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ABSTRACT

Northern Alaska consists of the extensive Arctic Alaska terrane and the structurally overlying
Angayucham terrane. The Angayucham terrane, partly exposed in thin klippen, consists of a lower
assemblage of Devonian to Jurassic ocean-island basalts and pelagic sedimentary rocks structurally
overlain by Middle Jurassic ophiolite of probable island-arc affinity. These lower unit is thought to
have been assembled as a subduction complex associated with the overlying ophiolitic rocks in
Jurassic time.

Rocks of the Arctic Alaska terrane are divided into a structurally and stratigraphically complex
Proterozoic to middle Paleozoic assemblage overlain by a laterally extensive succession of
uppermost Devonian and Lower Mississippian to Lower Cretaceous nonmarine to marine
continental margin deposits (e.g., Ellesmerian sequence), overlain, in turn, by upper Mesozoic and
Cenozoic siliciclastic foredeep deposits (Brookian sequence). The Devonian and older rocks
record early to middle Paleozoic convergent deformation and arc plutonism along the edge of North
America, followed by rifting in Devonian time. The Devonian rifting event culminated in
formation of an ocean basin and the development of a paleogeographically complex south-facing
passive margin by Late Devonian time. Subsidence along the passive margin resulted in (1)
progressive northward onlap of nonmarine and carbonate platform deposits in Late Devonian and
Mississippian time and (2) neritic to bathyal deposits characterized by condensed basinal deposits
in Mississippian to Jurassic time. A second rifting event culminated in opening of the Canada
basin in Early Cretaceous time and produced the modern northern continental margin of Alaska.
The Brookian orogeny began in the Middle and Late Jurassic with southward subduction of the
ocean basin that lay outboard of the south-facing passive margin of the Arctic Alaska terrane.
Fragments of the late Paleozoic and early Mesozoic oceanic crustal rocks were underplated by
subduction beneath an intraoceanic arc + underlying ophiolite, thus forming the Angayucham and
associated arc terranes. In Late Jurassic and Early Cretaceous time, the outer (distal) passive
continental margin succession was partially subducted and underplated beneath the Angayucham
terrane. Northward thrust imbrication placed more distal parts of the continental margin over its
more proximal parts. The axis of associated Brookian foredeep sedimentation migrated northward
with the thrust front, with older deposits involved in later thrusting. The continental substructure
of the Arctic Alaska terrane was subducted to deeper levels, resulting in tectonic thickening and
high-pressure metamorphism. By Albian time, the rate of underthrusting diminished and the Arctic
Alaska terrane was rapidly uplifted and unroofed, resulting in setting of isotopic cooling ages and
deposition of huge volumes of Brookian clastic detritus. Subsequent Late Cretaceous and Tertiary
Brookian orogenesis is limited to the eastern Brooks Range, where thrusting and foredeep
deposition have migrated northward into the offshore region, and the Lisburne Peninsula,.where
east-vergent thrusting reflects local convergence between Asia and North America.

INTRODUCTION

This paper describes the geology of northern Alaska, the largest geologic region of the state of
Alaska. Lying entirely north of the Arctic Circle, this region covers an area of almost 400,000

kmZ and includes all or part of thirty-six 1:250,000-scale quadrangles (fig. 1). Northern Alaska is
bordered to the west and north by the Chukchi and Beaufort Seas, to the east by the Canadian
border, and to the south by the Yukon Flats and Koyukuk basin. Geologically, it is notable
because it encompasses the most extensive area of coherent stratigraphy in the state, and it contains
the Brooks Range, the structural continuation in Alaska of the Rocky Mountain system. Northern
Alaska also contains the largest oil field in North America at Prudhoe Bay, the world's second
largest zinc-lead-silver deposit (Red Dog), important copper-zinc resources, and about one-third of
the potential coal resources of the United States.

Geologic investigation of northern Alaska has been underway for more than eighty years.
Spurred by the petroleum and mineral potential of the region, early efforts, mostly by government
scientists, focused on understanding the stratigraphy, age, and geographic distribution of the
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Devonian age were recovered from some of these limestone bodies in both the eastern and western
Brooks Range, leading most workers to conclude that the Skajit Limestone is a regional
stratigraphic marker unit of middle Paleozoic age (Brosgé and others, 1962; Tailleur and others,
1967; Oliver and others, 1975; Mayfield and Tailleur, 1978; Brosgé and others, 1979; Nelson and
Grybeck, 1980; Dillon and others, 1986; Dillon, 1989).

To distinguish the Skajit Limestone and other older carbonate units in the southern Brooks
Range from the upper Paleozoic Lisburne Group, Tailleur and others (1967) defined the Baird
Group to consist of the Skajit Limestone, Kugururok Formation, and Eli Limestone (the latter two
herein included in the De Long Mountains subterrane), and other unnamed carbonate units. They
also suggested that the Baird Group represents remnants of a once widespread carbonate-platform
succession of largely Devonian age. However, subsequent recovery of Ordovician graptolites
from the Baird Group (Carter and Tailleur, 1984) and the detailed micropaleontologic
investigations of Dillon and others (1987a), Dumoulin and Harris (1987), and Dumoulin (1988)
have revealed that the Baird Group consists of two or more successions of carbonate strata of
mainly early Paleozoic age. These data have raised questions about the correlation and the
stratigraphic usefulness of the various carbonate bodies assigned to the Skajit Limestone and the
Baird Group as a whole.

The most detailed work on the carbonate rocks of the Baird Group is the conodont
biostratigraphy and associated sedimentary facies studies of Dumoulin and Harris (1987), who
have recognized two distinctive metacarbonate sequences, the northeastern carbonate sequence and
the westcentral carbonate sequence, in the Baird Mountains quadrangle in the western Brooks
Range. Both sequences are tectonically disrupted, so they were reconstructed from incomplete,
but overlapping, sections in different thrust sheets.

The northeastern carbonate sequence in the Baird Mountains quadrangle consists
of at least 360 m of Middle Cambrian to Upper Silurian and Devonian(?) metalimestone and
dolostone. The Middle and Upper Cambrian rocks grade upward from massive marble to thin-
bedded metalimestone-dolostone couplets that contain mollusks, acrotretid brachiopods, and
agnostid trilobites. These rocks were deposited under shallow-marine conditions (Dumoulin and
Harris, 1987). The Cambrian rocks are overlain by Lower and Middle Ordovician metalimestone
and graptolitic phyllite. Graptolites and conodonts indicate that the Ordovician rocks were
deposited in cool-water, midshelf to basinal conditions (Carter and Tailleur, 1984; Dumoulin and
Harris, 1987). Upper Ordovician rocks of the sequence consist of bioturbated to laminated
dolostone containing warm, shallow-marine conodonts, whereas Upper Silurian rocks consist of
thinly laminated dolomitic mudstones that were deposited in a restricted, shallow-marine
environment. A few conodont species from the succession range into the Devonian, but no
uniquely Devonian conodonts have been recovered. Although the geographic extent of this
sequence is unknown, lithofacies similar to those of this sequence are found as far east as the
Dalton Highway.

The 1,200-m-thick westcentral carbonate sequence of the Baird Mountains
quadrangle consists largely of Ordovician metalimestone with Silurian dolostone and Devonian
metalimestone (Dumoulin and Harris, 1987). The Lower Ordovician rocks consist of argillaceous
metalimestone deposited in a normal-marine environment and fenestral dolostone deposited in a
shallow-water, locally restricted platform environment. Middle Ordovician rocks consist partly of
dolostone that was deposited in a warm, very restricted, shallow-water, innermost platform
environment, whereas sparse Upper Ordovician rocks are metalimestone that was deposited in a
cool and deep-water environment. Middle and Upper Silurian rocks consist of at least 100 m of
shallow-water dolostone that may unconformably overlie the older rocks. Devonian rocks, widely
exposed in the westcentral sequence, conformably overlie the Silurian dolostone and consist of
fossiliferous metalimestone deposited in a range of normal-marine to slightly restricted shelf
environments. This sequence, which appears to be restricted to the southwestern Brooks Range,
is found in a structurally higher position than the northeastern carbonate sequence. Notably,
Lower and Middle Ordovician strata of the westcentral carbonate sequence are not recognized
outside the Baird Mountains quadrangle in the southern Brooks Range, but these strata show many
similarities in biofacies and lithofacies to age-equivalent rocks of the York Mountains terrane on the
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Seward Peninsula. Harris and others (1988) reported that these Lower and Middle Ordovician
strata contain a significant proportion of conodont species that are of Siberian provincial affinity.

Lower Paleozoic metasedimentary rocks

In the Baird Mountains quadrangle, lower Paleozoic metaclastic and metavolcanic rocks of the
Tukpahlearik Creek unit of Karl and others (1989) are situated between thrust sheets containing the
contrasting sequences of carbonate rocks of the Baird Group as described by Dumoulin and Harris
(1987). The Tukpahlearik Creek unit consists of black carbonaceous quartzite and siliceous
argillite with lenses of dolostone and marble, pelitic schist, chert-pebble metaconglomerate, calc-
schist, thin-bedded micaceous marble, and metabasite. Karl and others (1989), who recovered
Ordovician conodonts from a dolostone lens in the black quartzite, inferred a basinal depositional
environment for these rocks.

Cambrian and Ordovician metaclastic rocks have been reported from near the Dalton Highway in
the Hammond subterrane by Dillon and others (1987a). The Cambrian rocks are at least 100 m
thick and consist of thin-bedded, red-weathering, phyllitic, calcareous siltstone and sandstone with
intercalated black, carbonaceous phyllite. A thin, but massive, limestone unit, which forms the
uppermost part of the sequence, contains Middle Cambrian phosphatic brachiopods and trilobites
that Palmer and others (1984) considered similar to those in open-shelf facies of the Siberian
platform.

Dillon and others (1987a) inferred that the Cambrian rocks are overlain by at least 50 m of
imbricated thin-bedded, black, carbonaceous phyllite and crinoidal limestone that are interstratified
with thick-bedded marble and sparse thin-bedded, black quartzite and calcareous sandstone.
Conodonts from the basal part of the black phyllite and crinoidal limestone unit are late Early
Ordovician (middle Arenigian) and those in the uppermost part are Late Ordovician (Caradocian or
younger) (Dillon and others, 1987a). These carbonaceous Ordovician rocks represent a basinal or
off-platform depositional environment, but their relation to the assumed underlying rocks is
uncertain because of extensive faulting.

However, recent mapping shows that an alternative interpretation of these rocks is possible
(T.E., Moore, unpub. data, 1992). The trilobite-bearing limestone unit has ambiguous
relationships with the structurally lower metaclastic rocks and may instead be a fault slice of the
Skajit Limestone, to which it is juxtaposed. Similarly, the fine-grained black carbonaceous phyllite
and limestone of Ordovician age may compose a basinal interval in a nearby imbricate of Skajit
Limestone. This interval may be analogous to the Ordovician basinal interval of the Baird Group
of the northeastern Baird Mountains quadrangle (see above). If these proposed relationships are
correct, clastic rocks of Early Paleozoic age can only be documented in the Baird Mountains
quadrangle, although huge regions of the Hammond subterrane are underlain by undated
metaclastic rocks which may eventually prove to be Early Paleozoic.

Devonian metasedimentary rocks

Rocks exposed extensively in the Hammond subterrane, especially its northern part, compose a
foliated, imbricated assemblage of black, calcareous phyllite, calcareous chlorite phyllite, black,
siliceous phyllite, maroon and green phyllite, argillite- and limestone- pebble conglomerate,
metagraywacke, mafic pillowed flows and volcaniclastic rocks, quartz- and chert-pebble
conglomerate, quartzose sandstone, and lenticular limestone bodies. Stratigraphy of the
assemblage is ambiguous due to variations in thickness, in proportion of rock types, and in
stacking order. In the Wiseman quadrangle, Dillon and others (1986) divided the assemblage into
three primary units: (1) a lower, unnamed unit of coarse-grained, siliceous, clastic
metasedimentary rocks; (2) a middle, heterogenous unit locally assigned to the Beaucoup
Formation; and (3) an upper unit of phyllite and slate assigned to the Hunt Fork Shale.
Metamorphosed volcanic rocks and diabase are present locally in all three units.

The lowest unit consists of complexly interlayered and metamorphosed calcareous, chloritic
siltstone, sandstone, and quartz conglomerate. Dillon (1989) reported that these rocks rest

86



Moore and others: Stratigraphy, structure, and geologic synthesis of northern Alaska OF92-330

unconformably on Cambrian and Ordovician metasedimentary rocks and grade laterally and
upward into the Skajit Limestone and associated metamorphosed silicic volcanic rocks and
volcanogenic graywacke informally named the "Whiteface Mountain volcanics" (Dillon, 1989).
Although no fossils have been recovered from the lowest unit, Dillon (1989) inferred a Middle
Devonian age.

Where mapped as part of the Hammond subterrane in the Wiseman quadrangle, the Beaucoup
Formation (Devonian) (Dutro and others, 1979) consists of, from base to top, (1) black,
calcareous phyllite, siltstone, and other fine-grained rocks; (2) lenticular bodies of fossiliferous
limestone or marble containing Middle and Late Devonian (Givetian and Frasnian) brachiopods and
conodonts; and (3) calcareous, chloritic phyllite, metasandstone, and metaconglomerate (Dillon and
others, 1986). Dillon and others (1987a) also included purple and green phyllite in the Beaucoup
Formation. These rocks have been correlated with the Beaucoup Formation of the Endicott
Mountains subterrane because of their similarity in overall lithology and in age of enclosed
carbonate strata and because of their structural proximity to the Endicott Mountains subterrane.

Although the Beaucoup Formation has only been mapped in the central and eastern Brooks
Range (Brosgé and others, 1979; Brosgé and Reiser, 1964, 1965; Dillon and others, 1986),
similar lithologies are present in the Hammond subterrane of the western Brooks Range. Nelson
and Grybeck (1980) and Mayfield and Tailleur (1978) mapped calcareous, micaceous schist,
phyllite and metasiltstone that may be correlative with the Beaucoup Formation rocks. Limestone
associated with these rocks contain Middle to Late Devonian fossils (Nelson and Grybeck, 1980).
Likewise, the Nakolik River unit of Karl and others (1989) in the Baird Mountains quadrangle is
similar to the Beaucoup Formation, although it may compose the basal part of the Endicott
Mountains subterrane instead of the Hammond subterrane (Karl and others, 1989).

Dillon (1989) hypothesized that the Beaucoup Formation in the Hammond subterrane is
characterized by complex facies changes. He suggested that the lenticular bodies of Devonian
limestone of the middle Beaucoup grade laterally and downward into the carbonate massifs of the
Skajit Limestone. To the west, where the Skajit is absent, the upper Beaucoup Formation grades
laterally and downward into thick units of the Devonian metagraywacke and felsic metavolcanic
rocks of Dillon's Whiteface Mountain volcanics. Dillon (1989) interpreted the metavolcanic rocks
as the volcanic equivalents of Devonian plutonic rocks exposed elsewhere in the subterrane and
correlative with the Ambler sequence of the Coldfoot subterrane. Associated rock units
representing local facies of the clastic, upper part of the Beaucoup Formation include quartzitic
schist and metaconglomerate, calcareous schist and phyllite, chlorite-rich metasiltstone and
phyllite, and quartz conglomerate (Dillon and others, 1987a). Units of black metachert and
argillaceous, thin-bedded carbonate rocks were interpreted as facies of the lower, black phyllite
unit of the Beaucoup. All these associated units are unfossiliferous, and many are exposed over
wide areas of the Hammond subterrane. Recent conodont biostratigraphic studies and new
structural data (Moore and others, 1991), however, suggest that many of the rocks currently
assigned to the Beaucoup Formation in the Hammond subterrane may be parts of allochthonous
sequences that are unrelated, or only partly related, to each other and to the type section of the
Beaucoup Formation in the Endicott Mountains subterrane.

Where mapped in the Hammond subterrane, rocks assigned to the Hunt Fork Shale consist
of an undetermined thickness of noncalcareous, black and dark-gray slate and phyllite that weather
dark brown. Interstratified metasandstone beds are sparse but are locally concentrated at the base
of the unit, along with stretched quartz- and chert-pebble conglomerate (Reiser and Brosgé, 1964,
Dillon and others, 1986). Relict siltstone and very fine sandstone laminae indicate that the protolith
of the slate and phyllite was mud-rich turbidites. Fossils are absent in these rocks; therefore, a
Late Devonian age for the Hunt Fork of the Hammond subterrane is inferred on the basis of
lithologic correlation to the fossiliferous Upper Devonian Hunt Fork Shale of the Endicott
Mountains subterrane. Dillon (1989) concluded that in the Hammond subterrane the Hunt Fork
Shale rests on a regional unconformity marked by local conglomeratic beds but locally grades
downward into clastic rocks of the Beaucoup Formation.

Although depositionally similar to the Hunt Fork Shale of the Endicott Mountains subterrane,
the Hunt Fork Shale of the Hammond subterrane is finer grained, commonly contains interlayered
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bodies of metadiabase, but lacks thin turbidites containing shallow-marine fossil debris that are
locally present in the Endicott Mountains subterrane. It also displays a higher textural grade and a
more complex structural style than does most of the Hunt Fork Shale of the Endicott Mountains
subterrane. No stratigraphically higher rocks overlie the generally isolated exposures of the Hunt
Fork Shale in the Hammond subterrane, so it is not known if it grades upwards into coarser
grained strata related to the Noatak Sandstone and Kanayut Conglomerate of the Endicott
Mountains subterrane.

The structural significance of rocks of the Hunt Fork Shale in the Hammond subterrane is also
controversial. Dillon and others (1986) and Dillon (1987a, 1989) reported that the Beaucoup
Formation in the Hammond subterrane is conformably overlain by the Hunt Fork Shale and
represents an integral part of that subterrane. In contrast, Grantz and others (1991) hypothesized
that exposures of the Hunt Fork Shale in the Hammond subterrane are klippen of the basal part of
the Endicott Mountains subterrane that were structurally emplaced on the Hammond subterrane
during an early part of the Brookian orogen. Recent work suggests that the Hunt Fork Shale of the
Hammond subterrane differs lithologically and structurally from that of the Endicott Mountains
subterrane, but may have once formed an older or more distal part of the clastic wedge of the
Endicott Group in the Endicott Mountains subterrane (T.E. Moore, unpub. data, 1992).

Mississippian to Permian(?) rocks

The youngest strata included in the Hammond subterrane are the Endicott, Lisburne, and
Sadlerochit(?) Groups which are exposed in several places in the Schwatka Mountains (fig. 22).
Mull and Tailleur (1977), Tailleur and others (1977), and Mull (1982) compared the Schwatka
Mountains succession to the lower Ellesmerian sequence at the Mt. Doonerak fenster in the North
Slope subterrane. However, the upper Paleozoic rocks of the Hammond subterrane differ from
those in the Mt. Doonerak fenster in that (1) the former rest on granitic rocks and on carbonate
rocks of the Baird Group instead of on clastic and mafic volcanic rocks as in the Mt. Doonerak
fenster and (2) existing mapping indicates that the Schwatka Mountains succession does not occur
in a structural window like that at Mt. Doonerak. For these reasons, we include these upper
Paleozoic rocks in the Hammond subterrane in this report, although we recognize that future work
may indicate that these rocks should be reassigned to the North Slope subterrane.

Endicott Group. The structurally lowest unit in the upper Paleozoic Schwatka Mountains
succession is the Kekiktuk Conglomerate; it consists of 100 to 200 m of cross-stratified
quartzite and stretched-pebble to -cobble conglomerate with intercalated red, green, and gray
phyllite. Undeformed clasts in the conglomerate are well rounded and as large as 10 cm. These
rocks unconformably overlie Devonian granitic rocks (Mull and Tailleur, 1977; Mull, 1982; Mull
and others, 1987c) and older carbonate rocks of the Baird Group (Tailleur and others, 1977,
Mayfield and Tailleur, 1978; Nelson and Grybeck, 1980), although Till and others (1988)
interpreted the basal contact as a fault. The Kekiktuk Conglomerate grades upward into less than
300 m of Kayak Shale, including black, carbonaceous phyllite, slate, and argillite with thin, red-
weathering, fossiliferous limestone interbeds. These rocks are commonly tectonically thickened
but may lie unconformably on older rocks in the Survey Pass and the Baird Mountains quadrangles
(Nelson and Grybeck, 1980; Karl and others, 1989). Conodonts from the Kayak in the Ambler
River quadrangle indicate an Early Mississippian (Osagean) age (Tailleur and others, 1977),
whereas megafossil and microfossil assemblages from the Kayak in the Survey Pass quadrangle
are Late Devonian (late Famennian) to Early Mississippian (Kinderhookian) and Late Mississippian
(Nelson and Grybeck, 1980).

Lisburne Group. Exposures of the Lisburne Group in the Hammond subterrane are located
in small synforms at Shishakshinovik Pass and at a locality 25 km to the north (Tailleur and others,
1977). The Lisburne Group in the Schwatka Mountains consists of about 100 m of medium- to
thick-bedded gray-to-black limestone and white dolomite that are commonly replaced with nodular
chert; thin, irregular chert beds are also present near the base of the unit. The Lisburne is deformed
and locally metamorphosed to marble. Microfossils from the basal part of the group in this area are
Early Mississippian (no younger than Osagean), whereas microfossils from the uppermost part of
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the group are Late Mississippian (late Meramecian to Chesterian) (L L. Tailleur, oral commun.,
1988). Megafossils from the Lisburne in this area are also Early and Late Mississippian (Mayfield
and others, 1978).

Sadlerochit(?) Group. Rocks mapped by Mayfield and Tailleur (1978) as the Sadlerochit(?)
Group at Shishakshinovik Pass in the Schwatka Mountains consist of a schistose and
reddish-brown weathering succession of calcareous, fine-grained quartzose sandstone and
interbedded siltstone that grade upward into black, phyllitic shale. These rocks are well bedded
and overlie the Lisburne Group on a probable disconformity. The thickness of the Sadlerochit
Group in these areas is difficult to estimate because of extensive tectonism, but is not more than a
few tens of meters thick. No fossils have been recovered from these rocks, but their lithology and
stratigraphic position suggest a possible correlation with the clastic rocks of the Sadlerochit Group
mapped elsewhere (Mull and Tailleur, 1977; Tailleur and others, 1977; Mayfield and Tailleur,
1978).

Metagranitic rocks

Metagranitic rocks of Proterozoic and Devonian age have been recognized in the Hammond
subterrane (table 1, pl. 1). The Proterozoic metagranitic rocks comprise widely scattered, typically
fault-bounded stocks and small plutons along the southern margin of the subterrane. The best
studied of these are the intrusive rocks at Mount Angayukagsraq (Baird Mountains
quadrangle) (Dillon and others, 1987b; Karl and others, 1989), which consist of about 70 percent
gabbro and leucogabbro and 30 percent granodiorite and alkali feldspar granite. These rocks,
which yielded a U-Pb crystallization age of 750 Ma, intrude well-foliated metasedimentary and
mafic volcanic rocks that were metamorphosed to amphibolite facies prior to intrusion in
Proterozoic time (Karl and others, 1989). Granitic rocks of this intrusive complex are highly
evolved and mildly peraluminous and are interpreted as "within-plate” magmas derived from a
weakly fractionated source and emplaced in a non-arc, continental setting (Karl and others, 1989).
Nelson and others (1989) reported Sm-Nd model ages based on an alkali-depleted mantle source
for the crust of 1.3 to 1.5 Ga and eN( values of 1.2 for the Proterozoic granitic rocks at Mount
Angayukaqgsraq. They inferred from those data that a major source for the granitic rocks was
continental crust at least as old as Early Proterozoic. Granitic gneiss of the Ernie Lake (Survey
Pass quadrangle) and nearby Sixtymile (Wiseman quadrangle) plutons has yielded highly
discordant Late Proterozoic U-Pb ages that are broadly similar to ages of the Mount
Angayukaqsraq rocks (Dillon and others, 1980; 1987b; Karl and others, 1989); however, the Ernie
Lake and Sixtymile plutons show evidence of an older crustal component (1,000-800 Ma ) (Karl
and others, 1989).

The younger granitic rocks comprise several large, metamorphosed plutons that define a west-
trending belt in the Chandalar, Survey Pass, and Ambler River quadrangles. The plutons are
elliptical, range from 5 to 50 km in length, and are commonly fault bounded. The largest are the
Arrigetch Peak and Mount Igikpak plutons (fig. 2) in the Survey Pass quadrangle. They
consist mostly of peraluminous muscovite-biotite granite but range from alkali-feldspar granite to
tonalite (Nelson and Grybeck, 1980; Newberry and others, 1986). However, microprobe analysis
indicates that the muscovite in some Devonian plutons in the Hammond subterrane may be partly
or entirely metamorphic in origin (A.B. Till, oral comm., 1990). Commonly associated with these
plutons are augen gneiss, schistose orthogneiss, and aplitic and pegmatitic gneisses that all locally
display isoclinal folds (Newberry and others, 1986). In contrast, the Horace Mountain
plutons (fig. 2) in the Chandalar quadrangle are composed largely of foliated metaluminous,
porphyritic biotite + hornblende granodiorite, porphyritic hornblende-biotite granodiorite, and
leucogranite; these plutons also contain diorite, quartz monzonite, and tonalite (Newberry and
others, 1986; Dillon, 1989).

Discordant U-Pb zircon ages indicate crystallization of the Arrigetch Peak pluton at
366 £ 10 Ma (Late Devonian) and the Horace Mountain plutons at 402 Ma (Early Devonian)
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(Dillon, 1989) (table 1). Ribidium-strontium whole-rock isochrons indicate an age of 373 +25 Ma
(Late Devonian) for the Arrigetch Peak pluton (Dillon, 1989; Silberman and others, 1979),
whereas K-Ar cooling ages for this pluton are 86-92 my (Late Cretaceous) (Brosgé and Reiser,
1971). Initial Sr-Sr ratios for the Survey Pass plutons are high (about 0.715), and their granitic
composition shows affinity with S-type granitoids, which suggests that the Survey Pass plutons
were formed by melting of continental crust (Nelson and Grybeck, 1980; Newberry and others,
1986). The calculated Sm-Nd model ages for the Survey Pass plutons range from 0.7 to 1.6 Ga,

and initial eng values for these plutons range from -6 to +3. These figures indicate varying
involvement of older crust and younger material in the genesis of the Survey Pass plutons (Nelson
and others, 1989). Compositional data from the Horace Mountain plutons, in contrast, indicate
affinity with I-type granitoids (Newberry and others, 1986). Dillon (1989) suggested that these
plutons are satellite bodies to the larger Baby Creek S-type pluton which intrudes the Coldfoot
subterrane a few miles to the south, but Newberry and others (1986) argued that compositional
data precludes a comagmatic relationship. Based on age and compositional similarities, Dillon
(1989) interpreted the felsitic metavolcanic rocks of the Upper Devonian Beaucoup Formation as
the extrusive equivalents to the Devonian plutons of the Chandalar quadrangle. Metamorphic
aureoles surrounding the plutons locally contain noneconomic Sn-W skarns in the Survey Pass
c11l91adrangle and Cu-Ag and Pb-Zn-Ag skarns in the Chandalar quadrangle (Newberry and others,
86).

Metamorphism of the Hammond subterrane

Regionally, metamorphic mineral assemblages are variable, increasing from chlorite grade in the
northern part of the subterrane to as high as amphibolite facies in the western part of the subterrane
(Dusel-Bacon and others, 1989). Evidence of at least three metamorphic events can be identified
within the rocks of the subterrane. The earliest is documented at Mount Angayukaqsraq (Baird
Mountains quadrangle), where metabasite lenses containing amphibolite, blueschist, and
greenschist facies mineral assemblages occur in a sequence of quartz-mica schist, quartzite and
marble. A Late Proterozoic metamorphic age for amphibolite in this area is indicated by K-Ar
muscovite and hornblende ages of 729 +22 and 594 *+18 my, although Cretaceous K-Ar ages have
also been determined from rocks of the same succession (Turner and others, 1979; Mayfield and
others, 1982; Armstrong and others, 1986). Turner and others (1979) originally suggested that the
K-Ar data indicate a Precambrian episode of blueschist facies metamorphism, but Till and others
(1988) and Armstrong and others (1986) now explain the disparity of K-Ar ages in these rocks to
be the result of Late Proterozoic amphibolite facies mineral assemblages partially overprinted by
Cretaceous blueschist facies mineral assemblages. The regional extent of the Late Proterozoic
metamorphic event(s) is not known, but they may also have affected the Late Proterozoic
metasedimentary rocks in the Wiseman and Survey Pass quadrangles. Kyanite is reported from
banded schist of probable Upper Proterozoic age near the Wiseman-Survey Pass quadrangle
boundary (Brosgé, 1975; Nelson and Grybeck, 1980). Alternatively, the Late Proterozoic higher
grade metamorphic episode may be restricted to contact metamorphic aureoles around Late
Proterozoic orthogneiss plutons located at Mount Angayukagsraq in the Baird Mountains
quadrangle and Ernie Lake in the Wiseman quadrangle (Dillon and others, 1986).

A second metamorphic episode is represented by metamorphic aureoles around Middle
Devonian orthogneiss plutons in the Chandalar, Survey Pass, and Baird Mountains quadrangles
(Dusel-Bacon and others, 1989). These contact metamorphic aureolas are up to several kilometers
in width (Newberry and others, 1986). Mineral assemblages in calcareous country rocks in the
aureoles vary from hornblende hornfels to albite-epidote hornfels facies and demonstrate
decreasing temperatures away from intrusive contacts (Newberry and others, 1986). The contact
metamorphic aureoles locally contain noneconomic Sn-W skarns in the Survey Pass quadrangle
and Cu-Ag and Pb-Zn-Ag skarns in the Chandalar quadrangle (Newberry and others, 1986). The
country rocks in areas outside the contact metamorphic aureoles commonly contain greenschist
facies mineral assemblages (albite-chlorite-muscovite-epidote) and dynamothermal textures.
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Higher grade garnet and biotite-bearing metasedimentary rocks are associated with the Devonian
orthogneiss plutons in the Survey Pass quadrangle (Nelson and Grybeck, 1981) and may represent
a deeper level of exposure of the regional Cretaceous metamorphic overprint or relict assemblages
associated with higher grade prograde metamorphism developed at the time of emplacement of the
plutonic rocks (Nelson and Grybeck, 1981; S.W. Nelson, personal communication, 1988).
Newberry and others (1986) suggest that Cretaceous K-Ar ages from these rocks and
dynamothermal metamorphism of the Devonian plutons indicate that the regional metamorphism is
Cretaceous and that Devonian metamorphism is restricted to the contact aureoles of the plutons.
Regional metamorphism of the Hammond subterrane is largely lower greenschist facies,
especially in the eastern part of the subterrane. Typical mineral assemblages in pelitic rocks include
chlorite, quartz, albite, white mica, and epidote with biotite and garnet appearing in higher grade
rocks in the Survey Pass quadrangle (Nelson and Grybeck, 1980). Calcareous schists in the
southern part of the subterrane contain mineral assemblages including calcite, dolomite, quartz,
white mica, albite, chlorite, actinolite, epidote, and sphene and metabasites contain the assemblage
actinolite, albite, epidote, and chlorite (Nelson and Grybeck, 1980). In the western part of the
subterrane, blueschist facies assemblages are also reported in metasedimentary rocks and
metabasite at Mount Angayukaqgsraq in the Baird Mountains quadrangle (Turner and others, 1979;
Mayfield and others, 1982; Armstrong and others, 1986; Till and others, 1988). These rocks
contain crossite-epidote assemblages and are interleaved with greenschist facies rocks. Till (1988)
suggested that the high-pressure assemblages of the Hammond subterrane differ from those of the
Coldfoot subterrane in that they are (1) regionally less extensive; (2) are younger; and (3) were
metamorphosed at somewhat lower pressure. Potassium-argon cooling ages for white mica in the
Hammond subterrane are 100 - 86 Ma (Turner and others, 1979; Till, 1988), but it is unclear if
these ages indicate a younger age of high-pressure metamorphism in the Hammond subterrane.

Coldfoot subterrane

The Coldfoot subterrane consists largely of fine- to coarse-grained metasedimentary rocks that
form the schist belt, a continuous 15- to 25-km-wide belt that stretches for at least 600 km along
the southern Brooks Range (Brosgé and Reiser, 1964; Mayfield and Tailleur, 1978; Nelson and
Grybeck, 1980; Dillon and others, 1986; Dillon, 1989; Karl and others, 1989) (figs. 3, 27).
These metamorphic rocks are bounded to the south by the Slate Creek subterrane and to the north
by the Hammond subterrane along boundaries that are difficult to identify in the field and are of
uncertain structural significance. Jones and others (1987) originally restricted the Coldfoot
subterrane to the central and eastern Brooks Range, but Dillon (1987a) pointed out that similar
metamorphic rocks extend west through the Survey Pass, Ambler River, and Baird Mountains
quadrangle without a significant break. We therefore have modified the Coldfoot subterrane of
Jones and others (1987) by including the rocks of the schist belt in the western Brooks Range.

The Coldfoot subterrane is bounded to the south by the Slate Creek subterrane, and to the north
by the Hammond subterrane, along boundaries of uncertain structural significance. The Coldfoot
subterrane is distinguished from the Hammond subterrane by the former's pervasive penetrative
deformation, generally higher textural grade, smaller proportion and size of enclosed carbonate
units, and near absence of relict sedimentary and igneous textures. The Coldfoot subterrane
consists of four primary lithologic assemblages that have undetermined stratigraphic significance:
(1) alower unit of Proterozoic and lower Paleozoic metasedimentary rocks, exposed in structural
windows; (2) the quartz-mica schist unit, consisting of various units of pelitic and semipelitic
schist; (3) the Bornite carbonate sequence of Hitzman and others (1986), composed mainly of
carbonate rocks that locally overlie the quartz-mica schist unit; and (4) the Ambler sequence of
Hitzman and others (1982), composed of mixed metaclastic rocks, metavolcanic rocks, and marble
that are enclosed by the quartz-mica schist unit. Like the Hammond subterrane, the Coldfoot
subterrane contains granitic rocks of Late Proterozoic and Devonian age.
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Lower unit of Proterozoic and lower Paleozoic metasedimentary rocks

The structurally lowest rocks in the Coldfoot subterrane are exposed along the northern margin
of the subterrane and in structural windows through the quartz-mica schist unit. These rocks,
mostly pelitic and calcareous schists, vary in lithology from place to place; this variability suggests
that the protoliths represent either diverse sedimentary facies or different tectonostratigraphic units.
Some of the schists are compositionally and temporally similar to rocks of the Hammond
subterrane but differ in structural features characteristic of the Coldfoot subterrane. The unit
includes mixed schists in the Kallarichuk Hills (Baird Mountains quadrangle), the Kogoluktuk
schist of Hitzman and others (1982), and unnamed units of calcareous schist and marble in the
Chandalar and Wiseman quadrangles (Brosgé and Reiser, 1964; Dillon and others, 1986).

The undivided mixed schists of the Kallarichuk Hills unit (Karl and others, 1989)
consist of silvery green quartz-mica schist with intercalated black quartzite and brown calcareous
schist. Sparse lenses of gray marble, blue amphibole-bearing metabasite, felsic metavolcanic
rocks, and rare metaconglomerate are also present in the unit. Conodonts indicate a Silurian to
Mississippian age for one carbonate lens, whereas two-hole crinoids recovered in another area
indicate a Devonian age. However, a Proterozoic age for part of the unit is suggested by a
Proterozoic granodiorite body that intrudes marble of the unit.

The Kogoluktuk schist of Hitzman and others (1982) consists of schists that underlie the
quartz-mica schist unit in a structural window in the Cosmos Hills. In the window, the
Kogoluktuk consists of about 2,500 m of interlayered pelitic schist, micaceous quartzite,
feldspathic schist, metabasite, chlorite schist, chloritic dolomite, and marble that are distinguished
from overlying units by coarser texture, relict epidote-amphibolite metamorphic assemblages, and
more complex structural fabric. Hitzman and others (1982) correlated the Kogoluktuk with thinly
layered micaceous quartzite and minor dolostone, marble, metaconglomerate, calc-schist,
semipelitic schist, and metabasite along the northern margin of the subterrane in the Ambler River
quadrangle. This northern assemblage can be traced westward into a structural window at the
border of the Ambler River and Baird Mountains quadrangles. Marble in this structural window
locally contains stromatolites, which may suggest that it is correlative with the stromatolite-bearing
Proterozoic rocks of the Hammond subterrane to the north (Karl and others, 1989). Hitzman and
others (1982) inferred a Devonian or older age for the Kogoluktuk because it is intruded by granitic
gneiss of probable Devonian age in the Cosmos Hills.

In a structural window west of the Dalton Highway in the Wiseman quadrangle, interlayered
calcareous schist, pelitic schist, and marble underlie the quartz-mica schist unit along a tectonic
contact. These rocks, at least a 1,000 m thick, contain prominent, 5- to 10-m-thick, laterally
discontinuous, highly strained marble units that are structurally thickened by isoclinal folding or
imbrication. Conodonts recovered from a dark argillaceous carbonate lens indicate an early Early
Devonian (Lochkovian) age for at least some of these rocks (A. G. Harris, written commun.,
1989). Near the town of Wiseman, these rocks can be traced northward into a narrow belt of
highly strained calcareous and pelitic schist that extends along strike for more than 150 km across
much of the Wiseman and Chandalar quadrangles (Dillon and others, 1986).

Quartz-mica schist unit

The quartz-mica schist unit, exposed throughout the Coldfoot subterrane, consists generally of
uniform pelitic and semipelitic quartz-mica schist and minor metabasite and metacarbonate rocks.
This unit has an estimated structural thickness of 3-12 km (Hitzman and others, 1982; Dillon and
others, 1986; Gottschalk, 1987) and is characterized by quartz stringers, boudins, and
segregations that commonly define isoclinal folds. Typically, these rocks (Anirak and Maunelek
schist units of Hitzman and others, 1982; knotty-mica schist unit of Dillon and others, 1986;
Koyukuk schist unit of Gottschalk, 1987) consist of green-, gray-, or brown-weathering quartz +
white mica + chlorite + albite + chloritoid schist with graphitic and quartz-rich compositional layers
generally less than a few meters thick. East of the Dalton Highway, the unit consists of about 95
percent interlayered pelitic schist, quartz-rich schist, and paragneiss and about 5 percent
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metabasite, metagabbro, and albite schist lenses (Gottschalk, 1987). The metabasite lenses contain
greenschist-facies assemblages (chlorite + albite + epidote + actinolite + sphene) but retain relict
blueschist-facies assemblages and pseudomorphs. Notably, one metabasite body near the Dalton
Highway retains an eclogite (garnet + sodic clinopyroxene + rutile) assemblage (Gottschalk,
1990). The quartz-mica schist unit represents a thick, deformed, and metamorphosed succession
of organic-rich shale and siliciclastic sediments (Hitzman and others 1982, 1986; Gottschalk,
1990); however, no relict primary structures have been preserved and possible earlier structural
fabrics have been mostly transposed into a position parallel with the regional south-dipping
foliation. The age of the protolith of the quartz-mica schist unit is unknown, but Hitzman and
others (1986) considered it Devonian and older. Dillon and others (1986) and Dillon (1989)
correlated the apparently less deformed parts of this unit with the Devonian Beaucoup Formation.
and Hunt Fork Shale of the Endicott Mountains subterrane, largely because of structural position
and assumed comagmatic character of the respective interstratified metavolcanic rocks.

Bornite carbonate sequence

The Bornite carbonate sequence of Hitzman and others (1986) consists of about 1,000 m of
carbonate rocks in the Cosmos Hills that may conformably overlie rocks of the quartz-mica schist
unit. The carbonate rocks grade upward from phyllitic marble to carbonate breccia, marble,
massive fossiliferous dolostone, and massive encrinitic dolostone and represent a carbonate
mudbank complex or bioherm (Hitzman and others, 1986). Nearby lateral equivalents include
marble, graphitic marble, carbonaceous phyllite, and fossiliferous, laminated dolostone and
represent back-reef lagoonal limestone and intratidal to supratidal deposits. A variety of Middle to
Late Devonian or earliest Mississippian megafossils are preserved within the Bornite carbonate
sequence (Patton and others, 1968), including well-preserved brachiopods of Middle Devonian age
(R.B. Blodgett, oral commun., 1990). Conodonts from one locality in the unit indicate a Silurian
age (A.G. Harris and J.A. Dumoulin, unpub. data, 1987); thus, the Bornite carbonate sequence
spans a large part of middle Paleozoic time. A 1-km-wide body of hydrothermal dolostone in the
biohermal facies hosts the Ruby Creek copper deposit, which contains more than 100 million tons
graded at 1.2 percent copper (Hitzman and others, 1986).

Ambler sequence

A well-known lithologic assemblage of the Coldfoot subterrane is the Ambler sequence of
Hitzman and others (1982), named for the volcanogenic massive sulfide mineral district in the
southern Ambler River and Survey Pass quadrangles. In this area, the sequence consists of a
complexly interfingering and deformed, 700- to 1,850-m-thick succession of foliated to massive
metarhyolite, felsic schist, metabasite, marble, chloritic schist, calcschist, and graphitic schist that
is inferred to wedge out to the south within the quartz-mica schist unit (Hitzman and others, 1982).
Dillon and others (1986) extended the sequence eastward into the Wiseman quadrangle, where it
forms thinner and laterally less extensive units and lenses.

Hitzman and others (1986) estimated the composition of the sequence in the Ambler River
quadrangle to be 60 percent metavolcanic and volcaniclastic rocks, 25 percent marble, and 15
percent metasedimentary rocks. The metavolcanic rocks of the Ambler sequence, which include
both felsic and basaltic lithologies, have been metamorphosed to blueschist- and greenschist-facies
assemblages. The felsic rocks consist in part of porphyritic metarhyolite with relict potassium
feldspar and resorbed bipyramidal quartz phenocrysts (the so-called button schist). The metabasalt
is tholeiitic in composition and is massive and concordant, except locally where it contains pillow
and breccia structures (Hitzman and others, 1986). Hitzman and others (1982) interpreted the
metavolcanic rocks of the Ambler sequence as a compositionally bimodal succession of submarine
mafic flows and felsic domes, ignimbrites, ash flows, pyroturbidites, and reworked clastic aprons
of volcanic debris. Major copper, zinc, lead, and silver sulfide resources in the Ambler mineral
district are distributed among many deposits associated with the felsic metavolcanic rocks of the
Ambler sequence (Hitzman and others, 1986).
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Corals recovered from dolomitic lenses within the Ambler sequence are Late Devonian to
Mississippian (Hitzman and others, 1986; Smith and others, 1978), but poor preservation casts
doubt on their identification (R.B. Blodgett, oral commun., 1990). Discordant zircon U-Pb and
Pb-Pb ages of 373 to 327 Ma have been derived from felsic metavolcanic rocks in the sequence
(Dillon and others, 1980); the ages indicate extrusion at 396 + 20 Ma (Early Devonian) (Dillon
and others, 1987b). On the basis of these ages, along with the reconstructed stratigraphy of the
sequence and the bimodal composition of metavolcanic rocks, Hitzman and others (1982, 1986)
proposed that the Ambler sequence was deposited in a continental-rift setting during Devonian
time.

Metagranitic rocks

The oldest known intrusive rocks in the Coldfoot subterrane are small bodies of metamorphosed
plutonic rocks of granitic to dioritic composition exposed in the Kallarichuk Hills (Baird Mountains
quadrangle) (fig. 1). Karl and others (1989) reported that the metagranitic rocks intrude marble of
the Proterozoic and lower Paleozoic metasedimentary unit of the Coldfoot subterrane and yielded a
Proterozoic U-Pb age of 705+ 35Ma..

A younger generation of metaplutonic rocks are represented by granitic gneiss in the Cosmos
Hills (Ambler River quadrangle), by the Baby Creek batholith in the Chandalar quadrangle, and by
several other small metagranitic bodies near Wild Lake and the village of Wiseman in the Wiseman
quadrangle. The Baby Creek batholith is a metamorphosed S-type, peraluminous biotite-
muscovite granite with a tentative initial Sr ratio of 0.707 (Newberry and others, 1986; Dillon,
1989). This batholith, which intrudes the quartz-mica schist unit, has yielded discordant U-Pb
ages indicative of crystallization in the Early Devonian (table 1). The Baby Creek batholith is
similar in most respects to most other porphyritic orthogneiss bodies of Devonian age in the
Hammond and North Slope subterranes (Newberry and others, 1986) and is cogenetic with the
felsic metavolcanic rocks of the Ambler sequence (Dillon and others, 1980; Dillon, 1989).

Metamorphism of the Coldfoot subterrane

Regionally, the Coldfoot subterrane displays lower greenschist facies mineral assemblages, but
blueschist and eclogite facies assemblages have been reported locally over most of its length and
are especially prominent in the Ambler mineral district in the Ambler River quadrangle (Dusel-
Bacon and others, 1989). Rocks of the subterrane are characterized by complicated parageneses as
indicated by (1) the presence of unstable mineral assemblages (2) abundant textural evidence of
replacement textures, and (3) multiple fabrics associated with different metamorphic assemblages.
Although few detailed petrologic investigations of these rocks have been completed to date, most
workers agree that at least two metamorphic episodes can be recognized regionally within the
subterrane: an older high-pressure episode and a relatively younger lower pressure episode. The
timing and tectonic significance of these metamorphic episodes presently is controversial, but they
commonly are assumed to be related to the Brookian orogenic event in Jurassic and Early
Cretaceous time (Hitzman and others, 1986). Pre-Mesozoic metamorphism has also been
suggested for parts of the quartz-mica schist assemblage on the basis of coarser crystallinity, relict
epidote-amphibolite metamorphic assemblages, and a more complex structural fabric (Hitzman and
others, 1982; Dillon, 1989; Dusel-Bacon and others, 1989), but the regional extent and age of this
metamorphism are uncertain. If present, pre-Mesozoic metamorphism may be explained as the
product of dynamothermal metamorphism associated with Devonian magmatism or subduction
zone metamorphism associated with Paleozoic convergence.

Blueschist facies assemblages are largely obliterated by younger assemblages in most areas, but
are well preserved in metabasites in the southern Ambler River quadrangle and in other locations in
the Baird Mountains, Survey Pass, Wiseman, and Chandalar quadrangles (Turner and others,
1979; Nelson and Grybeck, 1981; Hitzman and others, 1982, 1986; Gottschalk, 1987; Gottschalk
and Oldow, 1988; Till and others, 1988; Zayatz, 1987; Reiser and others, 1979). In metabasites,
the high-pressure assemblage typically contain glaucophane, epidote, garnet, and albite, with
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sphene and paragonite, whereas pelitic rocks typically have the assemblage garnet-chloritoid *
glaucophane (Hitzman and others, 1986; Gottschalk, 1987; Zayatz, 1987; Till, 1988). In most
areas, such as near the Dalton Highway, relict blue amphibole is rare, but pseudomorphs after blue
amphibole are common (Gottschalk, 1987). Recently, A.B. Till (written communication, 1988)
has recognized pseudomorphs after lawsonite of clinozoisite, paragonite, and albite within garnet
in many of the metasedimentary rocks of the Baird Mountains, Ambler River, and Wiseman
quadrangles. Rare, higher grade assemblages have also been reported in the subterrane, including
(1) a jadeite-bearing metagraywacke present in the Ambler River quadrangle (Turner and others,
1979) and (2) a metabasite lense near the Dalton Highway with coarse almandine garnet and sodic
augite which Gottschalk (1987) interpreted as an eclogite facies assemblages. However, the age
and structural relationship of these higher grade rocks to the surrounding lower grade rocks of the
quartz-mica schist assemblage in which they occur is uncertain.

The wide distribution of pseudomorphs of high pressure mineral phases suggests that the entire
subterrane underwent high-pressure metamorphism. Till (1988) reported that these assemblages
record an earlier lower temperature phase characterized by lawsonite and a younger higher
temperature phase characterized by epidote. Dusel-Bacon and others (1989) interpreted the high-
pressure assemblages as evidence that metamorphism occurred at high pressure with temperature
increasing over time. Near Wiseman, Gottschalk (1987) and Gottschalk and Oldow (1988)
interpreted early metamorphism to have occurred at pressures between 7.6 and 9.8 kb and at

temperatures around 4759C. These data suggest that peak metamorphism in the Coldfoot
subterrane occurred at depths in excess of 25 km.

The younger, lower pressure metamorphic assemblages are widespread in the Coldfoot
subterrane and are the typical assemblage observed in the subterrane. These assemblages are
commonly described as a mild to pervasive retrogradation to lower greenschist facies assemblages
(e.g., Dusel-Bacon and others, 1989). Metapelites typically display the assemblage quartz-white
mica-chlorite-albite, locally accompanied by chloritoid, calcite, biotite, garnet, and epidote,
whereas metabasites contain albite-chlorite-sphene, locally accompanied by amphibole, epidote,
quartz, pyrite, and magnetite. These minerals typically are oriented along well defined fabric in
pelitic rocks, but late postkinematic, helicitic albite porphyroblasts, randomly oriented biotite, and
partial to total replacement of garnet by chlorite are widespread (Dusel-Bacon and others, 1989).

Dusel-Bacon and others (1989) concluded that the conditions of metamorphism of the Coldfoot
subterrane in Mesozoic time followed a "clockwise" pressure-temperature path that evolved from
low- to high-temperature subfacies of the blueschist facies, followed by greenschist facies. The
high pressure-low temperature metamorphism is interpreted to have been caused by subduction of
the Arctic Alaska terrane, whereas the later greenschist facies metamorphism was probably due to
later thermal recovery and decreasing pressure associated with uplift of the Brooks Range in
Cretaceous time.

Potassium-argon cooling ages of white-mica in the Coldfoot subterrane are 130-100 Ma (Till,
1988) and are generally interpreted to date cooling of the later lower pressure greenschist facies
assemblages. Most workers suggest that these dates reflect uplift of the southern Brooks Range in
late Early Cretaceous time as recorded by the lithic composition of the Colville basin fill (e.g.,
Tumner and others, 1979; Till, 1988). Whether this uplift was produced by convergent
deformation involving structural basement (Oldow and others, 1987d) or by continent-scale crustal
extension (Miller and and Hudson, 1991) is uncertain. The age of the earlier higher pressure
metamorphic assemblages is more difficult to constrain isotopically because these minerals have
not been directly dated or have reequilibrated during lower pressure metamorphism. Estimates of
the age high-pressure metamorphism vary from 130 Ma to as old as 180 Ma, but commonly are
compared with 160 Ma-blueschist reported from the Seward Peninsula (Armstrong and others,
1986).
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Slate Creek subterrane

The southern part of the Coldfoot subterrane as mapped by Jones and others (1984) included the
5 to 10-km-wide phyllite belt which extends for over 500 km along the foothills of the southern
Brooks Range. This topographically recessive belt, locally metamorphosed to lower greenschist
facies, consists of phyllite, phyllonite, and metagraywacke. (Despite its texturally mature
compositon, sandstone of the Slate Creek and Venetie subterranes has been described as
"graywacke" because of dark green to gray coloration and chert-rich lithic composition). Patton
and Box (1989) distinguished the phyllite belt from the Coldfoot as a separate tectonostratigraphic
unit because of its probable tectonic contact with the Coldfoot subterrane, but linked it to the
Angayucham terrane as"Slate Creek thrust panel of the Angayucham subterrane" because of it close
association with that terrane. We agree with Patton and Box (1989) that the phyllite-
metagraywacke belt should be distinguished as a separate tectonostratigraphic unit, but because of
its quartz-rich composition and published interpretations of its origin as part of the Arctic Alaska
terrane (e.g., Murphy and Patton, 1988), we describe it here as the Slate Creek subterrane of the
Arctic Alaska terrane. This unit includes the Rosie Creek allochthon of Oldow and others (1987d).

The Slate Creek subterrane is structurally overlain to the south along the Angayucham fault by
imbricated basalt, chert, and diabase of the Angayucham terrane (fig 28). The subterrane locally is
depositionally overlapped by Albian and younger sedimentary rocks of the Koyukuk basin,
beneath which the subterrane disappears to the west. The Slate Creek subterrane is truncated by
the South Fork-Malamute fault system to the east, but is lithologically correlative with the Venetie
subterrane in the southeastern Brooks Range (D.L. Jones, pers, comm., 1987; W.P. Brosgé,
pers. comm., 1988). To the north, the subterrane overlies the Coldfoot subterrane along a south-
dipping fault contact marked by mylonite (Gottschalk and Oldow, 1988; Dillon, 1986, 1989) near
the Dalton Highway. In the Ambler district (Ambler River and Survey Pass quadrangles), where
the Slate Creek subterrane is represented by the Beaver Creek phyllite, Hitzman and others
(1982) interpreted the contact with the Coldfoot subterrane as a conformable gradational
metamorphic boundary. Elsewhere, local mylonitic zones have been recognized along the northern
margin of the subterrane and these may represent important zones of dislocation (Dillon, 1989).
Hitzman and others (1986) and Howell and others (1986, fig. 2) estimated structural thicknesses
of about 3 km for the Slate Creek subterrane in the western and eastern Brooks Range; Gottschalk
(1987) estimated a thickness of about 1000 m for rocks of the subterrane near the Dalton Highway.

The Slate Creek subterrane consists of brown, dark gray, and black metamorphosed fine- to
medium-grained sandstone, siltstone, shale, with radiolarian chert. At one location in the Ambler
River quadrangle, Murphy and Patton (1988) reported that the assemblage contains impure
limestone turbidites with coarse-grained carbonate platform and mafic volcanic debris, but other
workers believe these strata may be in tectonic contact with the unit. No mappable internal
stratigraphy has been recognized in the unit, but local zones of tectonic melange and broken
formation are present along its southern margin near the Dalton Highway (Gottschalk, 1987,
Dillon, 1989)

Where sedimentary structures are preserved, sandstone:shale ratios for the unit are typically
about 1:4. Sandstone beds are thin- to medium-bedded and display erosive bases, shale ripup
clasts, normal grading and well developed Bouma sequences (Murphy and Patton, 1988). Based
on these observations, Murphy and Patton (1988) suggested that the subterrane consists largely of
turbidites that may have been deposited in a deep-marine, possibly continental-slope environment.
Gottschalk (1987), however, reported oscillation ripples and hummocky cross-stratification within
the turbiditic strata and inferred shallow-water deposition for at least part of the unit. Flute casts
and bottom markings indicate southward sediment transport east of the Dalton Highway
(Gottschalk, 1987). Metagabbro dikes locally intrude these rocks (Nelson and Grybeck, 1980;
Dillon and others, 1986; Dillon, 1989; Karl and others, 1989).

Point counts of seven sandstone samples from the Slate Creek subterrane by Murphy and Patton
(1988) show that the graywacke protolith is compositionally mature, but texturally immature.
These sandstones consist predominantly of angular to subangular, moderately sorted quartz and
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chert grains with sparse feldspar (average Q74F9L17; Qm21FgL7(). Metamorphic rock fragments

(7%) are the most abundant lithic grain type after chert, but sedimentary (4%) and volcanic rock
fragments (6%) are common in these rocks. Matrix is abundant (10%) in the samples, suggesting
partial derivation from poorly indurated lithic grains during diagenesis. Murphy and Patton (1988)
concluded that the provenance of the subterrane is continental in character and included granitic,
quartzose metamorphic, unfoliated sedimentary, and minor volcanic rocks. They further suggested
that these lithologies were unroofed during a mid-Paleozoic continental-rifting event.

An Early Cretaceous or older age for the Slate Creek subterrane is indicated by Albian
sedimentary rocks which unconformably overlie it, but the age of the assemblage is otherwise
poorly known. The Beaver Creek phyllite in the Ambler district is assigned an Early Mississippian
age by Hitzman and others (1986) because of its inferred gradational contact with structurally
underlying Devonian to Mississippian rocks, but no fossils have been reported from this unit and
the actual contact relationships are not well known. Palynomorphs in phyllite near the Dalton
Highway indicate a late-Early Devonian (Siegian-Emsian) age (Gottschalk, 1987). However,
Devonian palynomorphs are durable and are commonly reworked into younger deposits (€.g.,
Cretaceous Nanushuk Group rocks in NPRA; Quaternary sediments of the Arctic Ocean),
indicating that an age as young as Early Cretaceous cannot be precluded for the unit (I.L. Tailleur,
personal communication., 1988). Chert interbedded with graywacke, also near the Dalton
Highway, contains Mississippian and Triassic radiolarian assemblages (Dillon and others, 1986)
and nearby fault slivers of chert contain Mississippian and Triassic-Early Jurassic assemblages
(D.L. Jones, in Murphy and Patton, 1988). Because it is unlikely that a clastic depositional
environment would persist unchanged from Devonian through Triassic time, however, many
workers believe that the chert ages are fault blocks of the Angayucham terrane that have been
tectonically incorporated into the Slate Creek subterrane. In the Ambler River quadrangle,
shallow-water conodonts reworked into limestone turbidites yield Devonian and Late Mississippian
or Pennsylvanian (?) ages (A.G. Harris, 1984, in Murphy and Patton, 1988), but these ages may
also be from a tectonic sliver incorporated along the faulted southern margin of the terrane.

Based on their review of the above data, Murphy and Patton (1988) favored a Devonian age for
the rocks of the subterrane. These workers also proposed a correlation of the rocks of the
subterrane to metagraywacke of similar age in the Venetie subterrane and suggested that they are
the deep-marine equivalents of the Upper Devonian chert-rich clastic rocks of the Endicott Group
in the Endicott Mountains subterrane. Oldow and others (1987d), on the other hand correlated the
rocks of the Slate Creek subterrane with older Devonian rocks of the Hammond subterrane.

The Slate Creek subterrane displays incipient to pervasive development of white mica and
chlorite along foliation surfaces and is interpreted to have undergone lower greenschist facies
metamorphism, especially along its northern margin (Murphy and Patton, 1988; Gottschalk and
Oldow, 1988; Dusel-Bacon and others, 1989). Dillon (1989) explained this foliation as the
product of a single metamorphic episode and contrasted it with polymetamorphosed, higher grade
rocks in the Coldfoot subterrane to the north. Gottschalk (1987), however, reported that the Slate
Creek subterrane displays evidence for the same deformational events as the higher grade rocks of
the underlying Coldfoot subterrane, but inferred that deformation occurred at a shallower depth and
hence, at a lower metamorphic grade, then did deformation of the Coldfoot subterrane.

Venetie subterrane

Jones and others (1987) defined the Venetie terrane as consisting of a structurally complex
assemblage of graywacke, phyllite, and chert that mostly structurally overlies the Ruby terrane in
central Alaska, but extends northeastward into the Christian and Arctic quadrangles in the
southeastern Brooks Range. Rocks of the Venetie terrane appear to cross an important structural
boundary where the Ruby and Arctic Alaska terranes abut in the southern Chandalar quadrangle
(Jones and others, 1986; Grantz and others, 1991). Rocks like those assigned to the Venetie
subterrane can be traced southwestward along the southern edge of the Brooks Range through a
series of scattered exposures in the southern Chandalar quadrangle into the Slate Creek subterrane.
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Although Venetie subterrane may possibly be distinguished from the Slate Creek subterrane by its
lesser metamorphic grade, its more easterly position, and the greater width of its belt of exposure,
many workers consider these two units to be lithologically correlative (e.g., Murphy and Patton,
1988). Because the part of the Venetie terrane of Jones and others (1987) in the Brooks Range
may be significantly displaced from the remainder of that terrane to the south, we believe that the
Brooks Range part should be distinguished from the major part of the Venetie. For these reasons,
in this paper we treat the Venetie rocks in the southeastern Brooks Range as a subterrane of the
Arctic Alaska subterrane comparable to the Slate Creek subterrane.

The Venetie subterrane structurally overlies the Endicott Mountains subterrane to the north, the
Hammond subterrane to the west, and the Coldfoot subterrane to the southwest. The mafic and
ultramafic rocks of the Christian complex of the Angayucham (Tozitna) terrane structurally overlie
the Venetie subterrane on the east, and the Venetie subterrane is separated by a fault from the Ruby
terrane to the south. The stratigraphy of the Venetie subterrane has not been described in detail,
although Howell and others (1986, fig. 2) estimate its structural thickness to be about 3 km. The
following general description is from Brosgé and Reiser (1962), W.P. Brosgé (pers. comm.,
1988), and D.L. Jones (pers. comm., 1987).

The Venetie subterrane is composed largely of micaceous fine- to medium-grained, gray-green
lithic sandstone and interbedded shale with bedding thicknesses generally less than 1 m. In the
western part of the terrane, these clastic rocks display low-grade metamorphic assemblages and
phyllitic to schistose fabrics. Fine-grained quartzite beds locally interdigitate with the graywacke
and appear to become more abundant higher in the section (Brosgé and Reiser, 1962). The
stratigraphic thickness of this clastic is estimated to be more than 600 m, although the structural
thickness of the sequence is likely to be much larger. Sandstone:shale ratios average about 3:1 in
the graywacke-rich lower part unit, but may be higher where quartzite is present in higher parts of
the section. Sedimentary structures indicate that this clastic sequence consists largely of turbidites
(D.L Jones, pers. comm., 1987; W.P Brosgé, pers. comm., 1988). Murphy and Patton (1988)
reported point counts of two sandstones from the Venetie subterrane which show that the rocks are
enriched in quartz and depleted in feldspar (average composition of Qg7 Fo L13 and Qm37 FQ
Ltg3). Lithic fragments are dominated by chert (14% of total grain population), but metamorphic

(12%) and sedimentary rock fragments (average 3%) are also present. Volcanic lithic grains are
rare. Matrix comprises as much as 20 percent of these rocks, suggesting partial derivation from
poorly indurated lithic grains modified by diagenesis. Brosgé and Reiser (1962) reported that the
clastic rocks are interbedded with less than 100 m of thinly bedded red, green, and black
radiolarian chert, siliceous argillite, and argillite. These rocks may alternatively be fragments of the
siliceous Upper Paleozoic rocks of the De Long Mountains (Sheenjek) subterrane, implying
tectonic juxtaposition with the structurally lower clastic rocks of the Venetie subterrane.

The age of the Venetie subterrane is poorly constrained. Palynomorphs from shale beds at two
localities in the graywacke unit yield Early(?) Devonian (J.M. Schopf, written comm. to W.P.
Brosgé, 1973) and Middle or Late Devonian ages (R.A. Scott, written comm. to W.P. Brosgé,
1965) and plant fossils from the latter locality indicate a Late (?) Devonian age (S.H. Mamay, 1962
and written comm. to W.P. Brosgé, 1962). Radiolarians recovered from the chert thought to be
interbedded with graywacke include Mississippian assemblages, whereas radiolarians contained in
bedded chert near the structural top of the terrane have been identified as Triassic and Permian in
age (D.L. Jones, pers. comm., 1987). Mississippian radiolarian ages (B.K. Holdsworth, written
communication to W.P. Brosgé, 1978; 1979), a probable Mesozoic radiolarian age (D.L. Jones
and B.L Murchey, written communication to W.P. Brosgé , 1981), and a possible Permian
conodont age Bruce Wardlaw, personal. communication to W.P. Brosgé, 1979) were also
obtained from chert associated with the Venetie subterrane.

Assuming the Upper Paleozoic siliceous sedimentary rocks are part of the Venetie subterrane, a
stratigraphy may be inferred for the subterrane consisting from base to top, of Middle and/or
Upper Devonian and Mississippian quartz- and chert -rich graywacke, quartzose clastic rocks of
undetermined age, and bedded chert of Mississippian, Permian and Triassic age. The age,
lithologies and composition of this inferred sequence is similar to the Endicott Mountains or De
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Long Mountains subterranes in the western Brooks Range. However, the Devonian clastic rocks
of the Venetie subterrane appear to be composed of deeper marine clastic deposits than the coeval
clastic rocks of these subterranes. These features may suggest that the Venetie subterrane is a more
distal facies, possibly as a continental-rise succession, of the Arctic Alaska terrane.

ANGAYUCHAM TERRANE

The structurally highest units of the Brooks Range are allochthonous mafic and ultramafic rocks
exposed in the greenstone belt in the southern foothills of the Brooks Range and to the north in a
series of synclinal remnants of large thrust sheets in the crestal and disturbed belts of the western
and eastern Brooks Range (figs. 3, 26, and 28). Jones and others (1986, 1987) assigned most of
the rocks of both areas to the Angayucham terrane, a terrane which also includes similar rocks
resting on the Ruby terrane in central Alaska. However, Jones and others (1987) assigned
lithologically correlative rocks in the eastern Brooks Range (Christian quadrangle) to the Tozitna
terrane, a terrane in central Alaska lithologically similar to the Angayucham terrane, but
distinguished by the presence or absence of certain key lithologies (e.g., andesitic breccia units in
the Tozitna terrane). In this paper, we modify the terminology Jones and others (1987) in order to
reflect a possibly major crustal boundary at the intersection of the Ruby and Arctic Alaska terranes
in the southern Chandalar quadrangle by restricting the Tozitna terrane to mafic and ultramafic
rocks resting structurally on the Ruby terrane and the Angayucham terrane to mafic and ultramafic
rocks resting structurally on the Arctic Alaska terrane. Therefore, in our terrane nomenclature, the
Angayucham terrane is restricted to northern Alaska.

Within northern Alaska, the mafic rocks of the Angayucham terrane have been divided into two
major structural packages (fig. 27). The structurally lower package consists principally of fault
imbricates of metamorphosed mafic volcanic rocks. In the greenstone belt, this package has been
called the Narvak thrust panel by Patton and Box (1989) (herein referred to as the Narvak
panel), whereas in the crestal and disturbed belts it is called the Copter Peak allochthon by
Mayfield and others (1988). The structurally higher package, which consists mainly of gabbroic
and ultramafic rocks, is called the Kanuti thrust panel in the greenstone belt (Patton and Box,
1989) (herein referred to as the Kanuti panel) and the Misheguk Mountain allochthon in the
crestal and disturbed belts (Mayfield and others, 1988). On the basis of similar lithology, age, and
structural position, Roeder and Mull (1978) correlated the two packages of the greenstone belt with
those of the crestal and disturbed belts and suggested that the former is the "root zone" for
extensive thrust sheets now represented by the klippen in the crestal and disturbed belts. We
organized rocks of the Angayucham terrane below by geographic location so that the evidence for
this correlation, which is of fundamental importance to tectonic reconstructions, is apparent.

Greenstone belt

The Angayucham terrane in the greenstone belt is a narrow zone of slightly metamorphosed
mafic igneous rocks, chert, and serpentinite that extends for over 500 km along the southern
margin of the Brooks Range. This belt consists principally of imbricated Paleozoic and Mesozoic
diabase and mafic volcanic rocks with local gabbro and ultramafic rocks and is exposed in the
southern foothills of the Brooks Range (Wiseman, Survey Pass, Hughes, and Ambler River
quadrangles). These rocks dip moderately to steeply southward and rest structurally on deformed
and metamorphosed rocks of the Slate Creek subterrane of the Arctic Alaska terrane. Patton and
Box (1989) have divided the igneous rocks into two lithotectonic units, herein referred to as the
Narvak panel and Kanuti panel. These units are distinguished by the abundance of mafic volcanic
rocks in the Narvak panel, in contrast with the large proportion of ultramafic rocks in the Kanuti
panel. Patton and Box (1989) also included the Venetie and Slate Creek subterranes of the Arctic
Alaska terrane in their Angayucham-Tozitna terrane as the Slate Creek thrust panel based on their
spatial association with those rocks, but as explained above we believe that these sedimentary units
display greater compositional affinity to the Arctic-Alaska terrane than to the Angayucham terrane.
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Narvak panel

The Narvak panel consists of an imbricate stack of fault slabs composed of pillow basalt and
subordinate diabase, basaltic tuff, argillite, limestone, and radiolarian chert that has a structural
thickness of more than 10 km in the Angayucham Mountains and 6 km near the Dalton Highway
(Dillon, 1989; Pallister and others, 1989) (fig. 28). Bodies of amphibolite are locally present near
the structural top of the unit in the Cosmos Hills and Angayucham Mountains (Hitzman and others,
1982; Pallister and others, 1989). The Narvak panel structurally overlies the Slate Creek
subterrane along a zone of south-dipping faults, tectonic mélange, cataclasite, and mylonite
(Hitzman and others, 1986; Dillon, 1989). Hitzman and others (1982,1986) referred to this fault
as the Angayucham thrust fault in the Ambler River quadrangle, whereas near the Dalton Highway,
Gottschalk (1987) and Gottschalk and Oldow (1988) named it the Cathedral Mountain fault zone.
Fault slivers of diabase; Mississippian to Triassic chert and argillite; Devonian, Mississippian,
Pennsylvanian, and Permian limestone; and calcareous arkose are locally present along this fault
zone (Gottschalk, 1987; Pallister and Carlson, 1988; I.L. Tailleur, oral. commun., 1988; Dillon,
1989).

The volcanic rocks of the Narvak thrust panel consist largely of pillow basalt and pillow breccia.
The basalts are very fine to fine-grained, nonvesicular to amygdaloidal, and commonly aphyric.
Where porphyritic, they contain sparse microphenocrysts of plagioclase and (or) clinopyroxene
and, locally, titaniferous augite (Pallister and others, 1989). Microgabbro and rare cumulate
layered gabbro have been reported locally from near the base of the Narvak (Barker and others,
1988). The rocks are metamorphosed to prehnite-pumpellyite or greenschist-facies assemblages
but have mainly static metamorphic textures (Gottschalk, 1987; Gottschalk and Oldow, 1988;
Dillon, 1989; Pallister and others, . 1989)

Associated sedimentary rocks consist largely of interpillow chert, thinly bedded radiolarian and
tuffaceous chert, siliceous tuff breccia, argillite, and minor lenses of limestone and marble. The
chert is gray, black, and red and as much as 60 m thick (Gottschalk, 1987; Jones and others,
1988; Dillon, 1989; Pallister and others, 1989). Depositional contacts between the chert and basalt
are present, but the bedded-chert sequences commonly mark the position of faults bounding the
imbricates that compose the Narvak panel.

Map relations and radiolarians from interpillow chert show that in the Angayucham Mountains,
the Narvak panel consists of four to eight map-scale fault imbricates of restricted age (Pallister and
Carlson, 1988). Radiolarian assemblages define an age progression, from structural base to top of
the imbricate sequence, of (1) Late Devonian (Famennian), (2) Mississippian, (3) Pennsylvanian
or Early Permian, (4) Triassic, and (5) Early Jurassic(?) (Murchey and Harris, 1985; B.L.
Murchey, written commun., 1987). In the vicinity of the Dalton Highway, various units of chert,
including those of Late Devonian, Late Devonian to Early Mississippian(?), Mississippian, Late
Mississippian(?) to Early Pennsylvanian, Early Permian, and Triassic to Early Jurassic indicate a
similar spread of ages (Jones and others, 1988), although a consistent pattern is not apparent.
Shallow-water fossils, abundant sponge spicules, and the finely laminated character of some of the
chert units suggest deposition in intermediate (500 to 1,500 m) water depths (Murchey and Harris,
1985), but chert containing abundant radiolarians is common and indicates deposition under deeper
marine conditions (Karl, 1989).

Geochemical data from the volcanic rocks show that many are hypersthene-normative tholeiitic
basalts (Barker and others, 1988; Pallister and others, 1989) and are transitional between normal
and enriched mid-ocean-ridge basalts (MORB). Rare-earth-element (REE) patterns vary from
relatively flat to slightly depleted or moderately enriched in light rare-earth-elements (LREE).
Considering the fine-grained, siliceous character of the associated sedimentary rocks and their wide
range of ages, Barker and others (1988) and Pallister and others (1989) interpreted the geochemical
data as evidence for extrusion of the igneous rocks on oceanic plateaus such as seamounts and
ocean islands.
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Kanuti panel

Ultramafic rocks in the southern Brooks Range foothills are exposed in the Jade Mountains and
in the nearby Cosmos Hills (both in the Ambler River quadrangle) and as scattered fault slivers
along the greenstone belt. In the Jade Mountains, serpentinite lies structurally on pillow basalt of
the Narvak panel along a south-dipping fault contact and contains relict minerals and textures of a
harzburgite protolith (Loney and Himmelberg, 1985). Prominent linear gravity and magnetic highs
trend along the northern edge of the Koyukuk basin and pass through these exposures (Barnes,
1970; Cady, 1989), which suggests that the ultramafic rocks compose a regionally extensive sheet
mostly buried beneath Cretaceous sedimentary rocks of the Koyukuk basin (Loney and
Himmelberg, 1985; Dillon, 1989). Cady (1989), however, concluded that ultramafic rocks were
rare and attributed the potential-field anomolies to mafic rocks of the Narvak panel.

Crestal and disturbed belts

The Angayucham terrane in the crestal and disturbed belts consists of klippen of slightly
metamorphosed mafic volcanic rocks, diabase, gabbro and ultramafic rocks that are exposed
discontinuously along the length of the Brooks Range (fig. 3). The klippen rest on
unmetamorphosed sedimentary rocks of the De Long Mountains and Endicott Mountains
subterranes of the Arctic Alaska terrane and consist of two lithotectonic units, the Misheguk
Mountain allochthon and the subjacent Copter Peak allochthon (Mayfield and others, 1988). These
units are distinguished by the abundance of mafic volcanic rocks and diabase in the Copter Peak
allochthon in constrast with the largely ultramafic rocks and gabbro of the Misheguk Mountain
allochthon.

Important bodies comprising this belt include massifs at Iyikrok Mountain, Asik Mountain,
Maiyumerak Mountains, Avan Hills, Copter Peak, Misheguk Mountain, Pupik Hills,
Siniktanneyak Mountain, and Kikiktat Mountain (Baird Mountains, DeLLong Mountains, Misheguk
Mountain, Howard Pass, and Killik River quadrangles) (fig.26). In the southeastern Brooks
Range, the belt of klippen is represented by the extensive Christian massif (Christian quadrangle)
which was included in the Tozitna terrane by Jones and others (1987). Where mapped, the
maximum thickness of the klippen is estimated to be about 5 km (Ellersieck and others, 1984;
Nelson and Nelson, 1982). A gravity high over the Maiyumerak Mountains has been suggested to
require a much greater thickness for that body (D. Barnes, pers. comm., 1988; K.R. Wirth, oral
comm., 1987), but may also be explained as the product of its steep northwesterly dip.

Copter Peak allochthon

The structurally lower Copter Peak allochthon consists of imbricated units of basalt and diabase
with subordinate basaltic tuff and breccia, microgabbro, siliceous tuff, radiolarian chert, and gray
argillite. Although generally massive and highly fractured, pillow structures and lava flows are
commonly reported, and columnar basalt is present locally (Moore, 1987b). The basalt is mostly
very fine to fine-grained, sparsely amygdaloidal and typically aphyric, although sparse plagioclase
and (or) clinopyroxene microphenocrysts are present in some rocks. These basalts have been
partly to completely altered to assemblages of albite, green amphibole, chlorite, sphene, and
calcite. Diabase dikes and sills intrude the lava flows and intercalated sedimentary rocks; they may
compose a large part of some fault imbricates within the Copter Peak allochthon (Bird and others,
1985). In the klippen of the western Brooks Range, the Copter Peak allochthon is less than 3 km
thick (Nelson and Nelson, 1982; Curtis and others, 1984; Ellersieck and others, 1984; Karl and
Dickey, 1989) (fig. 28). Geochemical data from the Kikiktak Mountain (Killik River quadrangle),
Siniktanneyak Mountain (Howard Pass quadrangle), Copter Peak (Misheguk Mountain
quadrangle), Asik Mountain (Noatak quadrangle), and Avan Hills (De Long Mountains and
Misheguk Mountain quadrangles) klippen indicate that the mafic igneous rocks are tholeiites.
Rare-carth-element patterns for most of the mafic rocks show moderate enrichment in light
rare-earth elements, whereas others ar flat. These data suggest that the mafic igneous rocks were
extruded at a mid-ocean ridge or seamount (Moore, 1987b; Wirth and others, 1987). Data from
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the Maiyumerak Mountains klippen (Noatak and Baird Mountains quadrangles), however, indicate
an oceanic-arc affinity for some of the rocks of the Copter Peak allochthon (Wirth and others,
1987; Karl and Dickey, 1989; Karl, 1991).

Interpillow chert is a minor, but ubiquitous, component throughout the Copter Peak allochthon;
bedded chert is present locally. The chert is typically red or light colored, contains abundant
radiolarians and little argillite, and represents slow sedimentation in an oxygenated, deep-water
environment (Murchey and others, 1988). Limestone and marble, in places containing Devonian
fossils, are present in the lower part of the Copter Peak allochthon. The carbonates are commonly
interpreted as tectonic blocks or slivers that were incorporated along the basal thrust of the
allochthon during its emplacement (Roeder and Mull, 1978; Mayfield and others, 1988). Nelson
and Nelson (1982), however, reported that some fossiliferous carbonate units are interbedded with
pillow lava and breccia of the Copter Peak allochthon; this evidence suggests extrusion of some of
the basalts at relatively shallow levels.

Age and structural relations of the rocks of the Copter Peak allochthon are constrained largely by
fossils collected from intercalated chert and limestone. Interpillow chert in the Copter Peak
allochthon in the western Brooks Range has yielded radiolarians that are largely Triassic (Ellersieck
and others, 1984), but Mississippian and Pennsylvanian radiolarians have also been recovered
from the Christian and Kikiktat Mountain massifs (D.L. Jones, oral. commun., 1987; B.L.
Murchey, written commun., 1987; Mull and others, in press). Limestone interstratified with
volcanic rocks near the base of the Siniktanneyak massif has yielded megafossils and conodonts of
Late Devonian age (Nelson and Nelson, 1982).

Misheguk Mountain allochthon

The Misheguk Mountain allochthon consists of ultramafic tectonite and cumulate rocks,
cumulate and isotropic gabbro, and diabase that have a reconstructed thickness of at least 6 km at
Siniktanneyak Mountain (fig. 28). The ultramafic rocks consists largely of dunite with chromitite
layers and subordinate harzburgite, wehrlite, and pyroxenite (Zimmerman and Soustek, 1979; Bird
and others, 1985). Isoclinal folds and other evidence of folding while in a ductile state are
common. These are interlayered with, and pass upward into, layered cumulate gabbroic rocks,
including troctolite, melagabbro, leucogabbro, and anorthosite; olivine, clinopyroxene, and
plagioclase are the cumulate phases in these rocks (Zimmerman and Soustek, 1979; Nelson and
Nelson, 1982; Bird and others, 1985). Noncumulate gabbro, locally intruded by small
plagiogranite dikes and stocks, composes a large part of the Misheguk Mountain klippen and forms
irregular intrusions in most other klippen in the western Brooks Range. This gabbro is ophitic,
consisting of plagioclase, green hornblende, and uralitized clinopyroxene and commonly displays
large miarolytic cavities. Diabase dikes locally intrude both the ultramafic and gabbroic rocks. In
some of the klippen, dikes and stocks of potassium feldspar-bearing granitic rocks intrude the
ultramafic rocks and gabbro and may represent a later plutonic episode (Zimmerman and others,
1981; Nelson and Nelson, 1982; Boak and others, 1987). Dikes and stocks of potassium
feldspar-granitic rocks have been reported to intrude ultramafic rocks and gabbro in a number of
the massifs and may represent a later plutonic episode (Nelson and Nelson, 1982; Zimmerman and
others, 1981) or partial melts generated during emplacement of the bodies while hot (Boak and
others, 1987). Crystallization sequences and mineral chemistries of rocks in the Misheguk
Mountain allochthon at Misheguk Mountain indicate crystallization in an arc, rather than a mid-
ocean ridge, setting (Harris, 1988).

Hornblende and biotite K-Ar ages from gabbro in the Siniktanneyak, Misheguk Mountain, and
Christian klippen range from 172 to 147 Ma (Patton and others, 1977; Boak and others, 1987).

Wirth and Bird (1992) reported 40Ar-39Ar incremental-heating ages of 187-184 Ma on
hornblende from gabbro of the Asik Mountain klippe. These dates indicate that crystallization of
the Misheguk Mountain allochthon occurred during the Middle Jurassic.
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Metamorphic rocks

In klippen of the western Brooks Range, the contact between the Misheguk Mountain
allochthon and the underlying Copter Peak allochthon is marked by pods and zones as much as a
few tens of meters thick of low- to medium-grade, and locally high-grade, amphibolite. These
rocks are schistose to gneissic and display cataclastic textures (Boak and others, 1987). Boak and
others (1987) determined that the protolith for the amphibolite is volcanic and siliceous sedimentary
rocks of the underlying Copter Peak allochthon. The metamorphic rocks have yielded K-Ar ages
of 154 and 153 Ma and 40Ar-39Ar plateau ages of 171 to 163 Ma (Boak and others, 1987; Wirth
and Bird, 1992) and are thought to have been metamorphosed at relatively low pressures
(Zimmerman and Frank, 1982) and at metamorphic temperatures up to 560 «C (Boak and others,
1987).

Tectonic affinity of the Angayucham terrane

Rocks of the Angayucham terrane were originally thought to compose a dismembered ophiolite
(Tailleur, 1973b; Patton and others, 1977), but Roeder and Mull (1978) and Mayfield and others
(1988) have shown that the structurally higher gabbroic and ultramafic assemblage is distinct from
the underlying volcanic and diabase assemblage. Evidence indicating that these units are not
cogenetic include the following: (1) the volcanic and diabase assemblage ranges from Late
Devonian to Early Jurassic, whereas the gabbroic and ultramafic assemblage yields isotopic ages
suggesting crystallization during the Middle Jurassic; and (2) trace-element geochemistry of the
volcanic and diabase assemblage indicates that it is composed largely of oceanic-plateau and
seamount basalts (Moore, 1987b; Wirth and others, 1987; Barker and others, 1988; Pallister and
others, 1989), whereas petrochemical data from the Misheguk Mountain allochthon suggest that it
has an island-arc affinity (Harris, 1988). Most workers agree that the gabbroic and ultramafic
rocks of the Kanuti panel and Misheguk Mountain allochthon may represent an incomplete
ophiolite, but the age span of volcanic rocks and diabase in the Narvak panel and Copter Peak
allochthon is much longer than that of known ophiolites; therefore, the volcanic rocks and diabase
more likely represent an accreted assemblage of basaltic seamounts (Barker and others, 1988;
Pallister and others, 1989). The dynamothermally metamorphosed rocks along the contact
between the upper and lower assemblages were interpreted by Zimmerman and Frank (1982) and
Boak and others (1987) as metamorphic aureoles that developed under the ultramafic rocks of the
higher gabbroic and ultramafic assemblage during thrust emplacement. Metamorphism of the
aureole rocks at relatively high temperatures and low pressures suggests that the ophiolite was
obducted as a young, hot body in Middle Jurassic time, within 20 m.y. of crystallization
(Zimmerman and Frank, 1982; Harris, 1988; Wirth and Bird, 1992).

The Copter Peak allochthen rests structurally on Valanginian (Lower Cretaceous) and older
sedimentary rocks of the De Long Mountains and Endicott Mountains subterranes (Curtis and
others, 1984; Ellersieck and others, 1984; Mull and others, in press). Sedimentary debris derived
from the Copter Peak and Misheguk Mountain allochthons is present in Jurassic and Neocomian
(Lower Cretaceous) foredeep deposits of the Okpikruak Formation (Mull, 198S5; Crane, 1987).
These data indicate that the upper ophiolitic assemblage was emplaced onto the lower volcanic and
diabase assemblage during the Jurassic, but emplacement of both assemblages onto the Arctic
Alaska terrane was not completed until after Valanginian time (Boak and others, 1987; Mayfield
and others, 1988). Final emplacement of some or all of the Angayucham terrane may have
involved normal faulting along south-dipping detachment faults in the southern Brooks Range and
along north-dipping faults in the northern Brooks Range (Miller, 1987; Gottschalk and Oldow,
1988; Harris, 1988).

The structurally lower Narvak panel and the Copter Peak allochthon have been interpreted by
many workers to be an imbricated assemblage of mainly oceanic plateau and island basalts possibly
assembled in the forearc region of an oceanic subduction zone (Box, 1985; Patton and Box, 1989;
Barker, 1988; Pallister and others, 1987, Grantz and others, 1991). Based on its geologic setting,
geochemistry, sedimentary debris in the syntectonic Okpikruak Formation (Mayfield and others,
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1978), and the local presence of potassium-feldspar-bearing intrusive units, on the other hand, the
Kanuti thrust panel and Misheguk Mountain allochthon may represent the subcrustal portions of an
ophiolite that once lay beneath a contemporaneous volcanic arc. The two allochthonous sequences
may therefore represent contiguous forearc elements of a mid-Mesozoic intraoceanic arc-trench
system that were assembled in the Middle Jurassic and later emplaced together onto the Arctic-
Alaska terrane during the Early Cretaceous (Box, 1985). The Misheguk Mountain allochthon is
unusual for Cordilleran ophiolites in that (1) it rests structurally above continental sedimentary
rocks of the Arctic Alaska terrane rather than above graywacke flysch; and (2) its basal contact is
marked by narrow zones of amphibolite rather than blueschist facies metamorphic rocks. These
features instead suggest an affinity with ophiolites of the Mediterranean realm (Coleman, 1984).

STRUCTURAL GEOLOGY OF NORTHERN ALASKA

The northern and southern regions of northern Alaska have distinct structural characteristics.
The northern region, encompassing most of the North Slope and continental shelf, is dominated by
structures related to the Jurassic and Early Cretaceous rifting that formed the northern continental
margin of Alaska. This rifting separated northern Alaska from a continent to the north, producing
a structural high, the Barrow arch, that has played a continuing role in the structural and
depositional history of the region. The northern flank of the Barrow arch has been dominated by
passive-margin subsidence and sedimentation since formation of the continental margin in the Early
Cretaceous (Grantz and May, 1983). The southern limb of the Barrow arch served as the
continental foreland and the northern flank of the foredeep for the Brooks Range orogen to the
south.

The southern region encompasses the Brooks Range, a major orogenic belt of more than
1,000 km long and as much as 300 km wide. Like most orogens, the Brooks Range is an
elongate belt that displays asymmetry both in the distribution and character of its major structural
elements and in the dominant direction of tectonic transport. Throughout most of its extent, the
Brooks Range displays east-striking, north-transported structures. The deepest structural levels
are exposed mainly to the south, in the internal part of the orogen, and are characterized by older
rocks overprinted by metamorphism and ductile deformation. A fold-and-thrust belt has developed
to the north in the external part of the orogen in mostly younger and unmetamorphosed,
dominantly sedimentary rocks. The southern part of this fold-and-thrust belt consists of shortened
pre-orogenic rocks, whereas its northern part includes deformed synorogenic foredeep strata. In
the youngest part of the orogen to the east, the deformational front of the Brooks Range has
migrated northward to the modern continental margin.

Although it displays many characteristics common to mountain belts throughout the world, the
Brooks Range is unusual in a number of respects. Extensive preservation of the highest structural
levels of the orogen (that is, the Angayucham terrane) and early synorogenic deep-marine
sedimentation (Okpikruak Formation) indicate that structural relief was relatively low during the
period of greatest contraction in the orogen. Unlike most other parts of the circum-Pacific region,
Tethyan-type ophiolites (Coleman, 1984) are present in the Brooks Range (Kanuti panel and
Misheguk Mountain allochthon of the Angayucham terrane), forming its structurally highest
preserved elements. Further, relatively high P/ low T metamorphic rocks are exposed over large
areas in the internal parts of the orogen, and relatively lower P/ higher T metamorphism that
overprinted these rocks did not reach particularly high temperatures nor is there evidence for
synorogenic to post-orogenic magmatism. In most continental orogens, deformation proceeds
over time toward the interior of the continent, whereas in the Brooks Range, deformation has
migrated toward what is now the northern continental margin of Alaska. Major low-angle normal
faulting along the south flank and elsewhere in the Brooks Range suggests that tectonic extension
has played a major role in the unroofing and uplift of the internal part of the orogen.

For purposes of description, northern Alaska is here divided into six major structural provinces:
the southern Brooks Range, the northern Brooks Range, the foothills, the Lisburne Peninsula, the
northeastern Brooks Range, and the North Slope (fig. 29). These provinces are defined by their
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mapping, extended it along much of the central Brooks Range. Grantz and others (1991),
however, interpreted the Table Mountain thrust as a local out-of-sequence thrust fault that
developed across an earlier, north-dipping thrust fault between the two subterranes.

The contact between the Hammond and Coldfoot subterranes is an important structural
lineament (for example, in the Schwatka Mountains, the "Walker Lake lineament" of Fritts and
others, 1971) that has been variously interpreted as a change in depositional facies, an
unconformity, a metamorphic boundary, and a folded thrust fault. Oldow and others (1987d) and
Till and others (1988) consider this boundary a north-dipping thrust fault, although the nature of
this contact is commonly ambiguous in the field. Oldow and others (1987d) suggested that the
Coldfoot subterrane was deformed by ductile shear during high-pressure (> 8 kb) metamorphism
in a crustal-scale, north-vergent duplex that was bounded above by a décollement. Above the
décollement, which acted as the roof thrust of the duplex, rocks of the Hammond subterrane were
imbricated under lower pressure (< 5-6 kb) conditions. Later, the décollement was breached by
younger thrust faults, and Coldfoot subterrane rocks were thrust northward to a higher structural
level onto rocks of the Hammond subterrane. Thus, the present contact between the Hammond
and Coldfoot subterranes may be a compound structure that includes both north- and south-dipping
thrust faults. Till (1988), in contrast, noted differences in K-Ar cooling ages and metamorphic
assemblages between the Hammond and Coldfoot subterranes and, as a result, suggested that the
contact is a major thrust system along which earlier metamorphosed rocks of the Coldfoot
subterrane were uplifted and emplaced northward onto the Hammond subterrane while the latter
rocks were still undergoing metamorphism.

Slate Creek and Venetie subterranes. Although rocks of the south-dipping Slate Creek
subterrane are polydeformed, they display only a single lower greenschist-facies metamorphic
overprint, in contrast with the higher grade, polymetamorphosed rocks of the Coldfoot subterrane
to the north (Hitzman and others, 1986; Dillon, 1989; Karl and others, 1989). Because cleavage in
the Slate Creek subterrane is similar in appearance and orientation to the latest cleavage in the
underlying Coldfoot subterrane, Dillon (1989) suggested that the two cleavages formed during the
same metamorphic event. Gottschalk (1987) likewise reported that the Slate Creek subterrane
displays several generations of north-vergent folds that correspond to those of the Coldfoot
subterrane to the north. Miller and others (1990), however, reported down-to-the-south sense-of-
shear indicators in the Slate Creek subterrane and interpreted the pervasive south-dipping fabric as
ductile deformation due to regional extension in mid-Cretaceous time.

Hitzman and others (1982) interpreted the contact between the Coldfoot and Slate Creek
subterranes in the Ambler River quadrangle as lithologically gradational, but representing an abrupt
southward decrease in metamorphic grade. Elsewhere, however, the contact is a moderately
south-dipping fault (Mull and others, 1987c; Oldow and others, 1987d; Dillon, 1989; Grantz and
others, 1991) marked by a significant decrease in metamorphic grade from the footwall to the
hangingwall. According to Dillon (1989), this fault is marked by a mylonite zone and is the
structurally lowest of three parallel strands of what he calls the " Angayucham thrust system". The
middle strand separates two major thrust panels within the Slate Creek subterrane (an upper
metagraywacke panel and a lower phyllite panel), and is marked by a zone of broken formation.
The upper strand is represented by melange separating the Slate Creek subterrane from the
structurally overlying Angayucham terrane.

Greenstone belt of the Angayucham terrane. The Angayucham terrane dips gently to
moderately southward, and its base is defined by a complex fault zone, commonly a unit of
mélange (Pallister and Carlson, 1988; Dillon, 1989). Rocks of the Angayucham terrane are
metamorphosed to prehnite-pumpellyite and greenschist facies but lack the penetrative, north-
vergent structures characteristic of rocks structurally beneath them to the north (Hitzman and
others, 1986; Dillon, 1989). However, the Angayucham terrane displays complex internal
imbrication (Jones and others, 1988; Pallister and Carlson, 1988; Dillon, 1989; Pallister and
others, 1989). For instance, Pallister and others (1989) described multiple 1-km-thick fault slabs
of mostly basalt, as well as a complex mélange zone bordering the northern margin of the terrane.
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In addition, detailed biostratigraphic studies have shown that chert units within the terrane are
highly imbricated (Jones and others, 1988; Dillon, 1989).

Timing of early Brookian deformation in the southern Brooks Range province.
Major early Brookian north-vergent deformation and associated metamorphism occurred within the
southern Brooks Range during Late Jurassic to Early Cretaceous time (Hitzman and others, 1986;
Dillon, 1989). Metamorphism and associated penetrative structures (S and S3) overprint rocks at
least as young as Upper Devonian in the Hammond and Coldfoot subterranes and at least as young
as Triassic in the North Slope subterrane in the Doonerak window (Dillon, 1989). Late
metamorphism and penetrative structures (S3) overprint the Slate Creek subterrane, which includes

rocks at least as young as Devonian (Oldow and others, 1987c, Dillon, 1989). Faults of the
Angayucham thrust system cut rocks as young as lower Jurassic in the southern portion of the
Angayucham terrane (Dillon, 1989). It should be noted, however, that at least some of these faults
may have formed originally or been reactivated as normal faults after the major early Brookian
phase of thrusting (Carlson, 1985; Box, 1987; Miller, 1987; Oldow and others, 1987a,b,c).

Major thrust displacements predate the onset of Albian to Cenomanian marine to non-marine
deposition in the Koyukuk basin (Fig. 30). This is indicated because these deposits
unconformably overlie rocks of the southern portion of the Angayucham terrane and faults which
cut it (Patton and others, 1977; Dillon and Smiley, 1984; Dillon, 1989). In addition, Dillon (1989)
suggested that upward changes in clast composition within these deposits reflect progressive
unroofing of deeper thrust sheets within the southern Brooks Range structural province.

Brookian metamorphism

The regional metamorphic mineral assemblages that characterize the southern Brooks Range
structural province developed during the Brookian orogeny. The earliest formed are the
blueschist-facies assemblages, preserved locally in the Coldfoot and Hammond subterranes in the
Baird Mountains, Ambler River, Survey Pass, and Wiseman quadrangles (Turner and others,
1979; Nelson and Grybeck, 1981; Armstrong and others, 1986; Hitzman and others, 1986; Dusel-
Bacon and others, 1989). Elsewhere, early blueschist-facies metamorphism is shown by
pseudomorphs of glaucophane and pseudomorphs after lawsonite in garnet (Gottschalk, 1987,
1990; Till and others, 1988). Till (1988) reported that high-P/low-T assemblages of the Coldfoot
subterrane consist of early lawsonite-bearing and later epidote-bearing blueschist-facies
assemblages, whereas the Hammond subterrane preserves crossite-bearing assemblages that are
associated with greenschist-facies assemblages.

Throughout much of the province, the earlier high-P/low-T assemblages are overprinted by
pervasive retrograde chlorite-zone greenschist-facies assemblages. The retrogradation represents a
nearly isothermal drop in pressure during metamorphism (Hitzman and others, 1986). In the Baird
Mountains quadrangle, the chlorite-zone retrograde assemblage is modified by late development of
randomly oriented biotite at the expense of chlorite, which suggests that late prograde
greenschist-facies metamorphism was caused by an increase in temperature (Zayatz, 1987).

Estimates of the maximum temperature and pressure attained during metamorphism in the

province are in the range of 400-500 *°C and 6-11 kb (Hitzman and others, 1986; Gottschalk and
Oldow, 1988). Metamorphic zones extend over a distance of about 5 km from pumpellyite-
actinolite facies in the Angayucham terrane to blueschist facies in the Coldfoot subterrane. These
data suggest that peak metamorphism of the Coldfoot subterrane occurred at depths of more than
25 km, whereas metamorphism of the Angayucham terrane occurred above 10 km. Dusel-Bacon
and others (1989) concluded that Brookian metamorphism of the Coldfoot subterrane followed a
clockwise pressure-temperature path that evolved from low- to high-temperature subfacies of the
blueschist facies followed by greenschist facies.

Although isotopic dating of the prograde high P/low T assemblages has proved to be a
formidable problem because of the polymetamorphic history of the host rocks, the age of high
P/low T metamorphism is generally regarded as Late Jurassic to Early Cretaceous (Armstrong and
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others, 1986; Hitzman and others, 1986). Recently obtained 40Ar-39Ar loss spectra for white
mica in a glaucophane schist indicate a minimum age of 149 Ma for high P/low T metamorphism
(A. B. Till, oral commun., 1992). The high P/low T metamorphism is commonly interpreted to
have been caused by southward subduction of the Arctic Alaska terrane beneath the Angayucham
terrane, whereas the later greenschist-facies metamorphism was probably due to later thermal
recovery and decreasing pressure that were associated with uplift and unroofing of the Brooks
Range orogen later in Cretaceous time (Dusel-Bacon and others, 1989).

Late Brookian structures

The onset of late Brookian deformation in the southern Brooks Range structural province is
difficult to constrain because late Brookian deformation is defined on the basis of stratigraphic
relations not present in metamorphic rocks of the southern province. In the northern foothills of
the Brooks Range, early Brookian structures are unconformably truncated by Aptian and Albian
foredeep deposits; therefore, we consider Aptian and younger structural features in the Brooks
Range part of late Brookian deformation. This timing corresponds roughly with the change from
prograde to retrograde metamorphism. Late Brookian structures include uplift and late folding of
the southern Brooks Range, extension and strike-slip faulting along its southern margin, and east-
vergent deformation in part of the range.

Uplift of the southern Brooks Range. Potassium-argon and 39Ar-40Ar cooling ages of
metamorphic minerals suggest that a major uplift and unroofing event occurred in the southern
Brooks Range between 130 and 90 Ma and culminated at about 120 to100 Ma (Turner and
others, 1979; Mull, 1982; Dillon, 1989; Blythe and others, 1990). Till (1988) reported that K-Ar
cooling ages are 100-86 Ma for the Hammond subterrane and 130-100 Ma for the Coldfoot
subterrane and concluded that uplift may have occurred somewhat earlier in the southern part of the
southern Brooks Range province. This major uplift event was probably the result of 1) isostatic
rebound following crustal thickening during early Brookian large-displacement thrust faulting, 2)
continued shortening during late Brookian orogenesis, and 3) tectonic denudation resulting from
crustal extension. Previously, uplift in the core of the range was assumed to be the result of
isostatic rebound or south-vergent folding and thrusting, and denudation was thought to be caused
primarily by erosion during uplift (Mull, 1982, 1985; Dillon, 1989). North-vergent late Brookian
shortening probably has also contributed to the exposure of deeper structural levels in the southern
Brooks Range. This is best documented for the Doonerak window, where uplift has been
attributed largely to shortening and structural thickening of rocks of the North Slope subterrane in a
north-vergent duplex beneath the structurally overlying Endicott Mountains and Hammond
subterranes (Oldow and others, 1987c). Recent work also suggests that a genetic relationship is
likely between extension and uplift in the core of the range (Oldow and others, 1987a,b,c),
although it is not yet clear whether extension was the cause or the consequence of uplift.

Extension in the southern Brooks Range. South-dipping faults, mylonite, and
phyllonite in, and at the base of, the Slate Creek subterrane and the southern foothills belt of the
Angayucham terrane have been interpreted as thrust faults by most workers (for example,
Angayucham thrust system of Dillon, 1989; pl. 1). However, apparent younger-over-older
relations, the abrupt upward decrease in metamorphic grade across some of the faults, and sense-
of-shear indicators have led a number of workers (Carlson, 1985; Box, 1987; Miller, 1987; Oldow
and others, 1987a, c, d; Gottschalk and Oldow, 1988; Miller and others, 1990) to propose the
existence of major south-dipping, low-angle normal faults along the southern margin of the Brooks
Range. Gottschalk and Oldow (1988) described structures in the Wiseman quadrangle consistent
with normal faulting and documented petrologic evidence for the omission of at least 10 km of
structural section. Box (1987) and Miller and others (1990) reported that kinematic indicators
support down-to-the-south displacement on gently south-dipping faults in the Ambler and
Wiseman quadrangles. Miller and others (1990) interpreted the mid-Cretaceous sedimentary
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deposits of the Koyukuk basin as detritus derived from the footwall and deposited on the hanging
wall of a regional south-dipping normal fault.

Despite the possibility that the Angayucham terrane and the Slate Creck subterrane may now be
underlain by normal faults, most workers agree that the Angayucham terrane and the Slate Creek
subterrane were originally emplaced on north-vergent thrust faults. Subsequent extensional
deformation is related to mid-Cretaceous uplift of the southern Brooks Range and filling of the
Koyukuk basin, but extensional structures involve rocks as young as Late Cretaceous (Box,
1987), which indicates that the extension may have continued into Late Cretaceous or Tertiary time
(Gottschalk and Oldow, 1988). It is unclear whether normal faulting occurred along pre-existing
or newly formed fault surfaces, whether it was brittle or ductile, and whether it occurred as a
consequence of deformation in a contractional orogen or in association with a regional episode of
extension.

If major extension has occurred along the south flank of the Brooks Range, a number of major
tectonic problems in the Brooks Range may be resolved. Extension would have caused rapid
tectonic denudation of the now most highly uplifted portion of the Brooks Range, the Hammond
and Coldfoot subterranes. Denudation and associated uplift could account for both the local
preservation of high P/T metamorphic assemblages, and their widespread overprinting by lower
P/T metamorphism. Tectonic denudation could also account for the large amount of structural
section missing above the metamorphic rocks of the core of the range, as indicated by the abrupt
upward and southward decrease in metamorphic grade across some faults on the southern flank of
the range. Major extension could also help explain the apparent absence of stratigraphic basement
for many of the allochthons of the northern Brooks Range structural province. The missing
structural section may have been displaced down and southward beneath the Yukon-Koyukuk
basin during extensional faulting. The extension could account for the origin of theKoyukuk basin
filled with mid-Cretaceous sedimentary detritus that was shed southward into the hinterland of the
Brooks Range orogen and for the structurally low position of the structurally highest elements of
})he Brooks Range (i.e., the Angayucham terrane) beneath the sedimentary rocks of the Koyukuk

asin.

South-vergent structures in the Hammond and Coldfoot subterranes. Structural
vergence in the southern Brooks Range province is most commonly to the north, but relatively late
south-vergent structures are widespread, particularly in the southern part of the Hammond and
Coldfoot subterranes. Penetrative south-vergent small folds and crenulation cleavage have been
described by Seidensticker and others (1987) and are interpreted to have formed during dominantly
northward tectonic transport. Larger south-vergent structures have been recognized in the southern
part of the range (Fig. 30). The most common south-vergent structures are folds (Mull, 1977;
Hitzman and others, 1986), but south-vergent thrust faults have been recognized locally (Nelson
and Grybeck, 1980). The cause of this south-vergent deformation has been variously attributed to
a shift from southward to incipient northward subduction (Mull, 1977), vertical uplift due to
isostatic rebound (Mull, 1982), or formation of structures which are conjugate to the dominant
gently south-dipping, north-vergent structures (Seidensticker and others, 1987). The age of the
south-vergent structures is poorly constrained except that they post-date early Brookian north-
vergent structures and thus formed during or after major uplift in the southern Brooks Range.
Similar late and antithetic structures are common in the hinterland portions of many orogenic belts
in the world.

Folding in the southern Brooks Range. Post-metamorphic broad, upright open folds
have been superimposed over early Brookian structures in the southern Brooks Range (Hitzman
and others, 1986; Dillon, 1989). These folds are typically doubly plunging, are symmetric to
slightly asymmetric, and have wavelengths in the tens of kilometers. They trend east-northeast in
the vicinity of the Dalton Highway (Dillon, 1989) but gradually change westward to a west-
northwest orientation in the Ambler River quadrangle (Hitzman and others, 1986). This generation
of folds accounts for many of the most conspicuous map-scale folds within the southern Brooks
Range, including the Cosmos arch (Hitzman and others, 1986), the Mt. Doonerak anticlinorium
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(Dillon, 1989), and the Mt Angayukagsraq anticlinorium (Till and others, 1988), and may also
account for regional arching of the Coldfoot subterrane (for example, Kalurivik arch of Hitzman
and others, 1982). Although these folds generally cannot be demonstrably related to faults
exposed at the surface, they probably are related to shortening above faults at depth. This can be
best demonstrated for the Mt. Doonerak and Mt. Angayukaqsraq anticlinoria, both of which
formed above an anticlinal stack of horses in a duplex (Oldow and others, 1987d; Till and others,
1988). The time of construction of the Mt. Angayukagsraq anticlinorium is uncertain, but the Mt.
Doonerak anticlinorium may have been constructed by thrusting related to shortening in the
northeastern Brooks Range in the Late Cretaceous or Tertiary (Oldow and Avé Lallemant, 1989;
Grantz and others, 1991). The Cosmos arch may also be a relatively late structural feature, as
evidenced by deformed Upper Cretaceous rocks and antecedent drainages that cross the arch.

Early Brookian folds, faults, and penetrative structures have been overprinted by this generation
of structures (Dillon, 1989). Albian clastic deposits along the southern flank of the Brooks Range
display upright to north-overturned folds of this generation (Dillon, 1989). Gently dipping faults
beneath Cretaceous clastic rocks in the Ambler district are considered to be thrust faults by Hitzman
and others (1982) presumably belong to this generation of structures, though younger-over-older
relationships across many of these faults suggests the possibility that they may be low-angle
normal faults. No upper limit on the age of late folding has been established in the southern
Brooks Range.

Strike-slip faults along the southern flank of the Brooks Range. Some east-
striking high-angle faults with down-to-the-south and probable right-lateral strike-slip
displacements have been observed or inferred in the southern Brooks Range and the adjacent
Koyukuk basin (Dillon, 1989) (fig. 30). The Kobuk fault (Grantz, 1966), which lies
immediately south of the Brooks Range within Cretaceous deposits of the Koyukuk basin, was
inferred to underlie a topographic depression occupied for much of its length by the Kobuk River.
To the east, it merges with the Malamute fault to form the Malamute-South Fork fault system
(Dillon, 1989). This fault system cuts Cretaceous deposits of the Koyukuk basin and rocks of the
southern foothills belt of the Angayucham terrane and juxtaposes the Brooks Range and Ruby
geanticline. The Malamute fault is a more northerly strand of the Kobuk fault system that cuts
rocks of the Angayucham terrane and the Slate Creek subterrane. Both the Malamute and South
Fork faults are locally exposed as narrow zones of unrecrystallized, brittlely deformed rocks,
commonly including breccia, gouge, and slickensides, and are marked by prominent steps in
magnetic and gravity intensity.

Dillon (1989) suggested that large-magnitude, right-lateral strike-slip displacement has occurred
along the Malamute-South Fork fault system. In one place, strands of the Angayucham thrust
system show 40 km right-separation across the Malamute fault. In another, hornfelsed phyllite
within the Malamute-South Fork fault system is separated to the right 90 km from its probable
source, a Cretaceous pluton north of the Malamute fault. Considerably greater right-lateral
displacement is required if the pluton is offset from the nearest Cretaceous pluton south of the
South Fork fault, in the Ruby geanticline. Although the Malamute-South Fork fault system is
broadly concordant with regional trends in the Brooks Range, it sharply truncates northeast-
striking lithologic and structural trends within the Ruby geanticline to the south (Decker and Dillon,
1984; Coney and Jones, 1985; Dillon, 1989), suggesting that larger amounts of separation are
possible. Grantz (1966) and Dillon (1989) suggested that the Kobuk and Malamute-South Fork
fault systems may represent a westward continuation of the Tintina fault system, which was offset
by right-lateral displacement on an inferred extension of the northeast-trending Kaltag fault system
of western Alaska. The youngest rocks cut by right-lateral faults in the southern Brooks Range are
Albian to Cenomanian clastic deposits of the Koyukuk basin which are cut by the Malamute-South
Fork fault system. Dillon (1989) suggested that abrupt facies changes parallel to the fault system
and chaotic mass-flow deposits indicate that deposition may have been synchronous with faulting.

Down-to-the-south apparent offset is characteristic both of the Kobuk and Malamute-South Fork
fault systems and the other minor faults to the north, suggesting that a component of normal dip-
slip displacement. Box (1987) suggested that right-lateral displacement on the Kobuk fault system
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and extension in the southern Brooks Range may reflect a single transtensional event. Dillon
(1989), on the other hand, suggested the possibility that post-metamorphic broad folds, regional
uplift, and right-lateral strike-slip displacement on the Kobuk and Malamute-South Fork fault
system may reflect a single transpressive event.

A major northeast-striking lineament, called the Porcupine lineament by Grantz (1966),
parallels the Porcupine River southeast of the Brooks Range (fig. 30). Exposures in this area are
poor, but deformed rocks at least as young as Triassic are exposed over a broad area, along with
overlying undeformed Miocene basalt (Plumley and Vance, 1988; Oldow and Avé Lallemant,
1989). Although no displacement of geologic features has been demonstrated across the Porcupine
lineament, it separates rocks of northern Alaska from those of eastcentral Alaska and is widely
thought to represent a regionally important strike-slip fault. Most workers have inferred a
Cretaceous (post-Neocomian) age for the postulated fault but differ over the amount and direction
of relative movement along the structure. Some have speculated that it represents as much as
2,000 km of left slip (Dutro, 1981; Nilsen, 1981), whereas others have proposed 150-200 km of
right slip (Churkin and Trexler, 1980, 1981; Jones, 1980, 1982b; Norris and Yorath, 1981;
McWhae, 1986; Dillon, 1989), and at least one worker (Smith, 1987) suggested movement in both
directions.

East-vergent deformation in the southwestern Brooks Range. The east-striking
structures that dominate most of the Brooks Range give way to northeast- to north-striking
structures in the southwestern Brooks Range (fig. 30). This change in structural trend has been
interpreted to represent an oroclinal bend of originally east-striking structures (Patton and Tailleur,
1977). However, on the basis of work in the Baird Mountains, Karl and Long (1987, 1990),
suggested that the northeast- to north-striking structures have been superimposed over older east-
striking structures. The younger structures consist of east-vergent folds and thrusts that decrease
in intensity eastward but may extend as far east as the Dalton Highway (Gottschalk, 1990).
Although the age of overprinting is uncertain in the Baird Mountains, it seems likely that this
%eformatio}t;n was related to east- to northeast-directed deformation along the Tigara uplift and

erald arch.

Northern Brooks Range Structural Province

The northern Brooks Range structural province (fig. 29), containing much of the preserved
superstructure of the main axis of the Brooks Range orogen, is a gently north-sloping structural
plateau between the structurally higher southern Brooks Range province to the south and the
structurally lower foothills province to the north (pl. 1). It consists of the Endicott Mountains, De
Long Mountains, and Sheenjek subterranes of the Arctic-Alaska terrane, the southern, highly
deformed part of the North Slope subterrane, and the northern belt of klippe of the Angayucham
terrane. It is characterized by a stack of extensive, far-traveled, but internally deformed thrust
packages defined by distinctive sequences of stratified Upper Devonian to Lower Cretaceous
rocks. Rocks are generally younger to the north (the "regional north dip" of Mull, 1982), but dip
of bedding and thrust faults varies within the province. Throughout most of the northern Brooks
Range province, dominantly north-vergent fold-and-thrust structures are spectacularly exposed;
however, the rocks are only locally metamorphosed and penetratively deformed. All recognized
structures in the province can be ascribed to Brookian orogenic events, although the presence of
extensional faults of Devonian to Mississippian and Cretaceous age may be inferred from regional
stratigraphic patterns and local structural features.

For the most part, the boundary between the southern and northern Brooks Range provinces is a
thrust fault dipping beneath the structurally higher northern Brooks Range province. To the north
and west, on the other hand, the province is bounded over much of its length by the foothills
structural province, a relative structural low containing deformed foredeep deposits derived from
the orogen itself. The boundary is defined by depositional overlap by the mid-Cretaceous and
younger foredeep deposits, though this depositional boundary has been modified by late Brookian
deformation in many places. To the northeast, the province is bounded by the northeastern Brooks
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Range structural province, which was deformed and uplifted late in the tectonic evolution of the
region, after early Brookian major shortening in the northern Brooks Range structural province.
This boundary is a zone of transition between the structural styles characteristic of the two
provinces.

Allochthons and significance of the Mt. Doonerak fenster

The northern Brooks Range structural province is characterized by generally coeval, but
distinctive, stratigraphic sequences that are structurally stacked in predictable succession over large
areas. This observation, first recognized by Tailleur and others (1966), has led to the
interpretation that the various stratigraphic sequences constitute regionally extensive thrust
packages, or allochthons, stacked one on top of another (Martin, 1970; Ellersieck and others,
1979; Mull, 1982; Mayfield and others, 1988). On the basis of successions exposed in structural
windows in the northwestern Brooks Range (Picnic Creek, Drinkwater, Ginny, and Cutaway
fensters, figs. 26 and 30), seven allochthonous sequences have been recognized (fig. 26). From
base to top, these are (1) the Endicott Mountains (or Brooks Range) allochthon; (2) the Picnic
Creek allochthon; (3) the Kelly River allochthon; (4) the Ipnavik River allochthon; (5) the Nuka
Ridge allochthon; (6) the Copter Peak allochthon; and (7) the Misheguk Mountain allochthon. As
described in earlier parts of this paper, the rocks of the structurally lowest five allochthons belong
to the Arctic Alaska terrane and are assigned to the Endicott Mountains subterrane (Endicott
Mountains allochthon) and De Long Mountains subterrane (Picnic Creek, Kelly River, Ipnavik
River, and Nuka Ridge allochthons). The two structurally highest allochthons, the Copter Peak
and Misheguk Mountain allochthons, constitute the Angayucham terrane in the crestal and
disturbed belts.

Rocks thought to be autochthonous to parautochthonous relative to the above units are those of
the North Slope and the Hammond subterranes. Mississippian to Triassic rocks (lower
Ellesmerian sequence) of the North Slope subterrane structurally underlie the Endicott Mountains
allochthon in the northeastern part of the northern Brooks Range province and in the Mt. Doonerak
fenster along the southern margin of the province (fig. 30, pl. 1). A Mississippian and younger
sequence similar to that of the North Slope subterrane is also exposed discontinuously to the west
in the Hammond subterrane (Schwatka Mountains) (Mull and Tailleur, 1977; Tailleur and others,
1977; Mayfield and others, 1988). The lithology of these Mississippian and younger stratigraphic
sequences differs markedly from the coeval sequence in the structurally overlying Endicott
Mountains allochthon (fig. 27). Thus, the Mississippian and younger rocks exposed south of the
Endicott Mountains allochthon probably underlie the Endicott Mountains allochthon and connect to
the north with the lower Ellesmerian sequence of the North Slope subterrane on the North Slope
and in the northeastern Brooks Range (Dutro and others, 1976; Mull and others, 1987a).
Consequently, most workers agree that the Endicott Mountains and overlying allochthons must be
restored to a position south of these rocks and the pre-Mississippian rocks that depositionally
underlie them (Mull and others, 1987a,c; Oldow and others, 1987d; Mayfield and others, 1988;
Grantz and others, 1991). Mull and others (1987a) suggested a minimum northward displacement
of the Endicott Mountains allochthon of 88 km, the distance from the northernmost exposures of
the allochthon to the southern margin of the Mt. Doonerak fenster. This figure does not account
for shortening within or below the allochthon. Oldow and others (1987d) suggested that the
northern edge of the allochthon has been displaced about 200 km from its original position,
assuming significant shortening within the subjacent North Slope subterrane. Oldow and others
(1987d) also estimated an additional 35-45 percent shortening to account for thrust imbrication and
macroscopic folding within the allochthon.

Much of the southern Brooks Range structural province (for example, Mt. Doonerak fenster and
Schwatka Mountains) and the deformed parts of the North Slope subterrane in the eastern and
northeastern Brooks Range have been referred to as "autochthonous" or "parautochthonous”
because of their stratigraphic affinity to rocks in the subsurface of the North Slope (Mull, 1982;
Mayfield and others, 1988). However, these rocks have been transported northward above thrust
faults, and hence, they are allochthonous in the strict sense (Oldow and others, 1987d; Till and
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others, 1988). They are referred to here as "parautochthonous” to distinguish them clearly from
the more highly displaced allochthonous rocks that structurally overlie them and from the
undisplaced, and hence truly autochthonous, rocks of the North Slope subsurface to which they
appear stratigraphically related.

Early Brookian structures

Although most completely and extensively preserved in the western Brooks Range, all but one
of the allochthons (Kelly River) have been recognized along the length of the Brooks Range nearly
to the Canadian border (fig. 30). The structural stacking of coeval stratigraphic sequences over
such a large area shows that deformation in the northern Brooks Range structural province is
characterized by major shortening and indicates that the rocks of these allochthons are underlain by
thrust faults of large displacement. Direction of tectonic transport, indicated by fold asymmetry
and the tendency of thrust faults to cut stratigraphically upsection, is generally to the north, except
in the westernmost part of the province, where the direction of tectonic transport is less certain.
Most structures related to mapped thrusts probably formed during emplacement of the allochthons
before Albian time, when foreland-basin deposits of the Aptian(?) and Albian Fortress Mountain
Formation to the north unconformably overlapped the allochthons and their associated structures
(Mull, 1982, 1985; Mayfield and others, 1988). The origin of many thrust-related structures,
however, is unclear, and some may have developed in late Brookian time. Emplacement of the
structurally lowest allochthon (Endicott Mountains allochthon) could not have occurred prior to
deposition of its youngest strata in Early Cretaceous (Valanginian) time, but emplacement of the
structurally higher allochthons in the De Long Mountains subterrane may have begun prior to the
Early Cretaceous because foredeep strata of these allochthons are as old as Late Jurassic.

Although widespread, the allochthons commonly are not structurally intact and display internal
folds, thrust faults, and fault-bounded changes in stratigraphic thickness and facies. In the
northwestern Brooks Range, allochthons are laterally discontinuous, and one or more consecutive
allochthons may be missing from the idealized structural sequence at any given location (pl. 1).
Complete structural sequences, consisting of all seven allochthons, occur in only a few places, and
even in many of those places, certain allochthons disappear laterally over distances of only a few
kilometers. These features can be attributed to several factors including (1) variation in original
stratigraphic thickness within individual allochthons; (2) imbrication and development of duplexes
within individual allochthons during thrusting, especially where relatively thin bedding and (or)
alternating competent and incompetent layers characterize all or part of the stratigraphy of an
allochthon; (3) local extension of individual allochthons during thrusting; (4) breaching by out-of-
sequence thrust faults; and (5) displacement along superimposed low-angle normal faults. The
latter possibility is supported by the observation that faults at the base of allochthons locally cut
downward through stratigraphic section to the north, in the inferred direction of tectonic transport
(Roeder and Mull, 1978; Harris, 1988).

Angayucham terrane. Remnants of the Angayucham terrane in the northern Brooks Range
structural province are locally preserved as klippen comprising the Copter Peak and Misheguk
Mountain allochthons. These klippen range up to 150 km along strike and 20 km across strike
(Patton and others, 1977; Roeder and Mull, 1978; Mayfield and others, 1988) and total less than
3 km thick. The thin dynamothermal aureole commonly marking the contact between the Copter
Peak and Misheguk Mountain allochthons (Roeder and Mull, 1978; Boak and others, 1987;
Mayfield and others, 1988), and associated structural fabrics in adjacent parts of both allochthons,
are related to original thrust emplacement of the Misheguk Mountain allochthon over the Copter
Peak allochthon. Discontinuity of the aureoles and faulting of the metamorphic rocks within them
indicate that the contact has been reactivated since its origin, probably along thrust faults that flatten
upward beneath the Misheguk Mountain allochthon and later along down-to-the-north normal
faults (Harris, 1988).
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De Long Mountains subterrane. The structural thickness of the De Long Mountains
subterrane is about 4 km, and constituent allochthons have respective structural thicknesses of no
more than 3 km. These allochthons consist largely of structurally incompetent, thin-bedded rocks
that formed multiple detachment horizons and complex and closely spaced (on the order of tens to
hundreds of meters) folds and thrust faults. The thicker and more competent intervals, especially
carbonate rocks of the Lisburne Group in the Kelly River allochthon, typically formed more
extensive thrust sheets, broader folds, and more widely spaced thrust faults. Asymmetric to
overturned folds in these competent intervals are as much as 1-2 km across. The stratigraphically
lowest detachment horizons within the De Long Mountains subterrane are in fine-grained clastic
rocks of the Endicott Group and older carbonate, or mixed carbonate and clastic, rocks.

Synorogenic deposits of the Okpikruak Formation are thick, incompetent, and relatively
homogeneous. They consist mostly of shale to siltstone with subordinate more competent
sandstone interbeds. Consequently, they are prone to an incoherent, broken-formation style of
deformation, and probably have been structurally thickened in many places. Some of these
deposits are olistostromes, so at least some of the stratal disruption is syndepositional (Mull and
others, 1976). However, a post-depositional deformational overprint probably has affected most
of these rocks.

Endicott Mountains subterrane. The Endicott Mountains subterrane (allochthon) has a
structural thickness of at least 7 km in the central Brooks Range (Oldow and others, 1987d) and
more than 10 km in the western Brooks Range (Mayfield and others, 1988). Itis the
stratigraphically and structurally thickest, most extensive, and most continuous of the allochthons.
In the eastern part of the northern Brooks Range province, the Endicott Mountains allochthon
comprises thick, structurally competent units, such as the Noatak Sandstone, Kanayut
Conglomerate, and carbonate rocks of the Lisburne Group. In the southern part of the province,
the basal detachment of the allochthon is developed in fine-grained clastic rocks of the Beaucoup
Formation and Hunt Fork Shale, which display penetrative, dominantly north-vergent structures.
These rocks acted as a shear zone and display an upward decrease in strain and in number of
generations of small-scale folds (Handschy and Oldow, 1989). To the north in structurally higher
levels of the allochthon, deformation is characterized by imbricate thrust sheets and large single-
generation folds that detached within incompetent fine-grained rocks of the Hunt Fork Shale,
Kayak Shale, and Etivluk Group (Kelley and others, 1985; Handschy and others, 1987b; Kelley
and Bohn, 1988; Handschy and Oldow, 1989). The shorter, steep to overturned limb of anticlines
face north in this area and display a strong sense of asymmetry; locally the folds are recumbent. In
the western part of the province, the Endicott Mountains allochthon is composed largely of
structurally incompetent units, especially the Kuna Formation, Etivluk Group, and Ipewik unit.
Deformation in these rocks is characterized by complex and closely spaced folds and thrust faults;
thus, fault spacing and fold wavelength regionally decreases to the west .

North Slope subterrane. Rocks assigned to the North Slope subterrane structurally
underlie the Endicott Mountains subterrane and make up the eastern part of the northern Brooks
Range structural province. North-vergent, asymmetric to overturned folds, between about 100 to
1,000 m across, are the dominant structural element of these rocks. Thick and competent
carbonate rocks of the Lisburne Group act as the rigid structural unit controlling the geometry of
the folds. The folds, which are relatively closely spaced, are underlain and commonly separated
by thrust faults rooted in the Kayak Shale. These structures probably formed during or after
emplacement of the Endicott Mountains allochthon, but their absolute age is poorly constrained.

Late Brookian structures
Exposures of the allochthons, particularly in the northwestern Brooks Range, are controlled
primarily by folding. Structurally higher allochthons are preserved in broad synforms, and

structurally lower allochthons are exposed in broad antiforms. These structural highs and lows, 15
to 30 km across, are gentle to open folds with gently to moderately dipping limbs. Local
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asymmetry of folds or associated thrust faults indicate tectonic transport to the north (in the western
part of the province, to the northwest). The structures generally trend to the east, although there is
a gradual change to northeast in the western part of the province. Both the anticlines and synclines
tend to be doubly plunging, reflecting structural culminations and depressions along strike. The
same regional pattern of folding affects all the allochthons. This pattern suggests that the folding
occurred mainly after emplacement of the allochthons. As in the southern Brooks Range province,
this style of large-scale folding may be directly related to post-emplacement structural thickening by
duplexing in underlying rocks.

Major features of the northern Brooks Range structural province

The northern Brooks Range structural province displays several major features that are the result
of the accumulation of early and late Brookian deformation. These features are (1) the regional
westward plunge of the orogen, (2) the disturbed belt, and (3) the rangefront of the western and
central Brooks Range.

Regional westward plunge of the orogen. In the northern Brooks Range, progressively
deeper structural levels are exposed from west to east due to regional westward plunge (fig. 30).
The structurally highest rocks, including the Angayucham terrane and De Long Mountains
subterrane, are most extensively preserved in the northwestern Brooks Range. The central part of
the province is underlain by the Endicott Mountains subterrane, indicating a relatively constant
level of structural exposure for about 900 km in an east-west direction. Deformed rocks of the
North Slope subterrane, the structurally lowest subterrane of the Arctic Alaska terrane, underlie the
eastern part of the province. Increasing structural relief to the east probably resulted from greater
depth to detachment but may also have resulted from greater shortening in the east and (or) an
oblique intersection of Brookian structures with regional Paleozoic and Mesozoic sedimentary
facies patterns.

Disturbed belt. The northern part of the northern Brooks Range structural province is
characterized by complex folds and imbricate thrust faults and so is referred to as the "disturbed
belt" (Brosgé and Tailleur, 1970, 1971; Tailleur and Brosgé, 1970) (fig. 2). The disturbed belt
consists of the northern part of the Endicott Mountains allochthon and remnants of other higher
allochthons. Most of the allochthons are relatively thin and discontinuous in this region, probably
because the original northern extent of the far-displaced allochthons roughly corresponds with the
present northern boundary of the northern Brooks Range structural province.

The structural style of this belt has been strongly influenced by the dominance of thin-bedded
and incompetent rock types. Fold wavelengths are short (meters to hundreds of meters) and faults
are closely spaced in the thin-bedded rocks, and buckle folds are common where competent and
incompetent rocks are interbedded. In dominantly incompetent (typically shale-rich) intervals,
deformation produced complex, commonly incoherent, small-scale structures, which are
penetrative in many places. Where relatively thin competent layers make up a small percentage of a
dominantly incompetent interval, broken formation is common. The incompetent intervals
typically include flysch of the Okpikruak Formation that is interleaved with older, more competent
allochthonous rocks. Where overprinted with a strong deformational fabric, it can be difficult to
distinguish tectonically imbricated sections of the Okpikruak Formation from olistostromal units of
the Okpikruak.

The disturbed belt has been mapped eastward across the mountain front and far into the eastern
Brooks Range (Brosgé and Tailleur, 1970, 1971) (fig. 2), where it is a major structural low that
defines the transition between the northern and northeastern Brooks Range structural provinces
(Wallace and Hanks, 1990) (fig. 30). At its easternmost end, the disturbed belt consists entirely of
the Endicott Mountains and North Slope subterranes, with the exception of an isolated klippe in the
Porcupine Lake area (Arctic quadrangle) (figs 30). The klippe, composed of De Long Mountain
subterrane and Angayucham terrane rocks, overlies rocks of the North Slope subterrane,
confirming that, prior to erosion, highly allochthonous rocks once extended into the eastern
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Brooks Range at least as far north as the disturbed belt. To the northeast at Bathtub Ridge
(Demarcation Point quadrangle) (fig. 30), no allochthons are present; rather, autochthonous
Lower Cretaceous deposits of the Colville basin are preserved in a structural low (the Bathtub
syncline), conformably overlying rocks of the North Slope subterrane (Detterman and others,
1975; Reiser and others, 1980).

Range front of the western and central Brooks Range. An abrupt change in
structural relief and elevation at the mountain front of the Brooks Range interrupts the progressive
northward increase in level of structural exposure. The mountain front is most commonly marked
by a sharp, down-to-the-north step of erosion-resistant carbonate rocks of the Lisburne Group.
Where the carbonate rocks are stratigraphically thin or absent, the mountain front is marked by a
step of Kanayut Conglomerate. In simplest terms, the range-front structures typically are down-to-
the-north monoclines, in which the steep (north-dipping) to overturned (south-dipping) beds define
the range front. The geometry of these monoclines suggests that they are underlain by north-
directed thrust faults that generally are not exposed at the mountain front (Vann and others, 1986;
Jamison, 1987). The east-trending range-front monoclines intersect older, presumably early
Brookian, structures at an oblique angle (Crane and Mull, 1987), transect allochthon boundaries,
and locally involve Albian and younger rocks. These observations suggest that the range-front
structures are of late Brookian age.

Foothills Structural Province

The foothills structural province (fig. 29) consists of deposits shed northward from the Brooks
Range into its foredeep, the Colville basin, and later deformed during northward migration of the
Brooks Range orogenic front (Mull, 1985). Deposition of Albian and younger clastic rocks of the
Colville basin postdates the Late Jurassic to Neocomian emplacement of allochthons of the
northern Brooks Range structural province; however, deformation of the clastic rocks indicates that
contraction continued in the western and central Brooks Range to latest Cretaceous or earliest
Tertiary time (Mull, 1985). Structures in the foothills structural province record shortening at least
an order of magnitude less than that in the northern Brooks Range structural province. According
to Kirschner and others (1983), only about 11 km of shortening (10 percent) has occurred in
Brookian deposits of the foothills structural province; similarly, Oldow and others (1987d)
suggested a figure of 15 km on the basis of a balanced cross section through the central Brooks
Range.

The southern boundary of the province is the southern limit of exposure of the stratigraphically
lowest deposits of the Colville basin, the Fortress Mountain and Torok Formations of Albian age.
There is a significant northward decrease in structural complexity across this boundary, in part
because the allochthonous rocks to the south record the effects of large-scale thrust transport that
has not affected the Colville basin deposits. The northern boundary of the province is the northern
limit of structural thickening by thrust faulting and folding.

In vertical section, the foothills structural province is a northward-thinning wedge composed of
deformed foredeep deposits (pl. 1, cross section B-B'). The wedge configuration is in large part
the product of a southward increase in structural thickening, but it also reflects the original gentle
south dip of the northern flank of the Colville basin. North of the deformation front, the top of the
underlying upper Ellesmerian sequence dips about 1° south, as defined on seismic-reflection
profiles by the pebble-shale-unit reflector (Kirschner and others, 1983). South of the deformation
front, the dip of this reflector increases to 3°, probably because of loading by both the Brookian
thrusts and foredeep deposits. Reflectors in the Ellesmerian and subjacent Franklinian sequences
can be traced southward at least as far as, and perhaps south of, the Brooks Range mountain front.
These reflectors show little evidence of shortening over most of their length, but at least some
evidence of thrusting and folding is visible to the south near the range front, despite the poor
quglity) of data in this area (Kirschner and others, 1983; Mull and others, 1987c; Oldow and others,
1987d).
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Outcrop, seismic, and well data indicate that the Torok and Fortress Mountain Formations form
a thick, northward-tapering, shale-rich wedge between the underlying homoclinally south-dipping
upper Ellesmerian sequence and overlying regionally north-dipping deposits of the Nanushuk
Group and younger units (Kirschner and others, 1983; Mull and others, 1987c; Molenaar, 1988).
The Torok Formation is little deformed where it laps northward onto the northern flank of the
Colville basin, but to the south it is imbricated and tectonically thickened, as is the Fortress
Mountain Formation. Thickening in the wedge suggests detachments exist within it and between it
and the underlying relatively little-deformed, gently south-dipping rocks. Deformation within the
wedge developed mainly by a combination of duplexing and detachment folding, though its precise
character is difficult to define due to poor seismic data and lack of distinctive marker horizons. The
sand-rich strata of the overlying Nanushuk Group are structurally more competent than the
underlying shale of the Torok and Fortress Mountain Formations and hence have deformed more
competently. The Nanushuk has been folded into sharp anticlines separated by broad synclines.
The amplitude of the anticlines generally decreases and wavelength increases northward toward the
deformation front. The anticlines typically are asymmetric, with steep limbs to the north, and are
commonly breached by north-directed thrust faults.

In much of the central part of the foothills, a contrast in deformational geometry is marked by a
prominent topographic feature, the Tuktu escarpment (fig. 30), which delineates the southern
limit of the north-dipping, more erosion-resistant sandstones of the Nanushuk Group. In the
lowlands south of the Tuktu escarpment, small-scale, south-vergent folds in the Torok Formation
are compatible with backthrusting near the top of the Torok and at the base of the Nanushuk
Group, as hypothesized by Kelley (1988) in the Chandler Lake quadrangle (his Cobblestone fault).
This geometry suggests that, as typical in a triangle zone (Jones, 1982a), a thickened wedge of
Torok and Fortress Mountain Formations is overlain by a north-dipping, south-directed thrust fault
at the Tuktu escarpment. Structurally lower and to the south, similar backthrusts separate synclinal
remnants of competent sandstones and conglomerate of the Fortress Mountain Formation from
underlying incompetent Okpiruak shale of the disturbed belt (Oldow and others, 1987d; Howell
and others, 1992).

The Colville basin subsided by loading of the Brooks Range allochthons and sediments shed
into the basin. However, analysis of gravity profiles across the Brooks Range and Colville basin
suggests that an additional subsurface load is required to account for the total subsidence of the
trough (Nunn and others, 1987). The nature of this load is unknown, but it may be due to (1)
subduction of down-going lithosphere; (2) thinning of the dense lithospheric mantle beneath the
crust prior to Brookian deformation in the lower plate of the orogen (that is, the southward
continuation of the North Slope subterrane beneath the Brooks Range); and (or) 3) obduction of a
lithospheric block from the south (Angayucham terrane).

Lisburne Peninsula Structural Province

Pre-Cretaceous rocks of the Lisburne Peninsula are separated from coeval rocks of the Brooks
Range proper by about 50 km of Cretaceous foredeep deposits of the Colville basin and display a
northerly structural trend in sharp contrast with the trend of the other structural provinces of
northern Alaska (fig. 30). These pre-Cretaceous and overlying lower Cretaceous deposits are
deformed by west-dipping imbricate thrust faults and associated folds, which characterize the
structural style of the Lisburne Peninsula (Campbell, 1967). The southern part of the thrust front
on the peninsula is marked by Mississippian and Pennsylvanian carbonate rocks of the Lisburne
Group thrust over Neocomian clastic rocks of the Brookian sequence; the northern part exposes a
map-scale fold overturned to the northeast in Mississippian to Neocomian(?) rocks. These
structures constitute an east-vergent fold-and-thrust belt that produced the Tigara uplift (Campbell,
1967), the onshore extension of the Herald arch of the Chukchi Sea (Grantz and others, 1970,
1975, 1981). Progressively older rocks are exposed to the west in the Lisburne Peninsula,
probably reflecting progressively deeper basal detachment to the west.

The age of the Tigara uplift is not precisely constrained. Campbell (1967) and Grantz and
others (1970, 1981) reported that rocks as young as Albian are deformed, but Mull (1985) argued
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that the uplift already existed by Albian time. An Albian or older age for thrusting is inferred from
paleocurrent data and distribution of Albian and younger sedimentary rocks in the Colville basin,
which were deposited from west to east and were derived from a western source in the vicinity of
the present Tigara uplift-Herald arch (Mull, 1985). Minimum age of thrusting is constrained only
by undeformed Tertiary strata of the Hope basin that unconformably overlie the Tigara uplift south
of Point Hope in the Chukchi Sea. This relation suggests that thrusting may be as young as early
Tertiary (Grantz and others, 1981; Grantz and May, 1987). The Tigara uplift-Herald arch may
represent a continuation of the Brooks Range, either formed originally along a different trend or
later oroclinally bent (Patton and Tailleur, 1977). Alternatively, the Tigara uplift-Herald arch may
have been formed in the Late Cretaceous or early Tertiary by tectonic processes unrelated to early
Brookian orogenesis (Grantz and others, 1981).

Northeastern Brooks Range Structural Province

The northeastern Brooks Range structural province (fig. 29) consists the eastern part of the the
Arctic Coastal Plain and a prominent northward-convex arcuate topographic and structural salient,
with respect to the northern Brooks Range structural province (fig. 30). The topographically
highest parts of the Brooks Range are found in the northeastern Brooks Range, and relatively deep
structural levels of the North Slope subterrane are extensively exposed. Consequently, Proterozoic
to lower Paleozoic rocks are widely exposed and display clear evidence of pre-Mississippian and
younger deformational events. In structural style, the province is dominated at the surface by
folding and lacks the closely spaced, large-displacement thrust faults characteristic of the northern
Brooks Range structural province to the south (Mull, 1982; Wallace and Hanks, 1990; Howell
and others, 1992; pl. 1). For this reason, the northern salient of the Brooks Range is thought to
have escaped early Brookian deformation and was instead constructed mainly by late Brookian
deformation, which extended all the way north to the continental margin. Because the salient
represents a younger deformational belt, it is known by the separate term, the Romanzof uplift
(fig. 30).

Pre-Mississippian structures

Pre-Mississippian rocks in the northeastern Brooks Range province display low metamorphic
grades, and semipenetrative to penetrative structures that dip moderately to steeply with respect to
the sub-Mississippian angular unconformity that characterizes the North Slope subterrane. The
pre-Mississippian structures have been thought to have formed during a single Late Devonian to
Early Mississippian event, the Ellesmerian orogeny. However, the presence of an angular
unconformity beneath Middle Devonian strata not affected by the penetrative pre-Mississippian
deformation indicates that major deformation preceded Middle Devonian deposition (Anderson and
Wallace, 1990). Further, east of the international border in the British Mountains, the youngest
strongly deformed pre-Mississippian rocks are Early Silurian argillite (Lane and Cecile, 1989).
This observation, coupled with the presence of undeformed Middle Devonian strata, indicates that
the pre-Mississippian deformation occurred in the Silurian or Early Devonian in the North Slope
subterrane. Polydeformational structures in Proterozoic to lower Paleozoic rocks of the
northeastern Brooks Range suggest that an older deformation also may have affected some of these
rocks (Anderson, 1991).

Geologic mapping by Reiser and others (1971, 1980) showed that faults displacing the pre-
Carboniferous rocks in the northeastern Brooks Range dip mostly south. Reed (1968) and Reiser
and others (1980) considered these faults evidence that structures formed during middle Paleozoic
deformation were north-directed and similar in orientation to younger Brookian structures. Oldow
and others (1987b), however, interpreted these south-dipping faults and minor north-vergent
structures as related to Brookian deformation and concluded from structural data that south-directed
pre-Carboniferous penetrative deformation occurred in the northeastern Brooks Range.
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Late Brookian structures

Although the northeastern Brooks Range province contains a fold-and-thrust belt, abundant
evidence indicates that Brookian structures in the northeastern province were formed by late
Brookian deformation: (1) the province lies north of the northern limit of the early Brookian
allochthons; (2) the axis of the Colville basin strikes eastward into the province; (3) Albian
foredeep deposits within the province have been uplifted and largely eroded, indicating significant
late Brookian deformation (Mull, 1982, 1985); (4) deformed Upper Cretaceous and Paleogene
clastic rocks are locally preserved in the northern margin of the northeastern Brooks Range proper;
(5) Neogene and Quaternary deposits are deformed above a middle Tertiary unconformity on the
coastal plain and continental shelf (Craig and others, 1985; Bruns and others, 1987; Kelley and
Foland, 1987); (6) isotopic-cooling and apatite fission-track ages indicate uplift of the northeastern
Brooks Range at about 60 Ma and uplift of the coastal plain to the north during later Tertiary time
(Dillon and others, 1987b; O'Sullivan, 1988; O'Sullivan and others, 1989); and (7) the province
continues to be seismically active (Grantz and others, 1983a).

Romanzof uplift. The structure of the southern, mountainous part of the northeastern
Brooks Range structural province is characterized by a series of east-trending anticlinoria, about 5-
20 km wide, which expose pre-Mississippian rocks in their cores (pl. 1). These anticlinoria mark
south-dipping horses in a duplex that is bounded by a floor thrust deep within the pre-
Mississippian sequence and a roof thrust in the Mississippian Kayak Shale (Namson and Wallace,
1986; Wallace and Hanks, 1990). Although the overlying younger Mississippian through Triassic
rocks conform to the structure of these anticlinoria, they also display shorter wavelength chevron
folds above a major detachment horizon in the Kayak Shale. These detachment folds are hundreds
of meters wide and do not display a strong or consistent sense of vergence. At structurally higher
levels, detachment horizons occur in the Kingak Shale and in the pebble shale unit. On the basis of
a balanced cross section, Namson and Wallace (1986) estimated that about 40-45 km (27-29
percent) of shortening occurred across the western part of the northeastern Brooks Range structural
province, from its boundary with the northern Brooks Range province north to the range front.

North of the range front of the northeastern Brooks Range, rocks of the Arctic Coastal Plain are
also deformed. Upper Cretaceous to Tertiary foredeep deposits are exposed at the surface and
extend to considerable depth (Bader and Bird, 1986; Bruns and others, 1987; Kelley and Foland,
1987). These rocks define large antiforms that are currently thought to be the most prospective
structures for petroleum exploration in ANWR. Seismic reflection profiles suggest that these
antiforms probably were formed by complex north-vergent imbrication beneath north-dipping roof
thrusts. At deeper structural levels, large, north-tapering wedges are present above south-dipping
thrust faults within pre-Mississippian rocks, similar to the horsesin the pre-Mississippian rocks of
the northeastern Brooks Range.

Offshore from Camden Bay eastward to Canada, Cretaceous and Tertiary clastic rocks have
been deformed into an arcuate belt of folds (Grantz and May, 1983; Craig and others, 1985; Moore
and others, 1985b; Grantz and others, 1987). Within this belt, structural relief and dip decrease
northward toward the deformation front, which at its northernmost extent parallels the modern
continental slope, about 170 km north of the landward limit of the northeastern Brooks Range
structural province. On the coastal plain and offshore to the north, a major Eocene unconformity
separates more highly deformed Paleogene deposits from underlying less deformed deposits. This
unconformity suggests that a major deformational event occurred in Eocene time (Bruns and
others, 1987; Kelley and Foland, 1987). Deformation has continued to the present, as indicated by
exposures of steeply dipping Pliocene beds and offshore Quaternary structures, as well as active
seismicity (Grantz and others, 1983a, 1987; Leiggi, 1987).

Late Cretaceous and Tertiary deformation in the northeastern Brooks Range structural province
was influenced significantly by the Barrow arch and associated Lower Cretaceous unconformity
and northward thinning of pre-Lower Cretaceous strata (Kelley and Foland, 1987; Wallace and
Hanks, 1990). Because uplift of the Barrow arch occurred in Early Cretaceous time and prior to
late Brookian deformation (see “North Slope structural province”, below), the depth to Lower

126



Moore and others: Stratigraphy, structure, and geologic synthesis of northern Alaska OF92-330

Cretaceous and older rocks probably was less in the northeastern Brooks Range province than
anywhere else in the Brooks Range, and it decreased progressively northward toward the crest of
the arch. Furthermore, the thickness of pre-Lower Cretaceous strata decreased northward because
of onlap onto the northern highland that sourced the Ellesmerian sequence and because of erosion
during Early Cretaceous time. Consequently, the late Brookian deformation front prograded
northward onto the northern flank of the Colville basin and southern flank of the Barrow arch and
involved previously deformed lower Proterozoic(?) and Paleozoic rocks near the leading edge of
the mountain belt.

Range front of the northeastern Brooks Range. The range front of the western part of
the northeastern Brooks Range structural province trends northeasterly, diverging sharply from the
easterly trend of the adjacent part of the front in the northern Brooks Range structural province.
This northeast-trending segment is distinguished as the Philip Smith Mountains front
(fig. 30). The range front returns to a generally easterly trend to the northeast, where it is offset
by a local salient defined by a series of east-trending front ranges, including the Sadlerochit and
Shublik Mountains (figs. 2, 30).

The range front of the northeastern Brooks Range province is probably defined by thrust-related
folds, as in the northern Brooks Range province. However, the range front of the northeastern
Brooks Range is younger than that of the northern Brooks Range province, having formed in
response to the Cenozoic deformation that resulted in the Romanzof uplift. The origin of the
arcuate trend of both the northeastern range front and the structures within the northeastern Brooks
Range is uncertain. If tectonic transport was to the north-northwest, as structures in the central
part of the arc suggest, then the northeast-trending Philip Smith Mountains front would mark an
oblique ramp in a subsurface thrust fault (Rattey, 1985; Wallace and Hanks, 1990). Alternatively,
the northeast-trending front may mark a zone of distributed left-lateral displacement that deformed
earlier folds ("Canning displacement zone" of Grantz and May, 1983).

North Slope Structural Province

The North Slope structural province (fig. 29) is characterized by nearly flat-lying strata of
Mississippian and younger age and the absence of structures ascribed to the Brookian orogeny.
Prominent structural features of this province, known from seismic reflection profiles and well
data, are (1) pre-Mississippian structures of poorly known character truncated by a regional sub-
Mississippian unconformity; (2) local basins of Devonian and (or) Mississippian age; and (3)
extensional structures related to formation of the northern continental margin of Alaska, the Barrow
arch, and the regional Lower Cretaceous unconformity.

Pre-Mississippian structures

Structures in pre-Mississippian rocks of the North Slope province are poorly known, although
existing data indicate that these rocks are penetratively deformed, weakly metamorphosed, and
have a general easterly strike. Most of the pre-Mississippian rocks sampled by drill core are
argillites or phyllites; they display slaty cleavage, small-scale isoclinal folds, or small-displacement
faults. Drill cores and dipmeter logs indicate steep dips in the pre-Mississippian rocks, seismic
data show local dipping and folded reflectors, and gravity and magnetic anomalies suggest the
presence of major faults or dipping lithologic contacts. Except for the shallowest parts of the
Barrow arch, there is little contrast in degree of induration between pre-Mississippian and
immediately overlying Mississippian rocks. This observation suggests that the pre-Mississippian
rocks were never buried to depths much greater than their present 3-5 km. However, the
widespread presence of deformed Ordovician and Silurian argillitic rocks suggests that there is a
great thickness of rocks of these ages, probably as a result of tectonic thickening.
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Mississippian basins and faulting

By Mississippian time, following pre-Mississippian deformation, subsidence and deposition
took place in several local basins (Meade, Umiat, Ikpikpuk, Endicott) of the North Slope
subterrane (figs. 10, 12). Seismic records indicate that these basins developed as sags or partly
fault-bounded basins (half-grabens) and are filled with Mississippian and perhaps older strata.
Well and seismic data show that bounding faults in the Endicott basin truncate Mississippian strata;
in the Umiat basin, bounding faults truncate strata possibly as young as Pennsylvanian.
Regionally, the bounding faults have north to northwest strikes and display as much as 700 m of
throw. The origin of the basins has been attributed to extension and subsidence associated with
formation of the passive continental margin of the Arctic Alaska terrane to the south during middle
Paleozoic time (Kirschner and Rycerski, 1988; Grantz and others, 1991). Alternatively, Hubbard
and others (1987) suggested that the basins represent local foredeeps and transtensional pull-apart
basins associated with regional contraction during pre-Mississippian orogenesis.

Mesozoic rifting

A series of Jurassic and Early Cretaceous normal faults lie mostly beneath the continental shelf
and strike subparallel to the northern continental margin of Alaska (Grantz and May, 1983; Craig
and others, 1985; Hubbard and others, 1987). Seismic sequence analysis indicates that faulting
occurred over a span of about 60 m.y. (Bathonian to Aptian) (Hubbard and others, 1987; Grantz
and others, 1990a). An early episode of failed rifting, characterized by faults downthrown to the
south, began in Middle Jurassic time and led to the development of sediment-filled grabens (e.g.,
Dinkum graben) (fig. 30) under the modern Beaufort continental shelf. A later episode of
successful rifting, characterized by faults downthrown to the north, resulted in continental breakup
and opening of the oceanic Canada basin in Early Cretaceous (Hauterivian) time. Faulting and
uplift associated with the continental breakup led to the formation of the north flank of the Barrow
arch and truncation of its upper surface by the regional Lower Cretaceous unconformity, which
developed in the Early Cretaceous (Valanginian to Hauterivian).

Barrow arch. The Barrow arch is a broad, west-northwest-trending structural high that
underlies the coastal area of northern Alaska and separates the Colville basin to the south from the
Canada basin to the north (fig. 30). Flanks of the arch dip generally less than 2°, and its axis
plunges eastward at about a half degree. Atits crest near Barrow, pre-Mississippian rocks are at
depths of only about 700 m, and structural relief across both flanks is about 10 km. Although
recognized as a local structural high by Payne (1955), the full extent of the Barrow arch was first
discussed by Rickwood (1970), who defined its crest by the inflection of dip in Ellesmerian strata.
Recent mapping of the crest of the Barrow arch from seismic data has focused on the inflection of
dip of either the Lower Cretaceous pebble shale unit or the (erosional) structural top of the pre-
Mississippian rocks that form the core of the Barrow arch. The southern flank of this structural
high, with the associated Lower Cretaceous unconformity, forms the primary trap for the Prudhoe
Bay oil field. East of Prudhoe Bay, the crest of inflection defining the Barrow arch plunges
eastward beneath the northern part of the ANWR coastal plain, and not southeastward toward the
Brooks Range as shown by Craig and others (1985, fig. 1) or as described by Mull (1985, p. 19)
on the basis of exposures of the Lower Cretaceous unconformity.

As pointed out by many workers, the Barrow arch did not form as a result of a single
deformational event; instead, it is a composite structural high. For this reason, the Barrow arch
has been called the "Barrow inflection" by Ehm and Tailleur (1985) and the "Beaufort sill" by Mull
(1985) and Mull and others (1987c). The southern flank of the Barrow arch was established by
late Paleozoic as the gently southward-sloping continental margin of the Arctic Alaska terrane, and
its dip was increased in the Early Cretaceous by tectonic and sedimentary loading related to
emplacement of the early Brookian thrust sheets in the Brooks Range. The northern flank was
initially developed as a discontinuous feature associated with failed rifting in the Middle Jurassic.
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It did not become a continuous structural feature, displaying a regional reversal of dip in
Ellesmerian and older strata, until continental breakup and formation of the oceanic Canada basin in
the Early Cretaceous (Hauterivian) . Rift-flank uplift adjacent to the nascent Canada basin resulted
in exposure of the Barrow arch above sea-level an erosion in Valanginian to Albian time,
producing the Lower Cretaceous unconformity. Since Early Cretaceous time, the northern flank of
the Barrow arch has been modified further by development of a thick prism of Cretaceous and
Tertiary passive-margin deposits and continued southward instepping of normal faults in the
Beaufort continental margin. The southern flank has been modified also by tectonic and
sedimentary loading associated with late Brookian tectonism to the south. In the coastal plain
adjacent to the northeastern Brooks Range, these modifying factors have converged, resulting in
subsidence of the Barrow arch to depths exceeding 4 km and overshadowing of the structural high
by late Brookian anticlinoria.

Cenozoic normal faults

Along the mid- to outer continental shelf, large-scale, listric normal faults, down-thrown to the
north, are common (Grantz and May, 1983). These faults are interpreted as growth faults related
to development of rotational megaslumps in Late Cretaceous and Cenozoic strata overlying and
detached from rift-margin structures. Small-displacement normal faults of Cenozoic age with
northwest or uncertain trends are observed in Harrison Bay (Craig and Thrasher, 1982), the
Kuparuk oil field area (Werner, 1987), and in northeastern NPRA.

PALEOGEOGRAPHY AND TECTONIC HISTORY OF NORTHERN ALASKA

In the previous sections, we have described the physical stratigraphy and structure of northern
Alaska and related them to the major tectonic units in the region. In this section, we first discuss
the evidence for post-Devonian linkage of the Arctic Alaska superterranes. We then discuss the
depositional and tectonic implications of these data and use the tectonic units to construct
speculative paleogeographic and tectonic models for northern Alaska. These models are discussed
in chronological order but are considered in relation to the tectonic environment we have inferred
for various intervals of time. Accordingly, the major subjects to be discussed are as follows:

(1) depositional framework of a pre-Devonian continental margin, (2) early to middle Paleozoic
orogenesis, (3) continental breakup along the southern margin of the Arctic Alaska terrane in
Devonian time, (4) depositional framework of the latest Devonian to Jurassic passive continental
margin, (5) Jurassic to Early Cretaceous (early Brookian) orogenesis, (6) origin of the present
northern Alaska continental margin, (7) evolution of the Colville and Koyukuk basins, and

(8) post-Neocomian (late Brookian) tectonism. Finally, we discuss the relation of northern Alaska
to the North America continent and consider the various models for its origin as part of the Arctic
realm.

Evidence of common origin for the Arctic Alaska subterranes

The division of northern Alaska into a series of terranes and subterranes by Jones and others
(1987) allowed the possibility that northern Alaska may be composed of a number of unrelated
crustal fragments. Most workers agree that the Angayucham and Tozitna terranes may be exotic to
northern Alaska because of their possibly oceanic origin, the pelagic character of its associated
sedimentary rocks, and because of its structural position separating the continental Arctic Alaska
subterranes from the Jurassic and Lower Cretaceous island-arc rocks of the Koyukuk terrane to the
south (e.g., Box, 1985; Mull, 1985; Patton and Box, 1989; Mayfield and others, 1988). The
Arctic-Alaska subterranes, on the other hand, display a number of stratigraphic similarities that lead
many workers to consider them as structurally disjunct fragments of the same continental mass, at
least in post-Devonian time. These lines of evidence for stratigraphic linkage of the Arctic-Alaska
subterranes are as follows: (1) the quartz-mica schist assemblage of the Coldfoot subterrane is
lithologically similar to, and may be correlative with schists of probable Proterozoic age in the
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Hammond subterrane based on their similar protolith compositions and absence of a marked
boundary (Hitzman and others, 1986; Dillon, 1989); (2) the North Slope, Hammond, and
Coldfoot subterranes have all been intruded by granitic plutons of similar composition that yield
similar Devonian U-Pb crystallization ages (Dillon and others, 1987b), indicating these subterranes
were linked by Devonian time; (3) the Hammond and Coldfoot subterranes each contain similar
units of metamorphosed felsic volcanic rocks of Devonian age that may be extrusive equivalents of
the Devonian plutons (Dillon and others, 1987b); (4) the lower Paleozoic rocks in both the North
Slope and Hammond subterranes are overlain by a sub-Mississippian unconformity; (5) Upper
Devonian and Lower Mississippian chert-clast-rich siliciclastic strata of the Endicott Group occur
in the North Slope, Endicott Mountains, Hammond, and De Long Mountains (Picnic Creek
allochthon) subterranes. Siliciclastic strata inferred to be related to these strata also compose much
of the Venetie and Coldfoot subterranes (Murphy and Patton, 1988). Dillon and others (1986) also
consider a metapelite units in the quartz-mica-schist assemblage of the Coldfoot subterrane to be
correlative with the Beaucoup Formation and the Hunt Fork Shale of the Endicott Group in the
Endicott Mountains subterrane; (6) black shale of Mississippian age (generally mapped as the
Kayak Shale) occurs in the North Slope, Endicott Mountains, Hammond, Sheenjek, and De Long
Mountains subterranes; (7) Carboniferous platform carbonate rocks of the Lisburne Group
(Carboniferous) occur in the North Slope, Endicott Mountains, Hammond, and De Long
Mountains (Kelly River and Nuka Ridge allochthons) subterranes. Black chert and shale
interpreted to be the basinal equivalent of the platform carbonate of the Lisburne Group occur in the
North Slope (Tupik Formation of the Lisburne Peninsula), Endicott Mountains (Kuna Formation),
and De Long Mountains (Akmalik chert and equivalent units in the Picnic Creek, Kelly River, and
Ipnavik River allochthons) subterranes; and (8) coarse to fine-grained siliciclastic strata of Permian
and Triassic age (Sadlerochit Group and Shublik Formation) occur in the North Slope and
Hammond subterranes. The Endicott Mountains, De Long Mountains, and Sheenjek subterranes
each contain age-correlative finer grained rocks (Etivluk Group) consisting of various proportions
of siltstone, argillite, pelagic limestone, siliceous shale and chert, which are considered to be the
basinal equivalents of the siliciclastic deposits of the Sadlerochit Group and Shublik Formation.

Together, the above characteristics argue strongly for facies relationships and hence, for the
stratigraphic linkages among the North Slope, Endicott Mountains, De Long Mountains,
Hammond, and Sheenjek subterranes at least by post-Devonian time. The evidence for linkage is
somewhat less certain for the Coldfoot, Venetie, and Slate Creek subterranes, but the age,
stratigraphic, and compositional compatibility of these to parts of the other subterranes are
suggestive such a linkage. None of the Arctic-Alaska subterranes are separated from each other by
rocks of oceanic character (i.e., ophiolites) that may be indicative of suturing of originally widely
separated terranes. However, all of the Arctic-Alaska subterranes occur to the north of and
structurally beneath the rocks of Angayucham terrane, implying their derivation from positions
north of or landward of the ocean basin represented by the rocks of the Angayucham terrane.
These stratigraphic threads provide the basis for reconstructing pre-Cretaceous paleogeographic
relationships among the subterranes of the Arctic-Alaska terrane.

Although the combined evidence argues against an exotic origin for the post-Devonian rocks of
the Arctic-Alaska subterranes, two general features indicate that large-scale displacements may
have occurred between the subterranes during Brookian orogenesis. These are: (1) widespread
evidence of strain in the rocks of the subterranes, including folding and thrust faulting at all scales
and penetrative deformation in the southern Brooks Range; and (2) the structural superposition
over large ares of distinct, but coeval facies of the Arctic Alaska terrane. Palinspastic restorations
to date have tended to focus on either reconstruction by restoration of facies patterns or geometric
unfolding across known structures, resulting in widely variable paleogeographic models and
estimates of the amount of Brookian shortening.

Pre-Devonian continental margin
Paleogeographic reconstruction of the pre-Devonian stratigraphy of the Arctic Alaska terrane is

complicated not only by Brookian orogenesis during Mesozoic and Cenozoic time but also by one
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or more episodes of contractional and (or) extensional deformation in pre-Mississippian time. The
deformational style, vergence, and tectonic significance of the older orogenic episodes are poorly
known, making pre-Devonian paleogeographic reconstructions speculative. For the purpose of
discussion here, pre-Devonian rocks in the North Slope, Hammond, and Coldfoot subterranes are
classified as carbonate-platform, continental-slope, and oceanic deposits. The carbonate-platform
deposits in the North Slope and Hammond subterranes are thick; they span part of Proterozoic and
much of early Paleozoic time. Continental slope or distal continental-margin deposits in the North
Slope subterrane are mostly fine-grained quartzose rocks, widespread in both the subsurface and
surface; in the northeastern Brooks Range, these include quartzose turbidites (Neruokpuk
Quartzite) that may be analogous to the Windemere Supergroup of the Canadian Cordillera. Other,
typically fine-grained rocks that may be continental-margin or -slope deposits crop out in the
Hammond subterrane and may make up much of the Coldfoot subterrane. Where dated, these
fine-grained rocks are typically Ordovician and Silurian, but some of them were probably
deposited during Proterozoic and Cambrian time as well. Rocks indicative of oceanic deposition
include Cambrian, Ordovician, and Silurian radiolarian chert, argillite, graywacke turbidites, mafic
volcanic rocks, and island-arc volcanic rocks. These rocks occur both as mélange and coherent
masses in the North Slope subterrane. They are abundant in the northeastern and southcentral
Brooks Range and Lisburne Peninsula and, on the basis of gravity and magnetic data (Grantz and
others, 1991), are inferred to be in the subsurface of the North Slope. Volumetrically, however,
oceanic deposits may compose only a small part of the pre-Devonian rocks of the Arctic Alaska
terrane.

Norris (1985), Dillon and others (1987a), and Lane (1991) suggested that pre-Devonian rocks
of the North Slope, Hammond and Coldfoot subterranes formed a thick carbonate-shelf to deep-
marine-slope succession marginal to North America in Late Proterozoic and early Paleozoic time.
In such a reconstruction, the oldest of the pre-Devonian rocks represent lateral equivalents of the
Tindir Group and related Proterozoic rocks, now 450 km to the south in the Canadian Cordillera
and Kandik area of eastcentral Alaska, whereas the Cambrian, Ordovician, and Silurian oceanic
rocks are interpreted as lateral equivalents of coeval fine-grained miogeoclinal rocks of the Selwyn
basin in the central Yukon Territory. This reconstruction is supported by (1) the quartzose
composition of most of the pre-Devonian siliciclastic rock of the Arctic Alaska terrane and their
lateral equivalents, (2) the general stratigraphic similarities between the pre-Devonian rocks of the
Arctic Alaska terrane and, as originally defined by Stewart (1976), the North American continental-
margin succession of the Canadian Cordillera, (3) the North American affinity of most fauna in the
northeastern Brooks Range, and (4) the general position of northern Alaska on depositional strike
with the North American miogeocline. The continental margin represented by pre-Devonian rocks
of the Arctic Alaska terrane may be the northward continuation of the Late Proterozoic and early
Paleozoic passive margin of the Canadian Cordillera. Contemporaneous carbonate platforms may
be represented by the Proterozoic to Devonian carbonate succession in the Sadlerochit and Shublik
Mountains of the northeastern Brooks Range and the Baird Group in the southern Brooks Range,
although their original positions relative to each other and the continental-margin deposits are
unknown.

A passive-margin model alone does not explain the widespread evidence for pre-Mississippian
deformation in the eastern part of the Arctic Alaska terrane. For this reason, and because of the
presence of pre-Devonian oceanic and volcanic arc-deposits in the southcentral and eastern Brooks
Range, Moore and others (1985a), Moore (1986), and Grantz and others (1991) have suggested
that originally disparate tectonic elements (displaced terranes) may have been accreted to the pre-
Devonian continental margin of North America along one or more sutures in the Brooks Range.
They suggest that lower Paleozoic volcanic-arc rocks and lithic flysch in the North Slope
subterrane record closure of an ocean basin outboard of the North American continent. Possible
evidence of a closure event may be represented by faunas of different affinity in the Arctic Alaska
terrane. In the North Slope subterrane in the northeastern Brooks Range, Cambrian trilobites are
of North American affinity, whereas in the southern part of the North Slope subterrane at the
Doonerak fenster and in the Hammond subterrane, Cambrian trilobites and Ordovician conodonts
are of Siberian affinity (Dutro and others, 1984; Blodgett and others, 1986; Dillon and others,
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1987a; Harris and others, 1988; A.R. Palmer, oral commun., 1988). These paleontologic data
suggest that the Siberian continent (or continental fragments related to it) was involved in the
closure and that most or all of the lower Paleozoic rocks of the Hammond and Coldfoot
subterranes are of peri-Siberian origin, whereas those of the North Slope subterrane north of the
crest of the Brooks Range are of North American affinity.

Early to Middle Paleozoic orogenesis

Brosgé and others (1962) were the first to suggest that the regional sub-Mississippian angular
unconformity in the northeastern Brooks Range may be evidence for early to middle Paleozoic
contractional or extensional deformation. They also noted the thick, widespread, coarse-grained
Upper Devonian and Lower Mississippian(?) clastic rocks of the Kanayut Conglomerate (Endicott
Group, Endicott Mountains subterrane) and suggested that these were derived by erosion from a
mid-Paleozoic orogenic zone. Subsequent work has shown that the sub-Mississippian
unconformity extends throughout the subsurface of the North Slope to the Lisburne Peninsula and
also is present in the Mt. Doonerak fenster (North Slope subterrane) and in the Schwatka
Mountains (Hammond subterrane) in the southern Brooks Range; the extent of this uncomformity
suggests that the hypothesized middle Paleozoic orogenic episode affected much of northern
Alaska. Lerand (1973) inferred that this orogenic episode occurred in the Devonian, and he linked
it to the Ellesmerian fold belt, which he traced from northern Greenland through the Canadian
Arctic and northern Alaska to at least as far west as Wrangell Island.

In the northeastern Brooks Range, deformed rocks beneath the sub-Mississippian unconformity
include highly strained rocks (Oldow and others, 1987b) whose direction of structural transport is
unknown or controversial. In the Sadlerochit and Shublik Mountains, pre-Mississippian
deformation is indicated by large-scale tilting. In the Hammond subterrane and in the North Slope
subterrane in the Mt. Doonerak fenster, a regional pre-Mississippian orogenic episode has not been
documented, even though Mississippian rocks and the sub-Mississippian unconformity are
present; the significance of the unconformity is controversial. Pre-Mississippian penetrative
deformation, however, has been suggested for some rocks of the Hammond subterrane in the
southern Brooks Range (Dillon, 1989; Till, 1989), and uplift and tilting are likely for some of the
others in the Hammond subterrane. In the Endicott Mountains and De Long Mountains
subterranes, the sub-Mississippian unconformity is absent, and the Devonian to Mississippian
stratigraphic section is conformable. Mississippian to Triassic strata of the North Slope subterrane
onlapped northward across the sub-Mississippian unconformity onto older rocks presently in the
subsurface of the North Slope. This relation indicates that a middle Paleozoic highland existed
north of the Barrow arch. Southward sediment transport during deposition of the Upper Devonian
to Lower Permian(?) Endicott Group also indicates a northern highland (Moore and Nilsen, 1984;
Bird, 1988a; Mayfield and others, 1988). Taken together, this evidence suggests that the area of
middle and late Paleozoic erosion extended south at least as far as the southern Brooks Range, but
maximum uplift was located north of the present-day Barrow arch .

A minimum age for early to middle Paleozoic orogenesis is indicated by the Early Mississippian
age of the Kekiktuk Conglomerate, which rests on the sub-Mississippian unconformity. Rocks as
young as Middle Devonian are truncated at a low angle by the unconformity in the northeastern
Brooks Range (Reiser and others, 1971, 1980; Anderson and Wallace, 1990). A Devonian age for
the orogenesis is also suggested by emplacement of large granitic plutons and batholiths yielding
Devonian U-Pb crystallization ages in the North Slope, Hammond, and Coldfoot subterranes
(Dillon and others, 1987b). In the northeastern Brooks Range, these plutons are truncated by the
pre-Mississippian unconformity, indicating that uplift occurred between the time of crystallization
in Devonian time and their erosional truncation in Early Mississippian time.

Brosgé and others (1962) reported several unconformities in pre-Mississippian strata of the
northeastern Brooks Range and concluded that pre-Mississippian orogenesis in northern Alaska
was diachronous or involved more than one event. In the southern Demarcation Point quadrangle,
Reiser and others (1980) mapped Middle Devonian calcareous sandstone in angular unconformity
with a highly deformed unit of Cambrian and Ordovician chert, argillite, mafic volcanic rocks, and
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lithic graywacke described by Dutro (1981) and Moore and Churkin (1984). The absence in the
Middle Devonian rocks of complex structures present in the underlying, older rocks indicates that
significant deformation took place in pre-Middle Devonian time (Anderson and Wallace, 1990).
Lower Devonian (Emsian) limestone rests with angular unconformity on Upper Ordovician and
older carbonate strata in the Sadlerochit and Shublik Mountains (Blodgett and others, 1988).
Similarly, Dillon and others (1987a), who assumed a Devonian age for the Skajit Limestone,
suggested that Devonian carbonate rests unconformably on older rocks in the central Brooks
Range. On the the basis of these observations and the apparent absence of Lower Devonian strata
throughout most of the Hammond and North Slope subterranes, Dillon (1989) argued that a pre-
Middle Devonian unconformity exists throughout the central and eastern Brooks Range and
concluded that orogenesis occurred in Silurian or Early Devonian time.

The tectonic causes for early to middle Paleozoic orogenesis in northern Alaska are unclear. As
discussed for the pre-Devonian continental margin, the presence of a deformed pre-Devonian
oceanic assemblage in the northeastern Brooks Range, pre-Devonian volcanic-arc rocks in the Mt.
Doonerak fenster, and exotic faunal affinities led Moore and others (1985a), Moore (1986), and
Grantz and others (1991) to suggest convergent deformation between Ordovician and Early
Devonian time. Although pre-Carboniferous ophiolitic assemblages have not been recognized in
northern Alaska, a west-trending band of low-amplitude magnetic anomalies thought to originate in
pre-Mississippian rocks in the southern North Slope may be interpreted as a suture marked by
serpentinite or, alternatively, as a belt of intrusive or mafic extrusive rocks of oceanic or arc affinity
(Grantz and others, 1991). Dillon and others (1980) suggested that Devonian granitic rocks of
northern Alaska have an arc affinity and, on the basis of this interpretation, Hubbard and others
(1987) concluded that convergent deformation continued into Early Devonian time. This
conclusion may be supported by the predominance of radiolarian chert detritus in Upper Devonian
clastic rocks of the Endicott Group in the Endicott Mountains subterrane (Moore and Nilsen,
1984), which implies uplift and exposure of pelagic deposits.

Continental breakup along the southern margin of the Arctic Alaska terrane

Following convergent deformation and tectonic juxtaposition of lower Paleozoic rocks of the
Arctic Alaska terrane by Middle Devonian time, deposition of continental-shelf sediments of the
Arctic Alaska terrane resumed. Depositional successions of Late Devonian to Jurassic age are
characterized by overall deepening conditions that gradually evolved from nonmarine deposition in
latest Devonian and earliest Mississippian time to carbonate-platform and platform-margin
deposition in Carboniferous time and, finally, to fine-grained clastic-rock, siliceous-shale, pelagic-
limestone, and chert deposition from Permian to Jurassic time. This succession suggests that the
Arctic Alaska terrane was subjected to regional subsidence, particularly along its southern margin
(Endicott Mountains and De Long Mountains subterranes) for more than 200 m.y. The presence
of Devonian to Jurassic oceanic rocks of the Angayucham terrane resting on the southern margin of
the Arctic Alaska terrane suggests that the Arctic Alaska terrane was bordered to the south by an
oceanic region from which the Angayucham rocks were derived. These relations indicate that an
ocean basin was opened, presumably by rifting, along the southern margin of the terrane sometime
in middle to late Paleozoic time and that all or part of the Upper Devonian to Jurassic stratigraphy
of the Arctic Alaska terrane composed a south-facing passive-margin sequence.

The detailed history of rifting, continental breakup, and onset of passive-margin deposition is
uncertain. Because a southern highland province (see below) is inferred from Early Proterozoic
arkosic detritus in the Mississippian and Pennsylvannian(?) Nuka Formation (De Long Mountains
subterrane), Mayfield and others (1988) proposed that continental breakup of the southern margin
of the Arctic Alaska terrane and opening of the Angayucham ocean basin began in Early
Pennsylvanian time. A rifting event of this age may be supported by the many undated mafic sills
that intrude Carboniferous chert of the Ipnavik River allochthon and by rare mafic volcanic rocks
within the Lisburne Group. Evidence is also provided by extensional structures of Carboniferous
age (Moore and others, 1986) and the presence of Carboniferous evaporites and mineral deposits
(Metz and others, 1982).
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Alternatively, Einaudi and Hitzman (1986), Hitzman and others (1986), Schmidt (1987), and
Dillon (1989) interpreted rhyolite-dominated bimodal volcanic rocks, associated massive sulfide
deposits, and abrupt facies changes with related unconformities of Devonian age in the Hammond
and Coldfoot subterranes as evidence of rift-related high-angle faulting and extensional tectonism
of the southern Arctic Alaska terrane during Devonian time. Dillon and others (1987b) interpreted
the more siliceous of the bimodal volcanic rocks as extrusive equivalents of Devonian plutonic
rocks in the Hammond and Coldfoot subterranes and argued that isotopic data indicating a crustal
source for the plutons is evidence for their origin by partial melting of continental crust in an
extensional setting. The complex facies relations of Middle and Late Devonian sedimentary rocks
in the Hammond and North Slope subterranes, the multiple erosional episodes in the North Slope
subterrane during Devonian and Early Mississippian time, and the regional Late Devonian to
Jurassic subsidence of the Arctic Alaska terrane indicate that continental breakup took place in
Middle to Late Devonian time (Grantz and others, 1991). Thick, but local, accumulations of
Middle Devonian terrigenous clastic rocks in the northeastern Brooks Range (Anderson and
Wallace, 1990) and in the North Slope subsurface (Collins, 1958) were tilted prior to the Early
Mississippian, suggesting that extensional deformation related to rifting took place in Middle
Devonian time. However, the consistent southwestly directed paleocurrent indicators and the
uniform clast composition of the Upper Devonian to Lower Mississippian(?) chert-rich, fluvial-
deltaic Kanayut clastic wedge of the Endicott Mountains subterrane indicate that latest Devonian
sediments were deposited as a south-facing, constructional continental-margin succession rather
than as a rift-basin succession. Thus, the Kanayut clastic wedge was probably shed from an
uplifted area of older orogenic deposits along the northern shoulder of the rifted southern margin of
the Arctic Alaska terrane and was deposited on the outboard, southern margin of the Arctic Alaska
terrane after continental breakup in earlier Devonian time. Together, these relations suggest that
Early Devonian or older convergent tectonism culminated in plutonism and was succeeded in
Middle and Late Devonian time by a rifting event that resulted in continental breakup, formation of
the Angayucham ocean basin, and establishment of a south-facing Atlantic-type continental margin
by latest Devonian time. If continental drift began in Middle or Late Devonian time as suggested
here, then the inferred southern highland of the Arctic Alaska terrane of Mayfield and others (1988)
may have been partly or wholly composed of a Proterozoic granitic terrane that had been accreted
to the Arctic Alaska terrane in pre-Mississippian time and then subsided as a large continental block
along the southern margin of the terrane during rifting and opening of the Angayucham ocean
basin.

Latest Devonian to Jurassic passive continental margin

From latest Devonian to Jurassic time, the Arctic Alaska terrane became the site of depositional
processes that were active over widespread areas. Many of the rocks of this stratigraphic interval
were deposited in shallow-marine to nonmarine environments and consist of platform carbonate
rocks or compositionally mature siliciclastic strata, indicating that large parts of the terrane behaved
as a continental platform or shelf. Reconstruction of the paleogeography of the terrane during this
period of time is therefore simplified by the relatively predictable stratigraphic patterns related to
sedimentation on a stable continental platform, the large database consisting of seismic, well, and
outcrop data for this stratigraphic interval, the restriction of complicated Brookian deformational
overprints to the southern part of the Arctic-Alaska terrane, and the absence of geologic structures
related to older orogenic events. Palinspastic restorations for this interval are uncertain, however,
due to the poorly known structural kinematics of the Brookian orogeny and the apparent absence of
rocks of this stratigraphic interval throughout much of the southern Brooks Range.

Two contrasting paleogeographic reconstructions of the Arctic Alaska terrane have been
suggested for latest Devonian (Fammenian) to Jurassic time. Mayfield and others (1988)
hypothesized that the Brooks Range orogen consists of at least seven regional internally imbricated
thrust sheets or allochthons characterized by distinct upper Paleozoic and Mesozoic stratigraphic
sequences. They proposed a simple south-to-north thrust emplacement sequence for these
allochthons. This model assumes that each allochthon restores to a position immediately south of
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the allochthon it overlies structurally and that each allochthon was thrust into place prior to
thrusting of the allochthon it structurally overlies. Thus, the structurally higher allochthons have
been displaced farther than the structurally lower allochthons because the higher allochthons have
been carried northward in piggyback fashion atop the lower allochthons. Because of the presence
of a lithologically equivalent upper Paleozoic to Mesozoic stratigraphic section in both the
Hammond and North Slope subterranes, Mayfield and others (1988) considered the Hammond
subterrane to be a deformed, southward continuation of the North Slope subterrane and that both
subterranes are autochthonous or parautochthonous relative to the Endicott Mountains and

De Long Mountains subterranes. This palinspastic reconstruction, therefore, restores the latter
subterranes to positions south of the Hammond subterrane. The structural assumptions used in
this reconstruction require a relatively complex paleogeography of alternating basins and stable
platforms, particularly during Mississippian time.

Churkin and others (1979), however, assumed a paleogeographic model featuring an
uncomplicated south-facing passive continental margin throughout late Paleozoic and early
Mesozoic time. They assumed that condensed, siliceous Mississippian to Triassic basinal
sequences (their Kagvik sequence) were deposited on oceanic crust located south of the coeval
thicker continental-shelf deposits of the North Slope and Endicott Mountains subterranes and the
Kelly River and Nuka Ridge allochthons of the De Long Mountains subterrane. In contrast to the
model of Mayfield and others (1988), this model requires a more complicated history of structural
shortening during the Brookian orogeny, involving a presently undocumented interval of
southward-vergent thrusting separating two intervals of northward-vergent thrusting. Mayfield
(1980) and Mull (1980) pointed out several lines of evidence indicating that the deep-water
siliceous successions were deposited in part in shelf and platform environments of the Endicott
Mountains and De Long Mountains subterranes and suggested a subsiding platform-margin and
slope, rather than oceanic, site for deposition of the siliceous succession. The model of Mayfield
and others (1988) is therefore generally preferred by most workers, although the Pennsylvanian or
younger time of breakup called for in their model is not accepted by all workers (Hitzman and
others, 1986; Grantz and others, 1991).

Figures 31 to 36 shows a series of block diagrams illustrating paleogeographic reconstructions
for Mississippian to Neocomian time. This model is modified from Mayfield and others (1988),
who proposed a two-sided basin in northern Alaska in pre-Pennsylvanian time followed by a
simple south-facing passive-margin from Pennsylvanian to Jurassic time. The alternative model of
Churkin and others (1979) requires restoration of the Kelly River and Nuka Ridge allochthons of
the De Long Mountains subterrane to positions north of the Endicott Mountains subterrane but
south of the combined Hammond and North Slope subterranes. It is important to note that the
position of the southern basin margin shown by Mayfield and others (1988) hinges on the
palinspastic position of the inferred source area for clastic rocks of the Nuka Formation and has not
been observed in outcrop.

During latest Devonian and earliest Mississippian time (fig. 31), the regional sub-Mississippian
unconformity shows that much of northern Alaska (North Slope subterrane and at least part of the
Hammond subterrane) was uplifted and exposed as extensive northern highlands. Quartz- and
chert-rich detritus from these highlands was shed southward and westward along drainage courses
through at least two major alluvial plains onto a broad delta plain, which together constituted the
sites of deposition for fluvial strata of the Kanayut Conglomerate (Moore and Nilsen, 1984).
These fluvial deposits (Kanayut Conglomerate) prograded southward across related shallow-
marine sediments and prodelta shale (Noatak Sandstone and Hunt Fork Shale) in Famennian (late
Late Devonian) time, resulting in construction of the thick, south-facing fluvial-deltaic clastic
wedge (Brosgé and Tailleur, 1971; Nilsen, 1981; Moore and Nilsen, 1984) now contained in the
Endicott Mountains subterrane. Distal, submarine parts of the fluvial-deltaic wedge may be
represented by compositionally mature sandstone turbidites of the Slate Creek subterrane (Murphy
and Patton, 1988).

By Early Mississippian time, erosion reduced the northern highlands source region (Hammond
and North Slope subterranes) to a broad, southward-sloping platform. Marine transgression
across the Kanayut clastic wedge and northward onto the erosional surface resulted in the
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A second restoration (fig. 38B) involves northward right-lateral motion of the Arctic Alaska
terrane along the Tintina fault from a position originally within the northern Canadian part of the
Cordilleran orogen (Jones, 1982b). According to this model, the terrane was later displaced to the
northeast by right-lateral motion along the Porcupine lineament. This model (1) accounts for
similarities in the pre-Mississippian rocks of the northeastern part of the Arctic Alaska terrane and
the northern Cordilleran orogen (Norris, 1985), (2) restores the Devonian granitic batholiths of the
terrane to a position within the Devonian magmatic belt of the Cordillera (Rubin and others, 1990),
(3) relates the Devonian clastic wedge to the nearly coeval Antler belt of chert-rich clastic rocks
(Gordey and others, 1987; Gordey, 1988), and (4) accounts for apparent correspondence between
the Mississippian through Upper Cretaceous facies patterns and mineralization of the two regions
(Einaudi and Hitzman, 1986; Schmidt, 1987). The disadvantages of the model are that it requires a
transform, rather than passive, northern margin for the Arctic Alaska terrane and a Paleozoic,
rather than a Mesozoic, age for the Tintina fault. The model also assumes a late Paleozoic or early
Mesozoic age for the Canada basin and places the thick Devonian fluvial deposits of the Endicott
Mountains subterrane adjacent to the deep-marine clastic rocks of the Antler belt (Nilsen, 1981).

A third class of reconstructions (fig. 38C) restores the northern margin of the Arctic Alaska
terrane to a position adjacent to the Lomonosov Ridge and Barents shelf and makes the Arctic
Alaska terrane part of the northern Laurussian continental margin in pre-Jurassic time ( Dutro,
1981; Nilsen, 1981; Oldow and others, 1987b; Smith, 1987). These reconstructions require as
much as 2,000 km of left slip on a transform fault along the linear continental margin of northern
Canada and its southwestward projection through the Mackenzie delta and onward along the
Porcupine lineament to either the present-day Kaltag fault or Kobuk fault along the south edge of
the Brooks Range. This reconstruction was suggested by Oldow and others (1987b) who reported
that the direction of tectonic transport in pre-Mississippian rocks in the northeastern Brooks Range
is compatible with that of the Ellesmerian orogeny in the Canadian Arctic Islands if restored by
large-scale left slip. A plate-tectonic explanation for this restoration is provided by Smith (1987),
who suggested that the Canada basin opened along a spreading center oriented normal to the
straight extent of the northern Canadian continental margin north of the Canadian Arctic Islands.

In this reconstruction, Brookian deformation resulted from interactions with plates of the paleo-
Pacific ocean during translation toward the southwest. The advantages of this class of models is
that it (1) provides for a Cretaceous age for the Canada basin, (2) accounts for a northern source
region (Barrovia) for the strata of the Ellesmerian sequence, (3) explains the linear character of the
northern Canadian continental margin, and (4) relates the large outpouring of clastic rocks in the
Late Devonian and Early Mississippian to the thick clastic deposits shed from the Ellesmerian
orogeny in the Innuitian orogen or possibly to trans-tensional deposits of the Upper Old Red Series
of the East Greenland fold belt. Major disadvantages of these models are that they propose
extremely large amounts of left slip across the Porcupine lineament and the Kaltag or other faults,
which presently display only small to moderate amounts of right slip, and that they require an older
age of movement than that documented on the faults. Further, the Devonian clastic wedges of the
Arctic Alaska terrane and the Innuitian fold belt differ somewhat in age so may not be directly
correlative.

The fourth, and most widely accepted, model for the origin of the Arctic Alaska terrane is rifting
and counterclockwise rotation of the Arctic Alaska terrane away from northernmost Canada about a
pole of rotation near the Mackenzie delta (fig. 38D) (Carey, 1958; Rickwood, 1970; Tailleur,
1973a; Newman and others, 1977; Mull, 1982; Sweeney, 1982; Grantz and May, 1983; McWhae,
1986; Howell and Wiley, 1987; Ziegler, 1988; Grantz and others, 1990b). In this model, the
Arctic Alaska terrane originated in a position contiguous with the Canadian Arctic Island segment
of the Innuitian fold belt. The opening of the Canada basin in this model would require about 66°
of counterclockwise rotation in Cretaceous time. Recent paleomagnetic results by Halgedahl and
Jarrard (1987) on drill core from a single well in the North Slope support this amount of rotation;
Lower Cretaceous and older strata in most other wells have been remagnetized in post-Early
Cretaceous time (D.R. Van Alstine, oral commun., 1988). Variants of the rotational origin for the
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Arctic Alaska terrane suggest that counterclockwise movement may have been accompanied by
about 270 km of right slip along the northern Canadian continental margin in middle Mesozoic
time (Grantz and others, 1990b) or preceeded by more than 1,500 km of left slip in Paleozoic time
(Sweeney, 1982). The rotational model (1) accounts for the inferred Cretaceous age of the Canada
basin, (2) explains apparent similarities between the late Paleozoic and early Mesozoic geology of
the Arctic Alaska terrane and the Innuitian fold belt, (3) allows for a northern source area for the
Ellesmerian sequence, and (4) provides a reasonable fit for bathymetric and gravity data across the
Canada basin. The hypothesized rotation of the Arctic Alaska terrane has been linked kinematically
to convergence between the Arctic Alaska and Koyukuk arc terranes and the consequent formation
of the Brooks Range orogen (Mayfield and others, 1988). However, such a linkage is unlikely
because the amount of crustal shortening within the orogen does not decrease toward the pole of
rotation as would be expected and because Brookian plate convergence began in Jurassic time,
whereas sea-floor spreading in the Canada basin did not begin until Neocomian time (Rattey, 1985;
Oldow and others, 1987b). Possible Cordilleran aspects of the terrane (for example, Devonian
magmatic belt, overthrusting of oceanic rocks of the Angayucham terrane, general stratigraphic
similarities of parts of the Arctic Alaska terrane with North American rocks of the Canadian
Cordillera) may be accounted for by restoration to a position between the Innuitian orogen and the
northern limit of the Cordilleran orogen. Problems with the rotational hypothesis include structural
and metamorphic differences between Devonian and older rocks across the restored boundary,
opposition of middle Paleozoic sediment transport directions across this boundary, and the
requirement that strike-slip displacements of several thousand kilometers must have occurred along
the Lomonosov Ridge in the central Arctic Ocean as a consequence of rotation (Nilsen, 1981;
Oldow and others, 1987b).

CONCLUSION

Northern Alaska consists of two principal tectonostratigraphic terranes, the Arctic Alaska and
Angayucham terranes. The most extensive of the two is the Arctic Alaska terrane, which underlies
the North Slope and most of the Brooks Range. Rocks of this terrane range from Proterozoic to
Cenozoic and are divided into a structurally and stratigraphically complex pre-Mississippian
assemblage overlain by a once laterally continuous succession of Upper Devonian and Lower
Mississippian to Lower Cretaceous, nonmarine to marine continental-margin deposits. These
deposits are in turn overlain by upper Mesozoic and Cenozoic siliciclastic foredeep strata. The pre-
Mississippian assemblage records early to middle Paleozoic convergent deformation and arc
plutonism along the edge of North America and subsequent rifting in Devonian time. The
Devonian rifting culminated in formation of an ocean basin and the development of a complex
south-facing passive margin by Late Devonian time. Subsidence along the passive margin resulted
in progressive northward onlap of coastal-plain to continental-shelf and carbonate-platform
deposits in the Late Devonian to Pennsylvanian and neritic to bathyal deposits in theTriassic to
Jurassic. Gradual deepening was accompanied by waning clastic input from the north, resulting in
deposition of condensed basinal deposits of shale, pelagic limestone, and chert in more distal parts
of the passive margin from Mississippian to Jurassic time.

The Angayucham terrane is a structurally thin succession of rocks that rests tectonically on the
southern part of the Arctic Alaska terrane and consists of two assemblages, both of which
originated in an ocean basin. The structurally lower assemblage comprises a structural collage of
Devonian to Jurassic ocean-island basalts and pelagic sedimentary rocks that represent a
subduction complex of Jurassic age. The upper assemblage comprises peridotite and gabbro that
form an incomplete Middle Jurassic ophiolite of arc affinity. During Middle and Late Jurassic
time, the lower assemblage was underplated by subduction to the upper ophiolitic assemblage.
Sedimentary debris in Brookian foredeep deposits suggests that Jurassic granitic and volcanic
rocks of magmatic-arc affinity may once have overlain the structurally higher ophiolitic
assemblage, but later the volcanic rocks were eroded away.

The Brookian orogeny began in the Middle Jurassic with southward subduction of the ocean
basin that lay south of the passive margin of the Arctic Alaska terrane. In Late Jurassic and early
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Neocomian time, progressively more inboard parts the Arctic Alaska terrane were partially
subducted beneath the oceanic forearc and earlier accreted oceanic rocks (Angayucham terrane) .
This convergence resulted in delamination and imbrication of the continental superstructure of the
Arctic Alaska terrane, which consisted mainly of the passive-margin succession. Asa
consequence, more distal parts of the Arctic Alaska continental margin were progressively
collapsed and thrust successively northward over more proximal parts. The axis of associated
foredeep sedimentation in the proto-Colville basin migrated northward with the thrust front; later
the older foredeep deposits became involved in thrusting. The continental substructure of the
Arctic Alaska terrane, meanwhile, was subducted to deeper structural levels, where it was
tectonically thickened and subjected to high pressure-low temperature (blueschist-facies)
metamorphism.

In the northern part of the Arctic Alaska terrane, a failed episode of rifting occurred in the Early
Jurassic and was followed by a successful episode of rifting in the Early Cretaceous (Hauterivian)
that resulted in continental breakup and formation of the Canada basin. Northward subsidence
along the newly rifted margin of the formerly south-dipping continental-margin sequence produced
an inflection in dip of Lower Cretaceous and older rocks, thus forming the Barrow arch. The
Barrow arch was uplifted and exposed above sea level at the time of continental breakup in the
Early Cretaceous, producing a local erosional truncation of older rocks, but the arch has gradually
subsided since late Early Cretaceous time.

The southern part of the Arctic Alaska terrane was rapidly uplifted and unroofed by the late
Early Cretaceous (Albian) as plate convergence slowed, resulting in setting of isotopic cooling ages
and in deposition of huge volumes of clastic detritus to the north in the Colville basin foredeep and
to the south in the Koyukuk basin. Although sediments shed northward into the Colville basin
built local northward-prograding deltas along much of the Brooks Range, the basin was filled
largely by deposits of an eastward- to northeastward-prrograding delta (Corwin delta) from Albian
through Tertiary time. This delta eventually prograded northward across the western part of the
Barrow arch, depositing an Albian and younger constructional continental-margin sequence along
the margin of the Canada basin. Renewed north-vergent thrusting and uplift in Cenozoic time
formed the northeastern salient of the eastern Brooks Range and caused northward migration of
foredeep sedimentation across the Barrow arch and onto the adjacent part of the northern Alaska
continental margin. Geologic structures and seismicity data indicate that thrusting has propagated
northward across the continental margin in Neogene time and has deformed the eastern part of the
Barrow arch and overlying sedimentary rocks.

Faunal affinities and broad stratigraphic similarities indicate that the Arctic Alaska terrane was
part of North America by late Paleozoic time. Its exact site of origin, however, is controversial.
The leading hypothesis suggests that, immediately following the culmination of early Brookian
orogenesis in the Early Cretaceous, the northern margin of the Arctic Alaska terrane was rifted

away from the Canadian Arctic Islands region and rotated clockwise about 67° to its present
position, thus forming the Canada basin. Following rotation, east-vergent thrusting took place
during the Cretaceous (post-Neocomian) along the western margin of northern Alaska (for
example, the Lisburne Peninsula). This convergence probably resulted from local convergence
between the Eurasian and North American plates. Likewise, convergent deformation during
Cenozoic time in northeastern Alaska has been ascribed to the far-reaching effects of Pacific-North
American plate interactions along the southern margin of Alaska.
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