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GEOLOGIC MAP SYMBOLS
Strike and dIp of bedding
Strike and dlp of bedding where stratigraphic top Is known
Strike and dip of overturmed bedding
Apparent strike and dip of bedding
Horizontal bedding
Strike and dIp of cleavage

Strike of the axial trace and plunge of the axis of a large anticline, dashed where approximately
located

Strike of the axlal trace and plunge of the axis of a large syncline, dashed where approximately
jocated

Axlal trend of a small anticline
Axial trend of & small syncline

Contact, solid where known, dashed where approximately located, dotted whera inferred, querled
where questionable

Fault, solid where known, dashed where approximately located, dotted where Inferred, queried
where questionable

- Thrust fautt, teeth on upper plate, solld where known, dashed where approximately located, dotted

where inferred, gueried whers questionable
Form lines, trace of bedding

Breccla zones
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DESCRIPTION OF MAP UNITS

Canning Formation (Molenaar, Bird, and Kirk, in press) Gray to brown and black, very fine- 1o
medium- grained, thin- to thick-bedded, Interbedded lithic sandstone. siltstone, shale, and minor
tuff and bentonite. Bouma intervals are variable, shows evidence of shallowing-upward
depositional environments. Sandstone are petrographically simitar to those in the Arctic Cresk
facles (Molenaar and others in press) of Alblan(?) age. The lower contact with the Hue Shals
(Molenaar and others in press) Is located whenever possible at the first up-section occurrence of
sandstone or siltstone turbidites.

Hue Shate (Molenaar et af in press) (formerly the Shale Wall member of the Sea Bee Formation of
the Colvitle Group) Multi colored organic-rich shale, siltstone, tuff and bentonite. Distinguished
from underlying Pebble Shate by brightly colored {generally shades of red, orange, and, maroon)
low retlef expasures, and the first upsection occurrence of bentonite.

Kongakut Formation

The Kongakut Formation (Detterman et al. 1975) Is a lower and upper Cretaceous sequence of shale,
siitstone and sandstone. The Formatlon is divided into four members, In descending order: the Siitstone
member, the Pebble Shale member, the Kemik Sandstone member, and the Ciay shale member. Only the
Pebble Shale and Kemlk Sandstone members have been mapped in the Sadlerochit Mountalns.lt Is the
most distinctive unit in the formation, Is at least 160 meters thick and contains a manganese-rich zone near
the middle of the sectlon. Flattened, highly pollshed chert pebbles up 10 2.5 cm in diameter and minor well
rounded quartz grains are present throughout the section. Clay Ironstone nodules are also common. The
pebble shale member has little fauna to offer as an Indicator of depositional environment. The paucity of
fosslis Is interpreted by Detterman et al (1975) as indicating a deepwater, inhospital snvironment. The
Kemtk Sandstone member Is mainly a fine-grained, medlum- to thick-bedded subfeidspathic quanz arenite
near the top of the member and Is a feldspathic wacke In the {ower part. White tripolitic chert grains and
pebbles are characteristic throughout the Kemlk section. The Kemik contains sparse megafossi fauna
consisting of ammonites, pelecypods, belemnites, gastropods, and annelid worms (Knock, 1987). A
distinctive ammonite assemblage Including Simberskites sp. indlcates a Hautertvian (Early Cretaceous) age
(Mull, 1986). The Kemik Sandstone and Pebble Shale units occur above a reglonally extensive lower
Cretaceous age unconformity (LCU) (Cralg et al, 1985 and Mufl, 1986) which cuts out stratigraphicaity
younger units to the east across the Sadlerochit Mountains. This resuits in the deposition of the Kemik
Sandstone on successtvely younger rocks to the east. For example, along the north flank of the Sadierochit
Mountins west of the Nularvik River, Kemik Sandstona was deposited on Kingak Shale of early Jurassic
age: and at Marsh Craek, 8 kilometers to the east, Kemlk was deposited on the Ledge Sandstone member
of the Ivishak Formation of lower Trlassic age. East of the itkilyariak River, Kemlk was deposited on Fire
Creek Sandstone, the lower to middie Triassic age member of the Ivishak Formation; and at Last Creek, stitl
farther to the east in the Sadlerochit Mountalns, Kemlk was deposited on sediments of the Shubliik
Formatlon of upper Trlassic age.

Pebble Shate Member Dark-gray to btack shale and siity shale with locally abundant quartz and
black chert pebbles. Zones containing clay Ironstone concretions commonly occur In weakly
recrystallized beds and lenses which display atleast some original sedimentary structures.

Kemik Sandstone Member Medlum- to dark-gray siitstone and very fine grained sandstons with
common pebbles. Unit Is extensively burrowed. Conslsts In general of a lower thin- to medium-
bedded, hummocky, cross stratified sandstone alternating with highly bloturbated muddy
sandstone, overlain by a unit composed of clean, cross bedded, concholdally fracturing sandstons
and muddy sandstone with vertical, U-shaped burrows. A basal congiomerate commonly occurs
overlying the unconformity (LCU) surface {Knock, 1887).
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Kingak Shale

The Kingak Shale (Leffingwelt, 1919) consists primarily of dark, noncalcareous shale, siltstone, claystone
and clay lronstone that ranges in age from Early Jurassic to Early Cretaceous (Valanglnlan) and
conformably to disconformably overlies rocks of the Shublik Formation, Karen Creek Sandstone and Kemik
Sandstone. The lowest part of the Kingak consists of up to 180 meters of fisslle black shale that contalns
abundant clay ironstone concretions locally. Overlying the basal shale unit is a unit composed of at least
100 meters and possibly a3 much as 300 metars of dark gray, clay shale and claystone. The upper part of
this unit contalns beds and nodules of clay ironstone that weather 1o a characteristic brick red (Detterman
et al, 1975). The concretions in the Kingak commonly contain distinctive quartz velning within the core of

the concretions a characteristic that may ald in the Identification of the Kingak Shale where It is nat
fossitiferous.

Kingak Shale Black fissile shale, and claystons that Is rarely silty, and contains some chert and
quartz pebbles locally. Common clay Ironstone concretions and ironstone layers, that are typically
recrystallilzed. Ironstone rich layers weather to a brick red color. Unit contalns a distinctive
assemblage of ammonites locally. Ironstone is more common than in the Pebbile Shale.

Shublik Formation

The Shublik Formation forms a distinctive and readily recognizable unit in northern Alaska. in northeastarn
Alaska, the unit occurs In a narrow beit along the north flank of the Brooks Range and along the
Sadlerochit and Shoublik Mountains. In structurally complex areas, the Shublik may be missing, or
duplicated. In most of northeastarn Alaska, the Shubllk Formatlon Is divided Informally Into three members:
the basal member Is the slitstone member, an overlying limestone and dolomite member, overlain by a clay
shale member, The slitstone member is composed predominantly of dark slitstone and calcareous shitstone
with a high organic content. The contact with the underlying Fire Creek Slltstone Member of the lvishak
Formatlon Is an unconformity and Is marked by a thin but widely distruibuted chert pebble conglomerate
horizon that averlies silty shale of the Fire Creek. Calcite may consthutes batween 20 and 40 percent of the
slitstone locally and Is of secondary origin (Detterman et al, 1975). Conformably overying the basal
sittstone member Is the limestone and dolomite member that contains many coquinite layers, most of
which contain significant amounts of phosphate. Calcite is the dominant component of rocks in this
member and constitutes as much as 90 parcent of the rock. Secondary dolomite Is present and may
constitute up to 20 percent of the rock locally. The clay shale member at the top of the formatton Is
predominantly a very fine-grained, siity, calcareous sandstone. The Shublik Formation forms a widespread
sequence of rocks that ranges from 100 to 150 meters thick. Locally, structural duplication may account for
much thicker sectlons.

Porosities In the Shubllk Formation range from 6§ to 30 percent (Jones and Speers, 1976) and total organic
carbon contents range from 0.5% to 2%. The formation has falrlly good source rock potential and reservoir
potential. It has produced gas at the Kemik field and It Is part of the malin reservoir at Prudhoe Bay.

Shublik Formation Thin- to medium-bedded, fine- to medium-grained, calcareous and siliceous,
phosphatic, sandstone interbedded with dark, sooty limestones and calcaresous slitstone. The unit
Is very fossiliferous locally and forms subdued outcrops due to its incompetant nature. Horlzons
that contain abundant phosphate nodules weather a light blue color.
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The Ivishak Formation {Keller and others, 1961) Is the upper-most formation of the Sadlerochit Group Iin
northern Alaska. The contact between the Ivishak and the overlying Shubltk Formation s probably a minor
unconformity. Fossils from the upper-most Ivishak and the lowest Shubllk indicate that there was
apparently some local pre-Shubitk erosion of the Ivishak section (Detterman et al, 1975).

The Ivishak Formatlon is braken into three formal members In northeastern Alaska. The Fire Creek Member
consists of thin-bedded to massive, argillaceous sandstone sillceous siltstons and minor silty shale. Most of
the rocks are cemented by silica, and secondary authigenic calcite has replaced the silica locally
(Detterman et al, 1975). Detterman et al (1975) belleve that the silica content decreases to the north In the
Fire Creek Member. Mud tumps, worm tralls and clay Ironstone concretions as well as fiute and load casts
are commnon In rocks of the Fire Creek Member.

Conformably undertying the the Fire Creek Member Is the Ledge Sandstons Member of the Ivishak. The
Ledge Sandstonas is a reslstant, massive sandstone unit that forms prominent hogbacks ridges and questas
along the north flank of the Brooks Range and In the Sadlerochit and Shublik Mountains. The Ledge
Sandstone Member In outcrop averages from 15 meters thick near Wahoo Lake to as much as 120 maters
thick near the Alaska-Canada boundary. Thicker sections are known In the Sadlerochit Mountains (Harun,
1987). The Ledge Sandstone is primarily a clean, massive quartz arenite, that occurs in beds that range
from .5 to 3 meters thick. Locally the sandstone Is conglomeratic, generally in zones in the upper part of
the member. A few thin slltstone and siity shale intervals also occur . Composttionally, the siltstones are
fine-grained versions of tha sandstone with a sericitic clay matrix (Detterman et al, 1975). Chert forms
between 30 and 40 percent of the rock. Some of the chert Is highly weathered (tripalitic). Tripolitic chert
grains are characteristlc of this member. The composition and sedimentary stuctures indlcate a northerly
source area and the Ledge Sandstone unit becomes thinper and finer grained to the south. Regional
Isopachs of the thickness of the Ledge suggest that it may have been deposited In several depositional
centers; one at Prudhoe Bay, one north and east of the Sadlerochit Mountalns and a third near and to the
east of the Alaska-Canada boundary. Thick accumulations of the Ledge Sandstone Member carrespond to
these depocenters.

Conformably underlying the Ledge Sandstone Member is the Kavik Member of the Ivishak Formation. The
Kavik Member [s a recessiva-weathering unit of silty shale and siltstone, that varies between 15 meters and
75 meters thick In undisturbed section to structurally repeated sections of over 250 meters thick.
Lithologically, the Kavik Member conslists of thin-bedded, laminated, slity shale, siltstone and minor
argiliaceous sandstone. Quartz forms about 30 to 40 percent of the rock, generally in well-rounded grains.
Most of the sandstone layers are very fine-grained quanz arenites with a clay-rich matrix.

Porositles In the lvishak range between 2 and 10 percent for surface samples In the ANWR compared to
porositles as high as 30 percent for similar units at Prudhoe Bay. Jones and Speers (1976) suggest that the
average porosities In the Ivishak may Improve northward away from the mountain front. Therefore, there is
a high probably that good reservolr quality sandstones occur in the Ivishak Formation.

The Ivishak Formatlon contains “dead” oil near the Nularvik River In the Sadlerochit Mountains (Gar Passel,

personnel communication, 1985), it has produced gas at the Kavik field, and it contalns the maln reservolr.
at Prudhoe Bay.

Fire Creek Member Fine- to medlum-~gralned, medium light brown to brown and gray, dark-brown
waathering, thin- to massive-bedded, convolute-bedded, quartz-lithic sandstone interbedded with
dark-gray to brown very fine-gralned shiceous slitstone and minor shale. The sandstone Intervals
may contain large crossbeds and may represent storm deposits. Shale and siltstone Intervals
contain abundant mudiumps and show signs of extensive bloturbation. Unit forms a distinctive
hump on top of the Ledge Sandstone. The contact between the Fire Creek and the undenying
Ledge Sandstone appears to be conformable and gradatlonal.
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Ledge Sandstone Member Fine- to medlum-grained, light gray to brown, bons to brownish
weathering, thin- to massive-bedded, well sorted, mature quartz sandstone. The sandstone
containg abundant pyrite locally. The pyrite occurs as blobs to ten mm In dlameter and as
diseminated concentrations. Layers of poorly sorted, coarse-gralned conglomerate occur near the
top of the unit. Clasts in the conglomeratic layers range up to 15mm in dlameter and are
composed of gray and black chert and black shate in a clean quartz sandstone matrix. Unit is thin
to massive-bedded and occurs in beds that range from 2 to 30cm thick that are graded locally.
Bottoms of some massive beds contaln lobate bed forms, Some good porosity Is present in the
northern exposures In the Sadlerochit Mountains, where the unit contains dead oll. Contact
batween the Ledge Sandstone and the underlying Kavik Shale Is conformable and is marked by a
change in overall bedding character and decrease in grainslze of the sandstone. Thickness of the
Ledge Sandstone ranges up to 150 meters.

Kavik Member Dark reddish-brown to black and brown, bone weathering, fine- to very-fine
gralned, thindaminated, to thin-bedded, and cross stratifled, sandy siitstone and shale. Contains
spheroldal-weathering sandstone clots focally. Some thin laminated, flaky, black shale occurs near
the top of the unit. Contains ripup clasts and pyrite concentrations as blobs and disseminations
along bedding surfaces. Often contalns brachiopods and crinoid debris and the trace fossil
200phyeus(?). Up to 15 meters thick locally.

Echooka Formation
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Conformably to disconformably underying the Kavik Member of the lvishak Formation Is the Echooka
Formation (Keller and others, 1961). The Echooka has been subdivided Into two members: tha upper
iklakpaurak Member and tha lower Joe Creek Member. The Iklakpaurak Member consists of a sequence of
orthoquarntzite, quartzitic sandstone and siltstone that form the main part of the Echocoka Formation
(Detterman et al, 1975). The sandstones are generally dark, fine-grained quanz arenites. Quartz grains are
generally subround to subangular and are cemented by sllica that has formed overgrowths. Calcite Is a
dominant cementing agent locally, and where calcite Is the dominant cement, the rocks commonly contain
abundant glauconite. Siltstones and shales are essentlally fine-gralned verslons of the quartz arenite with a
slliceous clay-rich matrix. The klakpaurak Member ranges from less than 10 meters thick to as much as
110 meters thick in the central part of the Sadlerochit Mountlans and 1t thins rapidly to the north.

Underlying the Ikiakpaurak Member conformably is the Joe Creek Member, a unit dominated by
calcareous siltstone, limy mudstone, chert, and limestone. The calcarsous slltstone and limy mudstone are
composed of 15 to 30 percent detrital quartz and 15 to 30 percent rounded detrital calcite. Euhedral
dolomite gralng are pressnt and suggest dolomitization of the unit. The limestones In the upper part of the
member are quartz calcarentes and contain 10 to 30 percent detrital quarz. Some of the limestone beds
are bloclastic limestone or microcoquinite (Detterman et al, 1975) composed of rounded fragments of
brachiopods, bryozoans, corals, gastropods and foraminifera. Glauconite is a common constituent of this
unit. The Joe Creek Member ranges from 10 maters to 120 meters thick.

Echooka Formation Undifferantiated Unit mapped whare the tkiakpaurak Member and the Joe
Creek Member are to thin to be represented separately at this map scale.

Ikiakpaurak Member Interbedded dark-brown, fine-grained quartz arenite and sfliceous slitstone.

The siitstone contalns secondary quarntz velning locally. Both calclte and sllica are common
cementing agents.
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Joe Creek Member Interbedded brown to dark brown, fine- to coarse-grained, calc arenite and
calcareous shale. Contains a glauconitic sandstone and shale interval that forms a resistant ledge
above the contact with the underlying Wahoo Limsestone. A distinctive orange-weathering horizon
at the contact with the Wahoo Limestone Is composed of calcarecus pebble conglomeratae, pebbly
Ithlc sandstons, and glauconitic shale and siltstone. Black chert pebbles are the most common
pebbles In the orange-weathering unit, aithough gray and white chert pebbles also occur. Fossil
debris composed of brachiopod, crinoid and coral fragments also form a major component of the
orange-weathering unit. Unit commonly channels Into the underlying Wahoo Limestone.

LISBURNE GROUP

Schrader (1902) described and named a thick sequence of light gray limestone In the Anaktuvak River
area, of the central Brooks Range, the Lisburme Formation. Later, Leffingwell (1919) referred to simflar
rocks in northeastern Alaska as the Lisburne Limestone. Deatalled work by Bowsher and Dutro (1957) in the
Shainin Lake area, subsequently raised the Lisburne Formation (Limestone) 1o the Group status and
subdivided the rocks into two formations. The lower formation, the Wachsmuth Limestone Is of Lower and
Upper Mississipplan age and the upper formation s the Alapah Limestone is of Upper Mississippian age.
The Wachsmuth Limestone apparently thins to the east and northeast and Is absent in the map area. In the
northeastern Brooks Range, the Alapah Limestone is overlain by the Wahoo Limestone (Brosge and others,
1962) of Late Mississipplan to Early Pennsylvanian age (Armstrong and others, 1870), Lisburne Group

rocks thicken to the east along strike in the Sadlerochit Mountains and also to the south in the Shubiik
Mountains.

Wahoo Limestone Light-gray to buit and tan, fine- to medium-grained, thin o massive-bedded,
Interbedded lime mud and bloclastic grainstone. Bedding ranges from a few centimeters to as
much as 15 meters thick near the base of the unit. liregular layers and nodules of gray and black
replacement chert are common. it Is abundantly fossiliferous, and contalns a rich fauna of crinolds,
brachiopods and bryozoans. Some tan, thindaminated dolomitic beds occur locally. Top of the unit
is marked by a slight unconformity, on which the orange-weathering unit of the Echooka Formation
was deposlted. Some channeling on the unconformity surface is present. Where the channels are
well exposed, large rip up clasts of limestone are present in the channels.

upper Alapah Limestone Light- to medlum-gray, thin- to medium-bedded limestone that weathers
buff locally. Composed predominantly of llme mudstones that weather Into small shard-like
irragular pieces. The unit Is poorly exposed In the Sadlerochit Mountalns and form distinctive talus
aprons below the Wahoo Limestone. in the Shublik Mountains the unit is thicker and is represented
by dark gray to medium gray, interbedded lime mudstones. The contact batween the upper Alapah
and the Wahoo Limestone is marked by a massive bed of yellow-brown weathering limestone.

lower Alapah Limestone Medium light gray to gray and tan, thin- to massive-bedded limestone
that forms a distinctive cliff-forming unit below the upper Alapah Limestone. The contact between
the upper Alapah and the lower Aiapah unit appears 10 be gradational. Bedding in the lower unit
ranges from lass than 1 meter to over 10 meters thick of predominantly pelietoidal packstone and
grainstone. Massive bedded pelletoidal grainstones contain large-scale forset crossbeds that are

capped by ferruginous interbeds of hematite-stained sands and shales. Some dark gray to green
and red shale are also present locally.



ENDICOTT GROUP

Brosge and others (1962) described the Kekiktuk Conglomerate as a thin quartzitic chert-pebble
conglomerate that occurs beneath the Kayak Shale (Bowsher and Dutro, 1957) and unconformably above
rocks of the Neruokpuk Formation (Leffingwell, 1919) throughout much of northeastern Alaska. The
formation Is almost entirely conglomerate and coarse-grained quartzitic sandstone. Clasts In the
conglomerate consist of sub anguiar to rounded granules, pebbles and cobbies of black, gray, and white
chert, quartz, quartzte and sandstone and slitstone (Dutro and others, 1962). Thickness of the Kekiktuk
Conglomerate ranges from O to mote than 100 meters thick, and the unit grades upward from a
conglomeratic base Into finer gralned parallc sediments near the top of the unit (Armstrong and Mamaet,
1975). Locally the Keklktuk Congiomerate contalns thin discontinuous coal beds in a sequence of
interbedded coarse-gralned conglomerate and coarse-gralned, calcareous sandstone. A coal sample from
a bed in the Kekiktuk Conglomerate collected during the 1985 field season on Leffingwell Ridge Just east of
the Jago Rlver had a vitrinlte reflectance value of 4.0 and an average air dried BTU content of 13,516 (Roy
Merrit, DGGS unpublished data). A conglomerate sequence In the Kekiktuk Conglomerate Just east of the
Jago River on Leffingwell Ridge s at {east 75 meters thick and contains dead oll (DGGS, unpublished data).
Conformably overlying the Keklktuk Conglomerate and disconformably underlying rocks of the Lisburne
Group in the northeastern Brooks Range Is the Kayak Shale (Bowsher and Dutro, 1957), a formation
dominated by dark gray to black noncalcareous shale and minor siltstone and thin-bedded ferruginous
sandstone .

The Endicott Group In the Sadlerochit Mountalns is highly varlablte In nature and ranges from 0 to 25

meters thick. The Kayak Shale thickens to the south In the Shublik Mountalns where it ranges up to 100
meters thick.

IMe Kayak Shale and Kekiktuk Conglomerate Undifferentiated Dark gray to black shale and
slitstone of the Kayak Shale and sandstone and conglomerate of the Kekiktuk Conglomerate.
These rocks occur only sporadically In the Sadlerochit Mountalns.
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