed rocks is fair to poor due
mainly to severe deformation in the Oligocene-early Miocene section and
rack of 0il or gas seeps. However, the younger rocks have gentler dips,
and the entire section may open structurally in the offshore as in the
Gulf of Alaska. Major obstacles to drilling offshore will be deep water
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and frequent severe storms,

SOUTHEASTERN ALASKA

The petroleum potential of southeastern Alaska is slight, as igncous

and metamorphic rocks underlie most of this part of the State, lleceta
and Keku Islands, howavar, ara undarlain by unmetamorphoscd Palcozoic
and Mesozoic rocks with a possible potential for oil and gas, and

parts of Keku, Zarembo, and southern Admiralty Island contain non-
marine Tertiary sedimentary rocks with a conceivable petroleum potential.

Heceta Island

A smail, 30 by 10-mile area in the vicinity of Heceta Island is under-
lain by more than 22,000 feet of marine sedimentary rocks, including
17,000 feet of middle and early late Silurian limestone, conglomerate,
sancstone, and shale; about 5,000 feet of late Silurian sandstone and
minor shale, reef limestone, and conglomerate; and more than 600 feet
of dark middle Devonian limestone. These rocks are deformed into a
moderate syncline that extends offshore into Sea Otter Souwd and are
intruded by diorite stocks along the north margin, thus 11m1t1ng the
area of potential interest.

Some beds have a petroliferdus odor, and there are potential reservoir
rocks present. Unfavorable factors are limited size, synclinal structure, .
firm lithification, and much faulting.

Keku Islands

Moderately deformed Silurian to early Cretaceous rocks arg exposed in

the Keku Islands and the adjacent northern parts of Kupreanof and Kuiu )
Islands over an area of some 300 square miles. The sequence here consists’
of marine sedimentary and volicanic rocks at least 20,000 feet in composite
thickness. Rocks of Silurian, Carboniferous, Permian, and Triassic age

" consist of limestone, conglomerate, chert, sandstone, and black shale.

Early Cretaceous rocks are shale and sandstone. Much of the limestone
has a petroliferous odor.

Details of geological structure and strat1graphy are poorly known, so
the degree of prospectzveness for 0il and gas is unknown.

Tertiary Basins

Coal-bearing rocks of early Tertiary age crop out in small areas of
southeastern Alaska, but principally between Kootznahoo Inlet ‘on southern
Admiralty Island and the west side of Zarembo Island, as well as part of
the Keku Islands area. The area involved is 60 miles long and 10 to 15
miies wide. Coal-bearing rocks underlie about half this area, and are
generally covered by younger volcanics. .

The Tertiary section consists of sandstone, siltstone, shale, and
conglomerate with minor coals, attaining a thickness of at least 5,000
feet of Kootznahoo Inlet, and grading upward into 0ligo-Miocene volcanwc
rocks. Maximum dips are 159 to 409, and conditions are favorable for
the occurrence of dry gas or possibly petroleum.
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INTERIOR ALASKA

Yukon-Koyukuk Province

The Yukon-Koyukuk province covers about 85,000 square miles over a
broad triangular-shaped area in west-central Alaska. It is bounded
on the west by the Bering Sca and Seward Peninsula, on the north by
the UBrooks Range, and on the southwest by the Kuskokwim, Kokrines,
and Ray mountains. ‘

Large parts of the province are underlain by Cretaceous sedimentary
rocks that may be potentially petroliferous.

Kobuk Basin

The Kobuk Basin extends 300 miles along the south edge of the Brooks
Range, from Kotzebue Sound to the upper Koyukuk River, covering about
11,000 square miles.

The basin sediments may be entirely mid-Cretaceous in age, and consist
of an older sequence of dirty, dark marine graywacke and mudstone
that grades into a younger sequence of better-sorted, shallow marine
to non-marine sandstone, conglomerate, shale, and coal. The total
thickness is not certain, but probably is much greater than 5,000
feet. Tight!folds are the structural rule, except along the north

- edge of the basin where some broad open folds are exposed, and fault-
ing is close and widespread. Intrusive rocks are limited to small
scattered porphyry bodies to the southeast.

Structural complexity and impermeability in Cretaceous rocks render
most of the basin poorly prospective for petroleum, but cleaner sands
may occur along the northern edge of the basin in the zone of inter-
tonguing marine and non-marine rocks, together with more open folding.

Recent studies have indicated that the metamorphic grade of the Paleozoic
rocks of the adjacent Brooks Range may decrease abruptly to the south,

in which case there may well be prospective Paleozoic¢ sedimentary rocks
underlying the Cretaceous section of the Kobuk Basin.

Selawik Lowland

Exploratory efforts in the lowlands east of Kotzebue Sound have indicated
no significant thickness of Mesozoic or Tertiary strata occurring between
the Quaternary alluvium and shallow igneous basement-type rocks.

Along the north side of the Seward Peninsula, the .lowlands are again
mantled with Quaternary alluvium and flat-lying Cenozoic volcanics, but
in this area aeromagnetic profiles suggest that a possibie thick section
of Cretaceous and/or Tertiary rocks may overlie the igneous basement.
Further geophysical studies or test wells are needed to outline the
petroleum potential of this area.

Lower Yukon Basin

The Lower Yukon Basin subprovince covers about 30,000 square miles,
extending in a 100-mile-wide belt from the Yukon=Kuskokwim delta northward

R
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to the Seward Peninsula. The basin is underlain mainly by Cretaceous
sediments, but also includes sizeable areas of volcanic and intrusive
rocks. The area is transected by the major Kaltag Fault, which may
offset the basin laterally by as much as 50 miles.

North of the fault, extensive exploration and leasing culminated in

the drilling of a deep test well near Nulato in 1959, which was aban-
doned without signs of oil or gas. The Cretaceous section here, as in
the Kobuk Basin, can be divided into a lower mudstone-graywacke unit

as much as 20,000 feet thick, overlain by a marine-non-marine unit of
sandstone, conglomerate, shale, and coal up to several thousand feet
thick. The western two-thirds of the basin is exceedingly complex in
structure, with steep to vertical beds predominating. The eastern
margin of the basin, from Nulato northward to the lower Kateel River, is
marked by the development of a few broad open folds. Generally the pe-
troleum prospects are very slim due to almost complete lack of permeability.
No o0il or gas indications have been verified in this part of the basin.

South of the Kaltag Fault, the Cretaceous beds are invaded by a variety
of small intrusive bodies and by extensively interbedded volcanic rocks.
As much as half of this area may be underlain by igneous rocks. The
Cretaceous sechion is apparently substantially thinner than to the north
of the fault, and much of it consists of interfingering marine and non-
marine sandstone and shale. Some coal is exposed along the east side

of the basin, and some relatively clean sands occur in this area, but
generally the Cretaceous rocks are everywhere so tightly folded and
closely faulted as to preclude all but a slight chance of petroleum
accumulation.

A 5,000 square-mile tract of Cretaceous sediments that are relatively
free of igneous rocks occurs in the Andreafsky River area, to the south-
west, but the rocks are impermeable mudstones and volcanic graywackes.

In summary, the Lower Yukon Basin subprovince is poorly prospective
for oil or gas in view of the sedimentary conditions, complex structure,

and widespread occurrence of igneous rocks.

Melozitna Basin Subprovince

A belt of Cretaceous sediments extends northeastward from the Yukon
River along the Melozitna and upper Dubli drainages, and may connect
northeastward with the Kobuk Basin. The Cretaceous stratigraphy and
structure appears to be similar to that of the Lower Yukon area, so that
the oil and gas prospects seem to be of the same _low order.

Koyukuk Flats k i

A number of aeromagnetic profiles have been run across this area, and
ali of them show large—amplitude anomalies suggestive of highly magnetic
rocks of shallow depth. This data, together with surface mapping,
indicates that Quaternary alluvium is underlain chiefly by volcanics

and intrusives, and possibly by some infolded belts of Cretaceous
sedimentary rocks. The flats do not appear to be underlain by any
appreciable thickness of Tertiary of Cretaceous sediments, and therefore
are regarded as unfavorable for petroleum. ‘

-
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Norton_Sound

lecent acromagnetic and seismic profiles across the Norton Sound arca

have indicated the existence of a sedimentary section in excess of 5,000
feet overlying igneous basement rocks in an arca bounded on the south by
the Yukon Delta and St. Lawrence Island, and on the north by the Seward
Peninsula. Littla 1s known of tha age or oxact character of the sedimaents,
but the strongest possibility is that they are of late Mesozoic and/or
Tertiary, and as such may have considerable petroleum potential.

Chukchi Sea

The same comments as for Norton Sound can apply to a large offshore
arca bounded on the east by the Seward Peninsula and western Delong
Mountains, on the west by the Chukotsk Penninsuia, and on the north
by a line connecting Cape Lisburne and Wrangell Isiand. As in Norton
Sound, several thousand feet of Mesozoic to Tertiary sediments are
indicated by recent seismic profiles, and there is a possibility that
the two sedimentary basins coalesce in the vicinity of the Bering
Strait. Petroleum prospects couid be favorable here.

Yukon-Kuskokwim Lowland (Bethel Basin)

Aeromagnetic profiles, surface explioration, and a deep test well drilled
about 50 miles southwest of Bethel have shown that the Cretacc-
sediments of the Lower Yukon area extend southward beneath a cover of
Cenozoic alluvium and volcanics. Some Tertiary sands and siltstones
, possibly overlie the Cretaceous section in this region. No shows

of oil or gas have been reported here, but subsurface structure is very
poorly known to date. Cretaceous rocks appear to be chiefiy impermeable
mudstones and graywackes similar to the lower Yukon rocks, so prospective=-
ness might depend on finding petroleum accumulations in Tertiary sands, :
if present. ‘ \

Yukon-Porcupine Province

The Yukon-Porcupine province covers 15,000 square miles in a triangle
bounded by the Yukon River, Porcupine River, and the Canadian boundary.
The presence of a thick section of unaitered pre-Cambrian through
Paleozoic sedimentary rocks has made this area a promising potential o0il
province.

In the past several years the search for petroleum has been given added
impetus by the discovery of o0il and gas in Paleozoic rocks in the Eagle
Plains, east of the Canadian border. To date, no wells have been drilled
in the Yukon-Porcupine. '

Paleozoic Areas

Unaltered pre-Cambrian and Paleozoic sedimentary rocks are exposed in

the southeastern part of the Yuken-Porcupine province in the Nation-
Tatonduk region, along tha Black River, and to the northeast along the
Procupine River. In the Nation-Tatonduk area, rocks from late pre-
Cambrian through all the periods of tha Paleozoic era, with the exception



of Pennsylvanian, are present. About 15,000 feet of this section is
potentially petroliferous. Predominant rocks are carbonates, chert
and shale, and sandstone, with many highly organic beds and some rich
0il shales,

Northwest of the Nation River Paleozoic strata dip beneath the lMesozoic
sediments of the Kandik Basin, but appcar in some anticiinal axes in

the basin. Southward, the Paleozoic section is faulted against meta-
morphic rocks of the Tanana upland along the major Tintina Fauit, and to
the west, Paleozoic rocks appear to interfinger with volcanics.

The Nation=Tatonduk Paleozoic and pre=Cambrian structure is broad open
folding with minor crenulations and local overturning, shearing, and
faul ting.

Along the Black River are late Ordovician and Devonian? carbonates and
.Permian clastic rocks.

A sequence of unaltered Paleozoics from Ordovician to Carboniferous

in age is exposed in the valley of the Porcupine River. These are
intricately folded and faulted limestone, dolomite, and shale.

Kandik Basin Subprovince

The Kandik Basin extends in a beit about 40 miles wide from the Yukon

River northeastward across the Yukon-Porcupine area to the Canadian
boundary. The basin sediments are chiefly early Cretaceous argillite

and graywacke with a basal welil-sorted sedimentary quartzite. Aggregate
thickness may approach 20,000 feet. Permeability in these rocks is very
low, and their petroleum potential is likewise low. The Cretaceous section
is underlain by dark shale, oily shale, and bituminous limestone of Triassi
age, with a thickness of about 2,000 feet.

Structure in the basin is broad folding, with superimposed faulting and
crushing of the argillite, which has a local slaty cleavage. 0il prospects
seem limited to the Paleozoic section which underiies anticlines in the
Kandik basin.

Yukon Flats

Acromagnetic profiles suggest that the Paleozoic volcanics exposed to

the south extend northward into the Yukon Flats under a shallow cover of
Quaternary alluvium. In the central and eastern parts of the flats, ‘
aeromagnetics indicate that interbedded Paleozoic sediments, volcanics,
and metamorphics are overiain by alluvium. Only in the northeastern part,
along the lower Porcupine and Black Rivers, do aeromagnetic profiles
indicate an appreciable sedimentary thickness, probably Paleozoic and

perhaps Mesozoic rocks which would limit the oil and gas prospects of
tha fiats to this area. Non-marine Cretaceous and Tertiary sediments

crop out in several small areas around the margins of the Yukon Flats --
theze sediments may aiso extend into the flats beneath the aliuvial cover,

77.
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Interior Lowlands

An arcuate belt of lowlands covered with Quaternary sediments extends
about 500 miles along the northern side of the Alaska Range. Petroleum

possibilities are discussed below.

Kuskokwim Lowland

Acromagnetic profiles have indicated that a relatively thin alluvial
cover overlies altered Palecozoic rocks over most of this area, but
reports persist that several thousand feet of non-marine Tertiary
sediments are exposed on the margins of the lowland, in the viginity
of Minchumina Lake., If this is the case, petroleum prospects are at
least possibie, especially the poss1b111ty of gas being generated in
coal-bearing rocks. Exploration has been nearly nil.

Tanana Lowland

The Tanana Lowland lies between the Tanana River and the northern
foothills of the Alaska Range, from the Gerstle River on the east to
the Kantishna drainage on the west, forming an area 200 miles iong
and 10 to 50 miles wide. It is mantled by Quaternary sediments over
an area of 7,000 square miles. The Quaternary deposits are thick,
exceeding 1,000 feet east of Nenana.

In most places the lowland is bordered by somewhat metamorphosed
sedimentary and volcanic rocks of pre-Cambrian?, Paleozoic, and
Cretaceous age, but along the southern margin are extensive exposures
of non-marine Tertiary sands, silts, clays, coals, and gravels. These
attain a thickness of 5,000 feet or more in the Alaska Range foothills,
but thin northward to 2,000 feet or less in the Tanana lowland area.
The region southwest of Minto Flats may contain as much as 5,000 feet
of non-marine Tertiary sediments. .

The older altered rocks are considered to have little or no petroleum
potential, and the Tertiary section would probably be prospective only
for small gas deposits.

| Northway-Tanacross Lowland

The Northway-Tanacross Lowland lies along the south side of the upper
Tanana River, between the eastern Alaska Range and the Tanana Upland.
This Towland area is from 10 to 30 miles wide and about 100 miles long,
and Quaternary deposits cover about 1,500 square miles of its fioor.

Outcrops around the lowland margins are pre-Cambrian? and Paleozoic
metamorphic rocks, with a variety of intrusive igneous rocks. Surficial
deposits may reach a thickness of 1,000 feet, and at least two water
welle have encountered small fiows of methane gas generated from decayed
vnya&atlon.

The 0n1y chance for o0il or gas resources would be the presence of a
Tertiary section bencath the alluvium. To date, no evidence of this
situation has been found,



10.

Al

12.

13.

14.

15.

REFERENCES

Asher, R.R., 1969, Geological and Geochemical Study, Solomon C-5
Quadrangle, Seward Peninsula, Alaska, Alaska Division of Mines
and Minerals, Geologic Report No. 33.

Atwood, W.W,.,, 1911, Geology and mineral resources of parts of the
Alaska Peninsula: U.S. Geol. Survey Bull. 467, 137 p.

Barker, Fred; Chapman, Robert; Freeman, V.L.; and others, 1963,
Contributions to economic geology of Alaska: U.S. Geol. Survey
Bull. 1155, 93 p.

Barnes, F.F., 1951, A review of the geology and coal resources of
the Bering River coal field, Alaska: U.S. Geol. Survey Circ.
146, 11 p. -

Barnes, F.F., 1966, Geology and Coal Resources of the Beluga-Yentna
Region, Alaska, U.S. Geological Survey Bulletin 1202-C, pp. 1-54.

Barnes, F.F., 1967, Coal Resources of Alaska, U.S. Geological Survey
Bulletin .1242-B, pp. 1-36.

Barnes, F.F.; and Payne, T.G.; 1956, The Wishbone Hill district,
Matanuska coal field, Alaska: U.S. Geol. Survey Bull. 1016, 88 p.

Barnes, F.F.; and Cobb, E.H.; 1959, Geology and coal resources of the
Homer district, Kenal coal field, Alaska: U.S. Geol. Survey Bull.
1058-F, 217-260.

Barnes, F.F.; and others, 1951, Coal investigation in south-central
Alaska, 1944-1946: U.S., Geol. Survey Bull. 963-E, p. 137-213.

Barnes, F.F.; and Sokol, Daniel; 1959, Geology and coal resources of
the Little Susitna district, Matanuska coal field, Alaska: U.S.
Geol. Survey Bull. 1058-D, p. 121-138.

Bressler, C.T., 1950, Garnet deposits near Wrangell, southeastern
Alaska: U.S. Geol. Survey Bull. 963-C, p 81-93.

Brooks, Alfred H., and others, 1916, Mineral Resources of Alaska,
U.S. Geological Survey Bulletin 662.

Buddington, A.F.; and Chapin, Theodore, 1929, Geology and mineral
deposits of southeastern Alaska: U.S. Geol. Survey Bull. 800,
398 p.

Byers, .M., Jr. 1957, Tungsten deposits in the Fairbanks District
Alaska: U.S. Geol. Survey Bull. 1024-1, p. 179-216.

Byers, F.M., Jr.; and Sainsbury, C.L., 1956, Tungsten deposits of
the Hyder district, Alaska: U.5. Geol. Survey Bull. 1024-F,
p- 123-1400



16, Cady, W.M.; Wallace, R.E.; Hoare, J.M.; and Webber, bE.J., 1955, The
central Kuskokwim region, Alaska: U.S. Geol. Survey Prof. Paper
268, 132 p.

i7. Calderwood, K.W.; and Fackler, W.C.; Proposed Stratigraphic No-
mencature for the Kenai Group, Cook Inlet Basin, Alaska. Bulletin
A. AP.G., v. 56, #4, April 1972.

18. Capps, S.R., 1927, Geology of the upper Matanuska Valley, Alaska,
with a section on the igneous rocks: U.S. Geol. Survey Bull.

791, 92p.

19. Capps, S.R., 1937, Kodiak and adjacent islands, Alaska: U.S. Geol.
Survey Bull. 880-C, p. 111-184.

20. - = - 1940, Geology of the Alaska Railroad region: U.S. Geol.
Survey Bull. 907, 201 p.

21. Chapman, R.M.; and Sable, E.G., 1960, Geology of the Utukok-Corwin
region, northwestern Alaska: U.S. Geol. Survey Prof. Paper 303-C,
p. 47-167.

22. Cobb, E.H., 1960b, Chromite, cobalt, nickel, and platinum occurrences
in Alaska: U.S. Geol. Survey Mineral Inv. Resource Map MR-8, scale
1:2,500,000.

23. Cobb, E.H., 1960b, Chromite, cobalt, nickel, and platinum occurr-
ences in Alaska: U.S. Geol. Survey Mineral Inv. Resource Map
MR-9, scale 1:2,500,000.

24, - = - 1960d, Molybdenum, tin, and tungsten occurrences in Alaska:
U.S. Geol. Survey Mineral Inv. Resources Map MR-10, scale 1:2,500,000.

25. - - = 1960a, Antimony, bismuth, and mercury occurrences in Alaska:
U.S5. Geol. Survey Mineral Inv. Resource Map~ll, scale 1:2,500,000.

26. ~ = - 1962, Lode gold and silver occurrences in Alaska: U.S. Geol.
Survey Mineral Inv. Resource Map MR-32, scale 1:2,500,000.

27. Cobb, E.H.; and Kachadoorian, Reuben; 1961, Index of metallic and
nonmetallic mineral deposits of Alaska compiled from published
reports of Federal and State agencies through 1959: U.S. Geol.
Survey Bull. 1139, 363 p.

28, Collieor, A.T., 1903, Tha qoal reaources of the Yukon, Alaska: U.S.
Geol. Survey Bull, 218, 71 p.

29. Condon, W.H. 1961, Geology of the Craig quadrangle, Alaska: U.S.
Geol. Survey Bull. 1108-B, p. B1-B43.

30. bouglass, William C., 1964, A History of the Kennecott Mines,
Kennecott, Alaska.



31. Eakins, Gilbert R., 1969, Uranium in Alaska: Alaska Division of
Mines and Geology, Geologic Report #38.

32. - - - 1970, Geology and Geochemistry of Kontrashibuna Lake, Lake
Clark Region, southwestern Alaska, Alaska Division of Mines and

Geology, Geologic Report No. 20.

33. Fellows, R.E., and others, 1959, Mineral resources of Alaska: U.S.
Geol. Survey open-file report, Dec. 28, 1959, 1l4lp.

34, Fritts, Crawford E., 1970, Geology and Geochemistry of the Cosmos
Hill, Ambler River, Shungnak Quadrangles, Alaska: Alaska Div-
ision of Mines and Geology, Geologic Report No. 39.

35. Gault, H.R., 1953, Zinc deposits of the Groundhog Basin, Wrangell
district, in Gault, H.R.; Rossman, D.L.; Flint, G.M., Jr.; and
Ray, R.G.; Some zinc-lead deposits of the Wrangell district,
Alaska: U.S. Geol. Survey Bull. 998-B, p. 15-58.

36. Guild, P.W., 1942, Chromite deposits of Kenai Peninsula, Alaska:
U.S. Geol. Survey Bull. 931-G, p. 139-175.

37. Heiner, lLawrence E.; Wolff, Ernest N.; Grybeck, Donald G.; 1971,
Copper Mineral Occurrences in the Wrangell Mountain-Prince
William Sound Area, Alaska Mineral Industry Research Laboratory,
Report No. 27, University of Alaska.

38. Henshaw, F.F., 1909, Mining in the Fairhaven precenct 3in Mineral
resources of Alaska, report on progress of investigations in
1908: US5. Geol. Survey Bull, 379, p. 355-369.

39. Herreid, G., 1965, Geology of the Omilak-Otter Creek area, Bendele-
ben Quadrangle, Seward Peninsula, Alaska: Alaska Division of
Mines and Minerals, Geologlic Report No. 1l.

40. - - -, 1970, Geology of the Spirit Mountain nickel-cojper prospect
ancd surrounding area, Alaska: Alaska Division of Mines and Geology,
Geologic Report No. 40.

41. Hummel, C.H., 1962s, Preliminary geologic map of the Nome C-1 quad-
rangle, Seward Peninsula, Alaska: U.S. Geol. Survey Mineral Inv.
Field Studies Map MF-247, scale 1:63,360.

42. - = - 1962b, Preliminary geologic map of the Nome D-1 quadrangle,
Seward Peninsula, Alaska: U.5. Geol. Survey Mineral Inv. Field
Studies Map MF-248, scale 1:63,360.

43, Kaufman, Alvin, 1958, Southeastern Alaska's mineral industrys: u.8.
Bur. Mines Inf. Circ. 7844, 37p.

44 . Kaufman, M.A.{ 1964, Geology and Mineral deposits of the Denali-
McClargn River area, Alaska: Alaska Divi=sion of Mines and Minerals,
Geologic Report No. 4.



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

58.

59.

Kennedy, G.C., 1953, Geology and mineral deposits of Jumbo basin,
southeastern Alaska: U.S. Geol. Survey Prof. Paper 251, 46p.

Kirschner, C.E.; and Lyon, C.A.; Stratigraphic and Tectonic Develop-
ment of the Cook Inlet Petroleum Province. Paper, Arctic Symposium,
San Francisco, Calif., 4 Feb. 1971.

Knappen, R.S., 1929, Geology and mineral resources of the Aniakchak
district: U.S. Geol. Survey Bull. 797, p. 161-223.

Lathram, E.H.; Loney, R.A.; Berg, H.C.; and Pomeroy, J.S., 1960, Pro-
gress Map of the geology of Admiralty Island, Alaska: U.S. Geol,
Survey Misc. Geol. Inv. Map 1-323, scale 1:250,000.

Loney, R.A.; Berg, H.C.; Pomeroy, J.S.; and Brew, D.A., 1963,
Reconnaissance geologic map of Chicagof Island and horthwestern
Baranof Island, Alaska: U.S. Geol. Survey Misc. Geol. Inv. Map
1-388, scale 1:250,000.

MacKevett, E.M., Jr. 1959, Geology of the Ross-Adams uranium-thorium
deposit, Alaska: Mining Eng., v. 11, No. 9, p. 915-919.

- = = 1964, Geology and ore deposits of the Bokan Mountain uranium-

thorium area, southeastern Alaska: U.S. Geol. Survey Bull. 1154, 246p.

MacKevett, E.M., Jr.; and Berg, H.C., 1963, Geology of the Red Devil
quicksilver mine, Alaska: U.S. Geol. Survey Bull. 1142-G, p.
Gl-Glé6.

MacKevett, E.M., Jr; and Blake, M.C.,Jr., 1963, Geology of the North
Bradfield River iron prospect, southeastern Alaska: U.S. Geol.
Survey Bull. 1108-D, p. Dl-D21.

MacKevett, E. M., Jr.; Brew, David A,; Hawley, C. C.; Huff, Layman
C.; James G., 1971, Mineral Resources of G lacier Bay National
Monument, Alaska, Geological Survey Prof. paper 632.

Martin, G.C., 1908, Geology and mineral resources of the Controller
Bay region, Alaska: U.S. Geol. Survey Bull. 335, 14l1p.

- = = 1915, The western part of the Kenai Peninsula, in Martin, G.C.;
Johnson, B.L.; and Grant, U.S., Geology and mineral resources of
Kenai Peninsula, Alaska: U.S. Geol. Survey Bull. 587, p. 41-112.

Mertie, J.B., Jr. 1937, The Yukon-Tanana region, AlaskAa: U.S. Geol.
Furvey Bull. 872, 276 p. '

- - - 1938, The Nushagak district, Alaska: U.S. Geol. Survey Bull.
uni, HOp,

Moffitt, ?.H. 1954, Geology of the eastern part of the Alaska Range
and adjacent area: U.S. Geol. Survey Bull. 989-D, p. 65-218.



60.

6l.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72

73.

4.

75.

Moffit, F.li.; and Fellows, R.F., 1950, Copper deposits of the
Prince William Sound district, Alaska: U.S. Geol. Survey Bull.
963-B, p 47-80.

Mulligan, J.J., 1962, Lead-silver deposits in the Omilak area,
Seward Peninsula, Alaska: U.S. Bur. Mines Report Inv. 6018, 44p.

Ray, R.G., 1954, Gecology and ore deposits of the Willow Creek mining
district, Alaska: U,S. Geol. Survey Bull. 1004, 86p.

Reed, J.C., Jr. 1961, Geology of the Mount McKinley quadrangle,
Alaska: U.S. Geol. Survey Bull. 1108-A, p. Al-A36.

Richter, D.H., 1971, Reconnaissance Geologic Map of the Nabesna A-4
Quadrangle, U.S. Geological Survey Open File Report 509.

Richter, D.H.; and Herreid, G., 1965, Geology of the Paint River
area, IIamna Quadrangle, Alaska: Alaska Division on Mines and
Fivnevals, Geologic Repori No. 8.

- - = 1966, Geology of the Slana District, southcentral Alaska:
Alaska Division of Mines and Minerals, Geologic Report No. 21.

Robinson, G.D.; and Twenhofel, W.S., 1953, Some lead-zinc and zinc-
copper deposits of thw Ketchikan and Wales district, Alaska: U.S.
Geol. Survey Bull. 998-C p. 59-83.

Rose, A.W., 1965, Geology of Part of the Amphitheatre Mountains,
Mt. Hayes Quadrangle, Alaska: Alaska Division of Mines and Minerals,
Geologic Report No. 19.

Rose, A.W., 1966, Geology of Chromite-bearing ultramafic rocks near
Bklutna, Anchorage Quadrangle, Alaska: Alaska Division of Mines
and Minerals, Geologic Report No. 18.

Rossman, D.L., 1963, Geology and petrology of two stocks of layered
gabbro in the Fairweather Range;,Alaska: U.S. Geol. Survey Bull.
1121-F, p. fl-F50.

Rutledge, F.A., 1946, Exploration of Red Mountain chromite deposits,
Kenai Peninsula Alaska: U.S. Bur. Mines Rept. Inv. 3885, 26 p.

Rutledge, F.A., 1948, Investigation of the W.E. Dunkle coal mine,
Costello Creek, Chulitna district, Alaska: U.S. Bur. Mines Rept.
Inv. 4360, 9 p.

Sainsbury, C.L. 1957, Some pegmatite deposits in southeastern
Alaska: U.5. Geol. Survey Bull. 1024-G, p. l4l-l6l.

- = - 1963, Beryllium deposits of the western Seward Peninsula,
Alaska: U.S5. Geol. Survey Circ. 479, 18p.

- = = 196 , Geology of the Lost River mine area, Alaska: U.S. Geol.
Survey Bull. 1129.



76, Smith, P.S.; and Mertie, J.B., Jr., 1930, Geology and mineral
resources of northwestern Alaska: U.S. Geol., Survey Bull., 85,

351 p.

77. Snyder, G.L., 1959, Geology of Little Sitkin Island, Alaska: U.S.
Geol. Survey Bull. 1028-H, p. 169-210.
78. Stejer, F.A., 1956, Pyrite deposits at Horsehoe Bay, Latouche Island,
Alaska: U.S. Geol. Survey Bull. 1024-E, p. 107-122.

79. Thomas, B.I.; and Berryhill, R.V., 1962, Reconnaissance studies of
Alaskan beach sands, eastern Gulf of Alaska: U.S. Bur. Mines
Rept. Inv. 5986, 40p.

80. Toenges, A.L.; and Jolley, T.R., 1947, Investigation of coal deposits
for local use in the Arctic regions of Alaska and proposed mine
development: U.S. Bur. Mines Rept. Inv. 4150, 19 p.

81. Twenhofel, W.S.; Reed, J.C.; and Gates, G.0., 1949, Some mineral in-
vestigations in southeastern Alaska: U.S. Geol. Survey Bull. 963-A,
p- 1"45.

82. U.S. Bureau of Mines, 1959, Mineral production in Alaska in 1958:
U.S. Bur. Mines and Mineral Industry Surveys, Ann. Advance Summ.
Area Rept. A-17.

83. -~ - - 1960, Mineral facts and problems: U.S. Bureau Mines Bull. 585,
1015 p.

84. U.S. Geological Survey, 1955, Radioactivity anomalies reported in
Alaska: U.S. Geol. Survey press release, Aug. 19, 1955, 2 p.

85. U.S. Geological Survey and Dept. of Natural Resources, State of Alaska,
for Committee on Interior and Insular Affairs, U.S5. Senate, 1964,
Mineral and Water Resources of Alaska, 179 pp.

86. Wahrhaftig, Clyde; and Hickcox, C.A., 1955, Geology and coal deposits,
Jarvis Creek coal field, Alaska, U.S. Geol. Survey Bull. 989-G,
p. 353-367.

87. Waring, G.A., 1936, Geology of the Anthracite Ridge coal district,
Alaska: U.S. Geol. Survey Bull. 861, 57 p.

88. Warfield, R.S.; Rutledge, F.A., 1951, Investigation of Kasna Creek
Copper Prospect, Lake Kontrashibuna, Lake Clark Region, Alaska,
U.S. Bureau of Mines, Report of Investigations 4828.

89. Waring, G.A., 1947, Nonmetalliferous deposits in the Alaska Railroad
Belt: U.S. Geol. Survey Circ. 18, 10 p.

90. Warner, L.A.; Goddard, E.M., and others, 1961, Iron and copper deposits
of Kasaan Peninsula, Prince of Wales Island, southeastern Alaska: U.
S. Geol. S urvey Bull. 1090, 136 p.



92.

93.

94.

wayland, R.G. 1961, Tofty tin belt, Manley Hot Springs district,
Alaska: U.S. Geol. Survey Bull. 1058-1, p. 363-414.

Wells, R.R.; and Thorne, 2R.L., L2953, Concentraltion of Xiukan,
Alaska Magnetic Ore, Bureau of Mines, Report of Investigations
4084 .

Wright, C.W., 1906, A reconnaissance of Admiralty Island, Alaska:
U.Se. Geol. Survey Bull, 287, p. 138-16l

Annunl Report of the Division of Geological Survey, Department of
Natural Resources, Alaska 1971.



