
Volcanic Rocks

- Ice
- Water

Other Areas

Cvm - Basalt, mafic volcanic rocks (Cambrian)
Dv - Undifferentiated volcanic rocks (Devonian)
Dvm - Basalt, mafic volcanic rocks (Devonian)
IKv - Undifferentiated volcanic rocks (Lower Cretaceous)

JPvm - Basalt, mafic volcanic rocks (Jurassic, Triassic, and Permian)

Ov - Undifferentiated volcanic rocks (Ordivician)
QTv - Undifferentiated volcanic rocks (Quaternary or Tertiary)
QTvm - Basalt, mafic volcanic rocks (Quaternary or Tertiary)

Zv - Undifferentiated volcanic rocks (Precambrian Z)
uKvf - Rhyolite to dacite, felsic volcanic rocks (Upper Cretaceous)
vf - Rhyolite to dacite, felsic volcanic rocks (Age Unknown)

IKvi - Trachyte to andesite intermediate volcanic rocks (Lower Cretaceous)

KJvi - Trachyte to andesite intermediate volcanic rocks (Cretaceous and/or Jurassic)

TKvf - Rhyolite to dacite, felsic volcanic rocks (Tertiary and/or Cretaceous)

North Slope Geology (Beikman 1980)
Continental Deposits

Intrusive Rocks

Metamorphic Rocks

Stratified Sedimentary Sequence

ITc - Claystone, siltstone, sandstone, conglomerate, and coal beds (Lower Tertiary)
TKc - Conglomerate, breccia, sandstone, akrose, mudstone, shale, tuffaceous rocks, lignite (Tertiary and Cretaceous)
uKc - Sandstone and conglomerate and interbedded shale, clay, silt, and bentonite (Upper Cretaceous)

IPzim - Gabbro mafic intrusive rock (Lower Paleozoic)
Ki - Undifferentiated rocks (Cretacoeus)
Kif - Granite to granodiorite felsic intrusive rock (Cretaceous)
MzPzif - Granite to granodiorite felsic intrusive rock (Mesozoic and Paleozoic)
TKif - Granite to granodiorite felsic intrusive (Tertiary and/or Cretaceous)
Zim  - Gabbro mafic intrusive rock (Precambrian Z)
if - Granite to granodiorite felsic intrusive rock (Age Unknown)
uKi - Undifferentiated intrusive rock (Upper Cretaceous)
im - Gabbro mafic intrusive rock (Age Unknown)
uKif - Granite to granodiorite felsic intrusive rock (Upper Cretaceous)
uKii - Syenite to diorite intermediate intrusive rocks (Upper Cretaceous)
uPzif - Granite to granodiorite felsic intrusive rocks (Upper Paleozoic)

PzpCm - Metasedimentary and metaigneous rocks, schist and gneiss (Paelozoic and/or Precambrian)

C - Siltstone, sandstone, and phyllite (Cambrian)
DS - Limestone, dolomite, marble, and shale (Devonian and Silurian)
IK - Graywacke, sandstone, shale, siltstone, and conglomerate (Lower Cretaceous)
IPz - Cambrian through Devonian rocks metamorphosed to greenschist and amphibolite facies (Lower Paleozoic )
IPzpC - Sandstone, limestone, shale, chert, phylite, argilite, and quartzite (Lower Paleozoic and/or Precambrian)
J  - Shale, siltstone, and sandstone (Jurassic)
JM - Unnamed slate and quartzite (Jurassic to Mississippian)

IKc - Shale, claystone, siltstone,sandstone, conglomerate, coaly shale and coal, ironstone, bentonite (Lower & Upper Cretaceous)

DESCRIPTION OF MAP UNITS

Ultramafic Rocks

JP - Shale, siltstone, chert, and graywacke (Jurassic, Triassic, and Permian)
JTr - Chert and argilite (Jurassic and/or Triassic)

M - Conglomerate, shale, limestone, with subordinate chert and dolomite (Mississippian)

MzPz - Sandstone, shale, chert, dolomite, conglomerate (Mesozoic and Paleozoic)
O - Limestone and shale (Ordovician)

P - Chert, shale, and siltstone (Permian)
PPM - Limestone, conglomerate, shale, dolomite, chert (Pennsylvanian and Mississippian)
Pz - Shale and limestone (Mississippian)
Q - Alluvial, glacial, lake, eolian, beach, volcanic deposits (Quaternary)

Qp - Alluvial, glacial, dune sand, loess, and reworked sand and silt deposits (Pleistocene)
T - Sedimentary rocks concealed beneath Quaternary cover (Tertiary)
Tr - Shale, chert, and limestone (Triassic)
TrD - Radiolarian chert, slate, and argilite (Triassic to Devonian)
TrP - Sandstone, siltstone, and shale (Triassic and Permian)
Z - Siltite, phylite, graywacke, quartz schist, and graphitic schist (Precambrian Z)
Z1 - Schistose, agrillaceous, dolomitic limestone and tactite (Younger Precambrian Z)
Z2 - Schist, gneiss, and migmatic and metamorphic rocks (Older Precambrian Z)
uD - Shale, sandstone, chert, conglomerate and quartzite (Upper Devonian)
uK - Shale, sandstone, and conglomerate (Upper Cretaceous)
uPz - Argillite, chert, shale, limestone, and slitstone (Upper Paleozoic)
uT - Undifferentiated volcanic beds (Upper Tertiary)

KJ - Argilite, shale, graywacke, quartzite, conglomerate, lava, tuff, agglomerate (Cretaceous and Jurassic)

OpC - Phyllite, sandstone, siltstone, limestone, chert, quartzite (Ordivician, Cambrian, and Precambrian)

Qh - Alluvial, glacial, lake, estuarine, swamp, landslide, flood plain, and beach deposits (Holocene)

umD - Conglomerate, graywacke, phyllite, shale, sandstone, and limestone (Upper and/or Middle Devonian)

MD      - Sandstone, graywacke, quartzite, and conglomerate (Mississippian and/or Devonian)

State of Alaska
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Oil and Gas Resource Series
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SAGAVANIRKTOK FORMATION (Tertiary) - Poorly consolidated
     shale and sandstone
COLVILLE GROUP - PRINCE CREEK, SCHRADER BLUF F, AND
     SEABEE FORMATIONS (Upper Cretaceous) - Nonmarine to
     shallow-marine shale and sandstone.
NANUSHUK GROUP - CHANDLER AND TUKTU FORMATIONS
     (Lower and Upper Cretaceous-Albian and Cenomanian) - Sand-
     stone, shale, and minor conglomerate deltaic wedge derived from
     south and west
TOROK FORMATION (Lower Cretaceous-Albian) - Prodelta Shale
FORTRESS MOUNTAIN FORMATION (Lower Cretaceous-Albian) -
     Coarse conglomerate derived from Brooks Range, grades northward
     to sandstone-shale turbidites

UNDIVIDED FORTRESS MOUNTAIN AND TOROK FORMATIONS
     (Lower Cretaceous-Albian) - Rhythmic sanstone, siltstone, and
     shale - turbidites. May include allochthonous undivided Lower
     Cretaceous rocks (Neocomian and Albian)

KINGAK SHALE (Jurassic) - Marine shale, northern source

UNDIVIDED UPPER TRIASSIC TO MISSISSIPPIAN ROCKS -
     Shelf sediments, northern source. Includes the SHUBLIK FORM-
ATION (Triassic), the LISBURNE GROUP (Pennsylvanian

     and Mississippian), and KAYAK SHALE and KEKIKTUK
     CONGLOMERATE (Mississippian)
ARGILLITE, PHYLLITE, AND MINOR QUA RTZITE (lower Paleozoic)

ETIVLUK GROUP - OTUK AND SIKSIKPUK FORMATIONS (Jurassic-
     Permian) - Thin-bedded marine limestone and shale. Beds near
     Galbraith Lake transitional with Shublik Formation (Triassic)
     and Sadlerochit Group (Triassic-Permian) to northeast
LISBURNE GROUP (Pennsylvanian and Mississippian) - Platform
     and carbonate rocks. Locally includes Kayak Shale (Mississippian)
     and possibly Etivluk Group (Jurassic-Permian)
KAYAK SHALE (Mississippian) - Marine shale

KANAYUT CONGLOMERATE (Lower Mississippian-Upper Devonian)
     and NOATAK SANDSTONE (Upper Devonian) - Conglomerate,
     sandstone, and shale deltaic complex grading southwest to
     fine-grained marine sandstone

HUNT FORK SHALE (Upper Devonian) - Dominantly prodelta shale.
     Locally includes conglomerate, shale, and limestone of Beaucoup

VOLCANIC ROCKS (lower Paleozioc) - K/Ar minimum ages of
     380 m.y. to 470 m.y. (Dutro and others, 1970)
BAIRD GROUP (Devonian-Cambrian) - Includes platform carbonate
     rocks of the Skajit Limestone (Devonian and Silurian), and reef
     carbonate and associated clastic rocks of the Beaucoup Formation
     (Devonian)
METASEDIMENTARY AND METAIGNEOUS ROCKS (middle
     Paleozoic-Proterozoic(?)) - Includes calcareous schist, marble,
     quartzite, phyllite, and greenstone

QUARTZ-MICA SCHIST and associated METAMORPHIC ROCKS
     (middle-lower Paleozoic, probably includes Proterozoic rocks) -
     Greenschist-amphibolite facies rocks. Forms “schist belt” of south-
     ern Brooks Range
PHYLLITE (Paleozoic) - Greenschist facies rocks. Includes slivers
     of Mississippian chert
GRANITE GNEISS (lower Paleozoic and Proterozoic(?))

QUARTZ PEBBLE CONGLOMERATE (Upper Cretaceous) - Non
     marine-marine

MAFIC IGNEOUS ROCKS (lower Mesozoic and Paleozoic) - Includes
     pillow basalt, minor chert and carbonate rocks; possible magmatic
     arc

OKPIKRUAK FORMATION (Lower Cretaceous-Neocomian) - Sand-
     stone-shale turbidites.

OKPIKRUAK FORMATION (Lower Cretaceous-Neocomian) - Sand-
     stone-shale turbidites. Includes lagoonal carbonates of unnamed
     coquinoid limestone

LIMESTONE, MARBLE, AND QUARTZITE (Paleozoic)

OKPIKRUAK FORMATION (Lower Cretaceous-Neocomian) - Sand-
     stone-shale turbidites, minor conglomerate, and local olistostrome
ETIVLUK GROUP - OTUK AND SIKSIKPUK FORMATIONS (Triassic-
     Pennsylvanian) - Bedded chert, siliceous shale and limestone;
     shelf deposits

LISBURNE GROUP (Pennsylvanian and Mississippian) - Dark colored
     slope carbonate and shale with numerous diabase sills. Includes
     kayak shale and, locally, slivers of Devonian limestone at base
DIABASE AND BASALTIC ROCKS (early Mesozoic and/or Paleozoic)

UNDIVIDED KEKIKTUK CONGLOMER ATE, KAYAK SHALE, AND
     LISBURNE GROUP (Mississippian) - Includes stretched quartz-
     pebble conglomerate, quartzite, red and green phyllite, shale,
     and minor limestone; conglomerate uncomformable on older rocks

IGNEOUS PEBBLE CONGLOMERATE AND GRAYWACKE (Lower
     Cretaceous-Albian) - Nonmarine-marine

BAIRD GROUP (Devonian) - Platform carbonate; underlies mafic
     igneous rocks

ANGAYUCHAM BASALT (Devonian) - Mafic igneous rocks, including
     pillow basalt; minor chert limestone, graywacke, slate, and phyllite;
     possible magmatic arc

KILLAK RIVER VOLCANOS ( Triassic - Pennsylvanian) - Mafic
     igneous rocks, including pillow basalt; contains minor chert
     and carbonate rocks; possible magmatic arc
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Contact - Dashed where inferred
Significant mappable horizon
Fault, sense of movement unknown
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Thrust fault - Half arrows show
direction of relative movement
Line of structure section

Oil well, dry exploration well

A'A

BROOKIAN SEQUENCE (except Kemik Sandstone and pebble shale unit of Ks) ELLESMERIAN SEQUENCE

Cambrian to Devonian carbonate rocks (Nanook and Mount
     Copleston Limestone)

Jurassic to Lower Cretaceous shale (Kingak Shale)
Permian to Upper Triassic sedimentary rocks (Sadlerochit
     Group and Shublik Formation)
Mississippian to Lower Pennsylvanian carbonate rocks
     (Lisburne Group)
Lower Mississippian shale and conglomerate (Endicott group)

sub-Mississippian UnconformityLower Cretaceous unconformityTplm

To

Teu

Tp

Ks

LCUMiocene-Pliocene sedimentary rocks, mainly Sagavanirktok
     Formation at Flaxman Island 1

KJk

SMU

TrPs
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DOCn

Unnamed Unconformity
pCk III

pCk  II

pCk  I

Lower Paleozoic?

Katakturuk
Dolomite

PRE-MISSISSIPPIAN SEQUENCE INFERRED BASEMENT UNITS CONTACTS AND SYMBOLS

CAI 3-4

G Geographic location tied to geologic map

Approximate location of conodant sample,
     showing conodant alteration index (CAI)

Bedding attitude

Stratigraphic Contact
Unconformity
Inferred pre-Mississippian age fault in basement
Brookian age fault, basement involved
Brookian age fault, basement not involoved

Pin indicating unfaulted, depositional contact

Apatite Fission-Track Sample Location

Tel
Middle Eocene unconformity

Proterozoic to
Lower Paleozoic?

Proterozoic?

Seismic Reflections

Ignek Valley
fission-track
sample

Oligocene sedimentary rocks, mainly Sagavanirktok
     Formation at Flaxman Island 1
Upper Eocene sedimentary rocks, mainly Canning
     Formation at Flaxman Island 1

Lower Eocene sedimentary rocks, mainly Canning
     Formation at Flaxman Island 1
Paleocene sedimentary rocks, mainly Canning
     Formation at Flaxman Island 1
Cretaceous sedimentary rocks, includes Kemik Sandstone, pebble
     shale unit, Hue Shale, and lower part of Canning Formation2

2

2

2

2

2

2

2

Proterozoic (?) dolomite (Katakturuk Dolomite, upper part)
     includes pEkbk, pEkh, pEkb, pEkus of Robinson et. al.
Proterozoic (?) dolomite (Katakturuk Dolomite, middle part)
     includes pEkw, pEkbn, pEklc, pEka, pEkuc, pEkp of
     Robinson et. al.
Proterozoic (?) dolomite and greenstone (Katakturuk Dolomite,
      lower part) includes pEkgn, pEks, pEkz, pEkv, pEkc,
      pEkl, pEkso of Robinson et al.

1     Molenaar, C.M., Bird, K.J., and Collett, T.S., 1986, Regional correlation sections across the North Slope of Alaska, U.S. Geological Survey Miscellaneous Field Studies, Map MF-1907. 1 sheet
2   Robinson, M.S., Decker, J., Clough, J.G., Reifenstuhl, R.R., Bakke, A., Dillon, J.T., Combellick, R.A., and Rawlinson, S.E., 1989, Geology of the Sadlerochit and Shublik Mountains,
     Arctic National Wildlife Refuge, northeastern Alaska, Alaska Division of Geological and Geophysical Surveys, Professional Report 100

Inferred Lower Paleozoic rocks (possibly
     including age-equivalents of the
     Nanook and Mount Copleston Limestone)

 Inferred Proterozoic to Lower Paleozoic
     rocks (possible including age-equivalents
     of the Katakturuk Dolomite and Nanook and
     Mount Copleston Limestones)
Inferred Proterozoic rocks (possibly including
     units that underlie the Katakturuk Dolomite)
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Gas seep locations were tabulated for confirmed occurrences by Paul Decker. Accumulations 
are based on multiple public sources and were compiled by the Division of Oil and Gas.  
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 DISCLAIMER 
 
This map was created, edited, and published by the State of Alaska, Department of Natural 
Resources, Division of Oil and Gas, and is for informational purposes only. An attempt has 
been made to reconcile discrepancies among conflicting sources of map data in this 
compilation, but the user is cautioned against using this product as the basis for detailed 
interpretations. 
 
The State of Alaska makes no expressed or implied warranties (including warranties of 
merchantability and fitness) with respect to the character, function, or capabilities of this 
product or its appropriateness for any user's purposes.  In no event will the State of Alaska be 
liable for any incidental, indirect, special, and consequential or other damages suffered by the 
user or any other person or entity whether from use of the product, any failure thereof or 
otherwise, and in no event will the State of Alaska's liability exceed the fee paid for the 
product. 

The Brooks Range foothills between the Brooks Range front and the North Slope consists of a series of rolling hills, 
mesas and east-trending ridges with elevations from 900 to 1,500 feet. The rocks in the foothills are younger and 
less deformed than those in the Brooks Range to the south. Rock exposures in the foothills provide useful 
information about the subsurface geology to the north. 
Figure 3.1 shows the general geological structure of northern Alaska. 
The geologic history of northern Alaska has resulted in four stratigraphic sequences.   From oldest to youngest, these 
are the Franklinian, Ellesmerian, Beaufortian and Brookian sequences.   The sequences reflect major tectonic cycles, 
and are distinguished by significant differences in sediment source areas, depositional environments, and structural 
framework.  Relatively short-lived events, such as changes in sea level, altered the depositional environment and 
created internal complexities within the sequences. 
Franklinian Sequence.  The Franklinian sequence, also informally called the pre-Mississippian sequence, formed 
on a stable continental platform before Middle Devonian time (about 400 million years ago).  The sequence contains 
a wide range of rock types that include metamorphosed argillites, graywackes, quartzite, carbonates, and some local 
volcanics and granites.   Some of the sequence may have formed on a passive margin sloping under a sea that 
deepened to the south.   The Franklinian sequence is often considered non-prospective “basement” due to its high 
thermal maturity and generally poor reservoir quality.   However, shows of migrated oil are common in basement 
penetrations along the Barrow Arch, and wells in the Point Thomson area have penetrated zones of permeable, 
vuggy and fractured dolomites.   Economic production from Franklinian sequence pools at some point in the future 
is not out of the question. 
Franklinian sequence deposition ended across most of northern Alaska with a cycle of mountain building and 
metamorphism (the Ellesmerian orogeny).   Franklinian rocks were highly deformed and moderately to severely 
altered throughout the mountain belt.   The continental uplands were rapidly eroded to a low-lying, south-facing 
coastal plain that began to subside below sea level, accelerated in places by the formation of failed rift sub-basins 
such as the Meade and Ikpikpuk-Umiat sub-basins of NPR-A.  The Ellesmerian sequence developed beginning in 
Middle to Late Devonian time with renewed deposition of northerly-derived sediments onto the widespread pre-
Mississippian unconformity. 
Ellesmerian Sequence.  Early Ellesmerian sequence clastic sediments, eroded from uplifted Franklinian rocks in 
the landmass that lay mostly to the north of the modern Beaufort Sea coast, spread southward where they 
accumulated in coastal and marine settings of the so-called Arctic Alaska basin.   This south-facing passive margin 
deposition is the essential characteristic of the Ellesmerian sequence, and it continued into Early or Middle Jurassic 
time.   Deposited in highly varied marine to non-marine settings over at least 150 million years, Ellesmerian strata 
constitute a diverse suite of clastic and carbonate formations, including prolific petroleum source rocks, excellent 
reservoirs, and strong seal units that collectively define a self-contained, world-class petroleum system.   From a belt 
of maximum thickness that coincides with the Hanna Trough in the Chukchi Sea and the Meade and Ikpikpuk-Umiat 
sub-basins onshore, the Ellesmerian thins southward due to depositional distance from the source of the sediments.  
The Ellesmerian also thins northward due to a combination of depositional onlap against the terrestrial landmass and 
post-depositional uplift and erosion. 
Beaufortian Sequence.  The Beaufortian sequence, deposited between Early to Middle Jurassic and Early 
Cretaceous time is now interpreted by most geologists to reflect deposition influenced by the early stages of 
counterclockwise rotational rifting of the North Slope Ellesmerian landmass away from equivalent platform rocks in 
Arctic Canada.   A number of alternative tectonic models have been proposed that interpreted the northern Alaska 
margin as the product of various strike-slip movements, but compelling evidence for these hypotheses has never 
developed.   According to the more widely accepted rift model, the Barrow Arch developed near what is now the 
Beaufort Sea coast as a chain of asymmetric rift shoulder uplifts in multiple episodic phases.   The Barrow Arch is  

bounded on its steep northern side by the system of rift grabens and plateaus that transition outboard into the oceanic 
crust of the Canada basin.   The southern flank of the Barrow Arch rift shoulder initially sloped very gently 
southward into the Arctic Alaska basin.   There is considerable uncertainty over the exact timing of earliest 
Beaufortian sequence rift deposition because the basal syn-rift sediments cannot be directly dated.   Seismic 
interpretations place the oldest syn-rift units at the bottom of the Dinkum Graben offshore north of the Prudhoe Bay 
area, now deeply buried where they have never been penetrated by drilling. 
Widespread subaerial erosion along the Barrow Arch likely occurred at more than one stage, and culminated during 
Early Cretaceous time to form an unconformity of regional east-west extent.   The Lower Cretaceous unconformity 
forms an important hydrocarbon migration and accumulation element for many of the oil fields on the North Slope, 
including Prudhoe Bay.   Most of the Beaufortian sediments eroded from the rising Barrow Arch likely drained off 
the gentle southern flank into the Arctic Alaska basin, where they were subsequently deeply buried under the soon-
to-develop foreland basin of the Brooks Range.   Other erosional products from the Barrow Arch no doubt drained 
northward into the depths of the rift grabens, where they may never be encountered by drilling.   However, 
important Beaufortian sandstone reservoirs accumulated in a variety of mostly shallow marine settings on the uplift 
margin, either accommodated in relatively subtle structural, erosional, or other bathymetric lows or perched on syn-
rift fault blocks stepping off the Arch to the north.   Key examples include the Lower Cretaceous Kuparuk 
Formation sandstones of the Kuparuk and Point McIntyre fields and Upper Jurassic Kingak Formation sandstones of 
the Alpine Field. 
Brookian Sequence.  South-dipping subduction of the part of the Arctic Alaska basin underlain by oceanic crust led 
to arc-continent collision accompanied by north-directed emplacement of thick stacks of far-traveled thrust sheets in 
Late Jurassic and Early Cretaceous time, forming the thickened crust of the ancestral Brooks Range.   This 
thickening loaded the earth’s crust north of the range and depressed it to form the Colville Basin, a classic foreland 
basin extending east-west along the length of the range.   Sediments eroded from the Brooks Range thrust sheets 
poured into the Colville Basin, progressively filling it in by building a shelf platform from southwest to northeast 
and forming the Brookian sequence.   Brookian sediments ultimately spread out over the Barrow Arch and into 
fault-controlled basins of the Beaufort Sea, especially during Late Cretaceous and Tertiary time. 
In general terms, the older, lower Brookian sequence sediments at any given location (such as seen in a wellbore) 
tend to consist of shales and sandstones deposited in water hundreds or thousands of feet deep.   The rocks higher in 
the sequence typically consist of sandstones and shales associated with coastal plains, river deltas, or other shallow-
water environments up on the shelf.   This transition toward progressively shallower deposition through time 
demonstrates the progressive filling of the Colville Basin in the Brookian foreland. While the sediments filled the 
Colville Basin, the area of active sedimentation moved eastward.   As a result the Brookian rocks tend to become 
younger from west to east in the basin. 
Quaternary sediments mask most of the older bedrock north of the foothills.   Most Quaternary deposits consist of 
unconsolidated sand and gravel, containing reworked Brookian sediments along with materials from the present day 
Brooks Range.   Overlying these deposits are ice-rich, fluvial silts and sandy silts that include variable amounts of 
organic matter.   In addition to fluvial deposits, eolian sands are prevalent in northern NPR-A, and mark cold, dry 
Ice Age conditions. 
Adapted from Dispelling the Alaska Fear Factor: A guide to Alaska’s oil and gas basins and business environment, 
2005/2006, Chapter 3, Northern Alaska’s oil and gas province, published by Petroleum News. 
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